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Foreword

The case studies in this publication have been developed by FAO in the oourse of a
programme to provide training in project analysis and planning to those responsible for
these activities in the forestry sector in developing countries. They are now being pub
habed, in order to make them more widely available both for teaching purposes and as
reference materials for forest economista and planners. This publication has been made
possible through a special budgetary contribution to F. from the Swedish International
Development Authority (SIDA).

The case studies are based on actual projects in developing countries. The material
in each has undergone a lengthy period of working, reworking and use in order to improve its
usefulness as a reference and teaching source. However, it is in the nature of osse studies
that this is a continuing process. Each use of the case is likely to disclose new facets,
alternative interpretations and additional queries. Users of the cases are therefore invited
to write to the Planning and Investment Studies Unit in FAO's Forestry Department, at the
address given at the end of the Introduction,about their experienoe with them and to raise
any difficulties they encounter.

The case stadies have been prepared by J. E. M. Arnold and A. H. Contreras of the
Planning and Investment Studies Unit of the Forestry Department of FAO and H. M. Gregersen
and T. W. Houghtaling of the University of Minnesota. The basic material used to develop
each case study was the project appraisal report which is identified in the foreword to
that study, supplemented by information gathered during field visits to the project and
discussions with those involved in its preparation and management. FAO is deeply grateful
to all those, too numerous to mention by name, who took the time and trouble to share their
experience and knowledge of these projects. FAD aleo wishes to express its appreciation to
the governments of the countries in which these projects were located, and to the World Bank
and other financing agencies which supported these projects, all of which were good enough
to make available the necessary information to F. and to agree to its use in this way.
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Introduction

The six case studies in this publication.have been seleoted as representing many
of the commonest situations encountered in forestry, atd the issues that arise in applying
economic analysis in such situations. They are based on projects in Africa, Asia and./
Latin America. They all describe projects designed to produce wood and/or wood fibrell,
but cover situations involving production for sale, production for a captive market and
production for eubsistence use, and scales of production reaging from tree-growing at the
farm level, through village woodlots to large-acale produaties for forest industry -- a

range of forestry production situations which entails many diffenent quantification, valu-
at ion and analysis problems.

Case studies are of value in illustrating how a methodology is applied in practioe,
in particular situatians. They help to put flesh an the bousa of methodology, and to

bring to life the complex of interrelating factors which make up an actual project. But

they have limitations. A case study can seldom develop in Pull the reasons why a narti-
cular value or quantity was arrived at; some understanding by the reader of the underlying
concepts has to be assumed. Equally, they do not describe the whole procese of the project
cycle; only one part of it.

Case studies should therefore be used to complement a knowledge of economic analysis.
The case studies in the present publication are designed to be used in oonjunotion with

Economic Anal is of Forest Pro'ects, by H. M. Gregersen and A. H. Contreras (FAD Forestry
Paper No, 17, FAO, Rome, 1979). However they are constructed in such a way that they can

also be used an their own by someone with a knowledge of eoonomio analysis. Each case

study is a self-contained document.

The aspect of project planning that these case studies are designed to illustrate is
that of the detailed analasie of the economic worth and soundness of that ane project design
which has emerged from the prooess of project identifioation and preparation as the solution
which is apparently best suited to that particular situation. Readers of the cases should
keep in mind that in each project there firgt has to be this lengthy process of identifying,
testing and choosing among alternative technologies, designs, factor mixes, scales of
operation, etc.

It is important also to keep in mind that each case presents a solution which is
specific to a particular situation. Though this might well give useful guidance to possible
solutions to similar project situations elsewhere, it should not be considered to be a model
which can be transferred intact. Every situation needs to be analysed separately. Similarly
readers should bear in mind that the physical and value data are specific to one situation,

and to the time at which they were collected.

The Case Studies

Case Stq2121.1u.1 PHILIPPINE SMALLHOLDER TREE-FARMING PROJECT.

This case concerns a forest allemtation programme which forms paet of a rural develop-
ment effort* Loans are made available to smallholders, with an average of some 10 ha of
land, to enable them to grow a fast-growiug tree (Albizeia falcataria,), that is usable as
pulpwood,on part of their land. The farmers sign an agreement with a local pulp and paper
company which gaarantees them a price and a market, but leaves them free to try to sell
their autput a* a higher prioe elsewhere. The case study considers the project mainly
from the point of view of the farmer and the government. The analysis is basea on a typioal
farm unit rather than the project as a whole*

-,See H. N. Oregerseu and K. Brooke, "Economio Ana/ysis of Watershed Projectss Special
Problems and A:temples", in Economic Anal sis of Forestre Pro eotteg Read:L;gal, FAO Forestry
Paper No. 17, Supp. 2, FAO, Rome, forthcoming, for a discuss an an oase F:447-eria3. illus-
trating the application of the saEe methodology to forestry pi-ojeo-te with wuter end soil
protection satpute.
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CASA Study No. 2, VILLAGE P3T:L1:1D PLANTATIONS IN KOREA

This case study deals with a village ftelwood programme in the Republic' of orea which
constitutes a oomponent of a large integrated rural development project. Like the Philippines
projeot it includes a great number of small sub-Trojects, but in this oase in different parte
of the country. The overall programme is analyaed as one project. Some of the problems of
averaging input/output relationshipefor diveree elements in a large progre are brought
out. The study also emphasizes the organisational aspects of thie type of projeot, and the
prOblems involved in dealing with shadow pricing of inputs and outputs and future demand and
markets.

Case Study No. 3, SOUTH AMERICAN NATURAL FDREST UTILIZATION PRIMP

This case study deals with a project for expanding an integrated forest industry
development based on a natural tropical hardwood resource14 The emphasis is TA a practical
approach to appraiaing such a project and the elements to consider in a financial analysis,
including treatment of loans and various government fees and tax incentives.

Case Study No. 4, KENYA I SAWDDG AND PULPWOOD PLANTATION PROJECT

This case examines a six-year time slice of an on-going sawlog and pulpwood planta-
tion programme in Kenya. At the time this projeot was appraised, Kenya had experience
growing and processing anly sawlogs. This projeot included some of the oountry's first
pulpwood plantations, Which were established near the site of a proposed pulpmill. The
mill was designed to meet Kenya's increasing domestic demands for paper products. In
addition, the project financed the continuing sawlog plantation programme, which was de-
signed to eupply domestic sawmills which produce lumber for domestio une and export. The
case provides an example of analysing projeot components separately, and illustrates problems
associated with estimating import substitution and export benefits.

Case Study No. 5, KENYA II SAWDOG AND PULPWOOD PLANTATION PROJECT

This case deals with a further six-year time slice of the on-going Kenya sawlog and
pulpwood plantation programme. This project continued and expanded its predecessor, the
Kenya I project. At the time of the Kenya II appraisal, the pulpmill had been oompleted and
was just starting production. As before, the project was made up of separate pulpwood and
sawlog components. A comparison of this case with the Kenya I case shows the evolution of
the projeot planning approach over time in a particular situation* /Per example, in Kenya II
input and output prices and quantities were revised in the light of the Kenya I experienoe.

Case Study No. 6, ZAMBIA INIUSTRIAL FDRESTRT PROJECT

Like the Kenya case studies, this one deals with a large-scale government afforesta-
tion programme, and shows how to deal with a "time slice" project. It is concerned with a
situation where there is still uncertainty about both yields from the plantations and about
the outlets that will be available, and shows how Ruch uncertainty can be dealt with. It
also illustrates various aspects of the relationshipe between forestry and forest industry
activities which have to be taken into account in an integrated projeot.

Using the Case Studies

The case studies may be read simply as a record of how a number of suocessfal
forestry and forest industry projects were developed and analyaed. But they can also be
used to provide a basis for a more systematic and in-depth assessment of the structure of
project analysis. FAD's Economic Analysis of Forestryprojects suggeste the following
major components of an economic analysis:

1/For a case study of the intornal planning process of a very large integrated forest
industries company based on a mixed tropical hardwood resource in Asia see: "Planning for
a Large Scale Integrated Forestry and Forest Industries Project: A Case Study of the Paper
Industries Corporation of the Philippines", 1OthISC/79/91 FAD, Reme,. 1979. As the company
is the one involved in the smallholder tree-farming project in the Philippines, this dommeni
also provides supplementary information to Case Study No. 1.
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Specifidation of objeotives, goals and project points of view.

Design of alternatives to meet the goals and identifioation of direct
and indirect impacts associated with each.

Valuation of costs and benefits or negative and positive impacts.

Comparisons of costs and benefits, including treatment of uncertainty.

Other considerations, such as additional measures of project impacts
and presentation of conclusions and recommendations.

It could be usef119 therefore, to examine the case studies following this structure and
ascertaining how each step was handled, what alternative methods or techniques might have
been employed, what additional factors might have been taken into account, how the latter
would have had to be handled, etc. A sixth category of questions that can be asked
concerns the reasons for the success of each project.

A separate publication, Economic Analysis of Forestry Projects: Users' Guide to
Case Studies(FD:NISC/79/17, FAO, Rome, 1979), setting out a series of discussion questions
under each of these headings, and suggesting points that should be raised in disaussion
of each, is available to those using the case studies for teaohing purposes. It can be
obtained by writing to theini:advest_mR.stLib_F'laaanrnentStudiesUnitForestDementod
and Agriculture Organization of the United Nations Via delle Terme di Caracalla 00100,
ome, y. orne of he main ssues that users may wish to consider are also identified

in the Introduction to each case study.
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Preface

This is one in a series of case studies of forestry and forest industries projects
that has been prepared by the Food and Agriculture Organization of the United Nations
(FAO) in order to demonstrate methods of preparing and appraising projects in the forest
sector. The programme of case studies has been made possible by a special allocation
for this purpose from the Swedish International Development Authority (SIDA). This case
study has been prepared by FAO with the assistance of the College of Forestry at the
University of Minnesota.

The project reported on in this case study is a project of the Government of the
Philippines and the Paper Industries Corporation of the Philippines, which has been
supported by a loan from the World Bank. The case study is based largely on material
contained in an appraisal of the project carried out by the World Bank (Report No.
424a?H, 5 May 1974), Additional information was generated during a field visit to
the project site. The case study describes the project as it was perceived at the time
of the appraisal in 1974. The material has been released to FAO by the World Bank and
the Government of the Philippines exclusively for the purposes of teaching forestry
planning methods. It may not be quoted or reproduced in part or in whole without
permission.
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INTRODUCTION

This project forms part of an on-going Agro-Forestry Development Plan initiated in
the late sixties by the Paper industries Corporation of the Philippines (PICOP) with the
objectives of ensuring raw material supplies for its mill complex at Bislig Bay in Eastern
Mindanao and improving the socio-economic conditions of smallholders in the area. This is
a "time slice" project.

Under the terna of the project, loans will be granted by the Development Bank of the
Philippines (DBP) to some 1 300 smallholders in the Bislig Bay area to assist them in plant-
ing tree crops and in developing crop and/or livestock production. The present case study
examines only the financial and economic appraisal of the tree crop element.

Smallholders will plant about 10 400 ha of Albizzia falcataria over a seven-year
period. Trees will be grown on an eight-year rotation. PICOP will provide the seedlings
at cost and technical assistance in exchange for first rights to the mature pulpwood at the
prevailing market price. Table 1 shows the total expected magnitude and timing of the
project.

The total cost of the project is estimated at about US$1.5 million with foreign
exchange costs of approximately USS150 000.

5- The case is divided into four sections: Section A presents background on the
project; Section B identifies the costs and benefits involved; Section C values the
financial and economic costs and benefits; Section D shows the derivation of the financial
and economic rates of return and looks at the sensitivity of remslts to changes in assump-
tions.

6. This case study records an example of a successful forestry project designed to
involve and benefit a segment of the rural poor. One use of the study can thus be to
illustra, the institutional arrangements and technical provisions that helped make it
possible-/. Issues of substance and concept that the user may wish to consider include the
size of the incentives provided to the smallholder. Pointe of appraisal technique that
arise include the structure of the appraieal (on the basis of a typical farm unit rather
than for the project as a whole), and difficulties in establishing economic values for the
inputs and outputs and the use of sensitivity analysie to explore the implications of
uncertainty about these values.

A. BACKGROUND

Forest Resources

1

Ab(ert one-third of the 30 million hectares of land in the Philippines is presently
classified as commercial public forest. These forests are being reduced at a rate of
200 000 ha a year, while reforestation averages only about 17 000 ha a year. About
40 Percent of the forest destruction is due to shifting cultivators (kaingineros), illegal
logging and accidental fires. OA the Island of Mindanao, which has the largest concentration
of commercial public forest, the forest resource has been decreasing by about 90 500 ha
a year, nearly all of which occurs in the valuable dipterocarp forest.

If this trend continues Rnd demand increases as forecast, the Philippines is likely
to be a net importer of logs by the year 2000. To offset this situation, the Government
has developed policies aimed at conserving the forest resource; principal among these are:
(i) the Phase-out of log exports* (ii) a reforestation programme, and (iii) stricter
control on all forms of forest destruction.

37--See also Case Stet- Village Fuelwood Plantations in Korea, for an example of
another, but quite different, successful projeot for rural community development.
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Table 1 Participating Farmers and Area Planted

Number Year
of farm

Year Subloans 0 1 2 3-- 4 .2 6

(hectares planted)

First 200

Second 300

Third 400

Fourth 400

Hectares planted/yr

Cumulative ha planted

400 400 400 400

600 600 600 600

800 800 800 800

800 800 800 800

400 1,000 1,800 2,600 2,200 1,600 800

400 1,400 3,200 5,800 8,000 9,600 10,400

2 _ 

Table 1 - Participating Farmers and Area Planted 

Number 
~~~r of farm 

Year Sub-loans 0 1 2 1 i .2 §. 
(hectares planted) 

First 200 400 400 400 400 

Second 300 600 600 600 600 

Third 400 800 800 800 800 

Fourth 400 800 800 800 800 

Hectares planted/yr 400 1,000 1,800 2,600 2,200 1,600 800 

Cumulative ha planted 400 1,400 3,200 5,800 8,000 9,600 10,400 
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The Paper Industries Corporation of the Philippines (PICOP) ig the sole domestic
producer of newsprint and the major supplier of industrial paper in the country. The
Government has granted PICOP a preferred and pioneer industry status under which the
company receives a number of incentives to development.

PICOP could advantageously meet 100 percent of its groundwood requirements from
Albizzia,but insufficient supplies have limited PICOP's consumption of this species to
only 15 percent of total requirements. In the late 1960's the Company launched its
Agro-forestry Development Plan. Under the plan a participating farmer devotes 20 percent
of his land holding to food and livestock production and 80 percent to fast-growing pulp-
wood trees (mainly Albizzia) grown on an eight-year rotation. At the time of this

analysis (1974), 868 tree farms with a total planted area of 1 816 ha have been estab-
lished and 127 Smallholders have received loans from DBP.

The present project calls for an expansion of the Plan. Tree farms would be sited
within a 100 km radius of the PICOP mill at Bislig, the maximum economic distance for
extending technical assistance. The total alienable and disposable land in the project
area is estimated at 481 000 ha with about 160 000 ha suitable for tree-farming. APPendix 1

shows the location of the project.

To qualify for a loan under the project a farmer must have a signed marketing
agreement with PICOP. The typical smallholder would plant 8 ha of Albizzia. The loan is
for 15 years at 12 percent interest per annum with the first interest payment due in year
7and with principal to be repaid in years 9-14.

Smallholders would be required to contribute a minimum of 2 percent of prc:iect

costs in own labour. Smallholders would be eligible if they occupy a minimum of 5 ha,
including those who have occupied alienable and disposable land for at least 10 years,
but who do not have legal title. There would be no restriction on the annual rate at
which the land may be developed.

Reliable estimates of the number of farmers who would qualify and apply for DBP
loans are not available, but preliminary data from the Bureau of Lands show that over
16 000 smallholders have applied, or will apply, for land titles in the project area.

B. IDENTIFYING GUSTS AND BENEFITS

Technical Considerations

Albizzia falcataria is indigenous to the Moluccas and was introduced to the
Philippines from Java in about 1940. It is a fast-growing tree which develops a clean
bole. Response to fertilizers is good and regeneration by seed and coppice is easy.
Seeds, which are abundant from the third year, store well and germinate easily. The
wood is soft, light in both weight and colour and is satisfactory for veneer, furniture
corestock, blockboard and pulp. The most detailed yield figures available come from the
Nasipit Lumber Company near Butuan City in northeastern Mindanao, which has Albizzia
plantations up to 15 years old (see Appendix 2). These are the most reliable figures
available and, although they are considered conservative, they provide the only reasonable
basis on which to make yield predictions for this project.
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Yield estimates for pe present project are based on Nasipit site index 30, which
shows yields of about 200 m /ha after eight years. :V

Individual tree farms would be managed on a sustained yield basis using area control
and an eight-year rotation. Farms would be planted initially at any rate a farmer is
capable of, but the minimum rate is assumed to be 2 hectares/Year. One-eighth-of the total
area planted would be harvested each year. During the first rotation the first cutting
would be advanced to age 7, while some stands would be carried east the rotation age in
order that yields can become uniform in the second and subsequent rotation. (See Table 21 Co1.5)

For tree farms planted at rates greater than 2 hectares/year, annual harvesting of
more than 1/8 the total plantation during the first rotation may be desirable. In such
cases, uniform annual harvests(by area) are delayed until the second rotation and sustained
yields are not reached until the third rotation.

A tree farm would first be clear cut of indigenous trees and all other vegetation by
hand, with burning if necessary. Lining out and digging of holes are done about a week
before planting of seedlings. When fertilizers are available, a few ounces would be worked:
into the soil two weeks and 7 months after planting. One clear weeding and two spot
weedings of about one meter radius would be done during the first year. Further:maintenance
is not foreseen. The total number of man-days required per hectare through the first
rotation is estimated at 110, broken down as follows: land preparation - 37; lining,
digging and planting - 19; replanting - 8; fertilizer application - 12.5; and weeding -

34 days. Singling, starting a year after the first harvest, requires 25 man-days per ha.

Seedlings would be raised in PICOP's nurseries. Seeds can be obtained locally, and
no shortage is likely during the project life. Although some improvement in seed genetic
quality (perhaps reflected in improved form and insect resistance) is likely through
provenance testing and mass selection, a tree impravement program is not considered essential
for this project.

Spacing Pia tree farms would be 4x4 m, with commercial thinnings likely after four
years. No estimates of thinning response are available, and thinning costs and returns were n
included in this appraisal. No severe pest or disease problems have occurred in Albizzia
plantations in the Philippines. However, scattered defoliation by the larvae of a certain
yellow butterfly has been noted. Fire risk in the project area is minimal.

Farmers woulal receive free support services from PICO'''. The Company maintains a
well organized and well-staffed Agro-Forestry Deparment with extension offices throughout
the project area. In addition to seedlings, which would be supplied at cost, PICOP would
provide the following types of technical assistance to farmers; (i) locating and/or
acquiring ownership of vacant alienable and disposable lands, (ii) technical adviçe in
subdividing agro-farms for tree growing and food crops/livestock production, and (iii)
technical advice on establishing and managing tree crops. PICOP also plans to continue

its program of research on insect control. In addition, DBP has budgeted for a professional
forester to assist in project appraisals and to coordinate with PICOP on technical matters.
This forester would be responsible for safeguarding the interests of the farmers by
(i) studying the development of markets competitive with PICOP and, if necessary, organizing
marketing cooperatives; (ii) periodically scaling tree farm harvests to check PICOP
estimates at mill site;(iii) appraising sites and their suitability for tree farming before
loans are approvediand (iv) providing other technical advice that might be required.

1/ Site.index is defined as the average total height in meters of dominant and
co-dominant trees at 10 years of age. The yield table is reproduced as Appendix 2.
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Summary of Inputs and Outputs

From the above technical description, a summary of the magnitudes and timing of
inputs and outputs (costs and benefits) can be derived. Due to lack of more precise in-
formation on variability among project farms, all inputs and outputs and costs and benefits
are estimated on an "average" farm basis, assuming an annual planting rate of 2 ha per year
for the first four years. All estimates are based on PICOP's planting experience to date.
Table 2 shows the number of ha involved each year for an "average" 10 ha farm, and Table 3
shows the magnitudes and the timing of inputs and outputs for such a 10 ha farm.

C. VALUING COSTS AND BENEFITS

Financial Gosts and Benefits

Unit costs by input type are shown in Col. 3 of Table 4. Combining the cost figures
. from Table 4 with the information on timing and magnitude of inputs in Table 3, the
financial cost figures for tree farming for the typical 10 ha farm are estimated in Table 5.
In addition, the cost to the farmer of the DBP loan are also given in Table 5. The loan,
given at 12percent compound interest with a seven-year grace period on repayment of interest
(i.e., first repayment in year 7) and nine years on repayment of principal covers 75 percent
of the total cost to the farmer. The loan repayments are derived as shown in Appendix 3.

On the benefit side, wood produced by project farms would be easily absorbed by PIOOP.
Market demand for paper and paperboard is expected to grow considerably in the Philippines
and iA Japan, the principal export market. Total demand in the Philippines is expected to
be 800 000 tons in 1985 compared with 420 000 tons in 1975. Production is expected to
increase more slowly from 375 000 tons in 1975 to 420 000 tons in 1985. It is estimated
that approximately 500 000 mi per year of Albizzia wood could be utilized to meet PICOP's
present capacity. The first harvest 7om project tree farms would not take place until
1981 andyield will be about 284 000 m by 1985.

PICOP actually pays P60 per cubic metre of wood and is willing to "subsidize" the
hauling costs another P10. For the typical farm at a hauling distance of 75 km, total
hauling costs are estimated at F27 per cubic metre. Harvesting costs are3estimated at P13
per cubic metre. Therefore the resulting average stumpage value is P30/m fi.e.(P60 + P10) -

(P27 + P13)_7.

All financial benefits are assumed to materialize at the time of final harvest.
Revenues from commercial thinnings and alterations in residual growth as a result of
thinnings are excluded from the analysis. Combining outputs given in Table 3 with a unit
value equal to P30 per cubic metre, financial benefits can be estimated. They are shown
on line 2, Table 5.

Economic Costs and Benefits

Te economic value of,benefits was taken to be equal to the financial value of
P30 per m', as derived above.-V The value is based on What PICOP is actually willing to
pay for wood at the time of this appraisal. There was no basis on which to estimate the
potential real value increase that might take place during the project period, Thus

Ideally, since the paper to be produced with project wood will substitute for imports,
the economic value of the benefits should be based on the import substitution value, or
the foreign exchange saved, appropriately shadow priced to account for over or under-
evaluation of foreign exchange. However, data to derive such a value for the wood
component are not available. Thus, benefits were estimated on the basis of PICOP's
willingness to pay for the wood, which was taken as an approximation of the real value
derived from import substitution. It is considered a coneervative figure.
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thinnings are excludeii from the ·analysis. Combining outputs given in Table :3 with a unit 
value equal to P30 per cubic metre, financial benefits can be estimated. They are shown 
on line 2, Table 5. 

Economic C.J sts and Benefits 

28. The economic value of.benehts was taken to be equal to the financial value of 
P30 per ~3, as derived above.lI The value is based on what PICOP is actually willing to 
p~ for wood at the time of this appraisal. There was no basis on which to estimate the 
potential real value increase that might take place during the project period. Thus 

illdeally, since the paper to be produced with project wood will substitute for imports, 
the economic value of the benefits should be based on the import substitution value, or 
the foreign exchange saved, appropriately shadow priced to account for over or unde~ 
evaluation of foreign exchange. l'Iowever, data to derive such a value for the wood 
component are not available. Thus, benefits were estimated on the basis of PICOF's 
willingness to p~ for the wood, which was taken as an approximation of the real value 
derived from import substitution. It is considered a con.servative figure. 



Table 2- Physical Inputs/Outputs, 10 ha Farm

1/ Planting input includes land preparation, purchase of seedlings, lining,
digging, planting, replanting, fertilizing twice, and three first year
weedings.

21 Numbers in parenthesis indicate age of stand being harvested.

3/ The second and third rotations (at least) are based on coppicing.

Activities

Second & Later Roatations

Establishment Singling Weeding Harvest
Years

Inputs Input Input Output 2/

- - - - - - number of ha

0 2

1 2

2 2

3 2

4

5

6

7 i i (7)

8 1 1 1(8)
9 1 1 1(8)

lo 1 i i (9)

11 1 1 1 (9)

12 1 1 1 (10)

13 1 1 1 (10)

14 1 1 1 (11)

15 and on 2/

Years 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 and on ]/ 

Table 2 - Physical Inputs/Outputs, 10 ha Fann 

- - - - - - - - - - - - - - Activities - - - - - - - - - - - - - - -

Establishment 

Inputs 11 

Second & Later Roatations 

Singling 

Input 

Weeding 

Input 

Harvest 

Output Y 

- - - - - - - - - _ - - - number of ha - - - - - - - - - - - - - - -

2 

2 

2 

2 

1 

1 

1 

1 

1 1 

1 1 

1 

1 

1 

1 

(7) 

(8) 

(8) 

(9) 

(9) 

(1 0) 

(10) 

(11 ) 

11 Planting .input includes land preparation, purchase of seedlings, lining, 
digging, planting, replanting, fertilizing twice, and three first year 
weedings. 

Y Numbers in parenthesis indicate age of stand being harvested. 

]/ The second and third rotations (at least) are based on coppicing. 



Singling

Outpw:,
Puipwoodli
stumpage,--,1 in(r)

1seedling/s-a no.

Table 3 - Timin and Ma nitudes of Ph sical In uts and t .uta for

1200 1200 1200 1200

Replanting

labour m.d. 16 16 16 16

seedlings21 no. 300 300 300 300

Fertilization
6

labour m.d. 25 25 25 25 4
Certilizer kg. 4 4 4 4 6

Weeding m.d. 68 68 68 68 34 34 34 34 34 34 34 34 34

Assumed "Average" 10 ha Farm

Item Units/year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
and on

Input;
Lani preparation m.d. 74 74 74 74
lining, digging
and planting

laboui, M.d. 38 38 38 38
,

m.d. 25 25 25 25 25 25 25 25

184.1 205.8 205.8 227.0 227.0 247.8 247.8 268.2 205.8

1/Seedling production involves 13 m.d. of labour. Rest of cost is materials.

Assumed that 20 percent would have,to be replanted on the average.

,31
Baed Appendix 3, usint: oite index 30 and ages of stands harvested as shown in Table 2.
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Assumed "Average" 10 ha Farm 

It em Units/year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
and on 

rnpll~,'; 

Lan'.:' preparat ion m.d. 74 74 74 74 
lining , dieeine 
and plantinl', 

labo'-1. 1~ m.d. 38 38 38 38 
seeclline'Y' no. 1200 1200 1200 1200 

Replanting 

labour m.d. 16 16 16 16 

seedling".?! no. 300 300 300 300 

Fertilizatior. 

labour m.d. 25 25 25 25 -.l 

fertilizer k(;. 4 4 4 4 

WeeDing m.d. 68 68 68 68 34 34 34 34 34 34 34 34 34 

Singling m.d. 25 25 25 25 25 25 2? 25 

Out Pl: ' 
PUIPWOOd]/ 
stumpaee3 m3(r) 184.1 205.8 205.8 227.0 227.0 247.8 247.8 268.2 205.8 

!lseeuline production involves 13 m.d. ot labour. Rest of cost ia materials. y 
AAsum~d that 20 percent would have to be replanted on the average. , 

]/ 
Da :'; ~d Appendix 3, usinl: :dte index 30 and ages of stands harvested as shown in Table 2. 



the Financial and Economic Analyses

1/./ deriv-ed on the basis of estimated production for home consumption

and alternative employment given up by a farm family in order to

establish and maintain 8 ha of planta-ticms.

Assumed to be the same as the financial cost

21 Seedling production costs are 80 pement labour and 20 percent materials.

Thus, 80 percent of the P8.7 financial cost, i.e. P6.7, was reduced by half to

reflect the shadow wage of P4 instead of the financial wage of P8. The shadowthus
price for seedlings was/calculated as follows: P8.7(.80)(P4/138) + P8.7(.23)=P5.22

d/ The shadow price for output (stumpage) was considered to be close to the

financial Price, given the information available. 'Phus the financial price

was used.

(pesos/unit)

(1) (2) (3) (4)

Item Units Financial Economic
Value/Unit Cost

Labour m.d. 8

Fertilizer kg. 25 25"

Seedlings 100 8.7

Output m3(r) 30 30_

Tab le 4 Unit Costs Used in

(1) 

Item 

Labour 

Fertilizer 

Seedlings 

Output 

Table . 4 - Unit Costs Used in 

the Financial and Economio Analyses 

(pesos/unit) 

(2) (3) 

Units Financial 
Valuejunit 

m.d. 8 

kg. 25 

100 8.7 

m3(r) 30 

(4) 
Economic 

Coat 

4Y 
25~ 
5.,p 

3rP 

Y derived on the basis of estimated production for home consumption 

and alternative employment given up by a fann family in order to 

establish and maintain 8 ha of plantations. 

~ -Assumed to be the same as the financial cost 

'21 Seedlin,o: production msta are 80 percent labour and 20 percent materials. 

Thus, 80 percent of the P8.7 financial cost, i.e. P6.7, was reduced by half to 

reflect the shadow W"€fh,f1[ P4 instead of the financial wage .<If p8. The shadow 

price for seedlings was/calculated as follows: P8.7(.80)(P4jP8) + P8.7(.2J)=P5.22 

EI The shadow price for output (stumpaee) .was considered to be close to the 

financial price, given the information available. ThUB the financial price 

was used. 



------------

Cash Receipts
Bank loans
Sales
Total

Cash Balance After
Loan Payments (50J) (500) (500) (500)

Table 5 Financial Cash Flow, 10 ha. Plantation

(value in constant pesos)

YEARS
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1.9

1500 1500 1500 1500 - - 1.;po

56-19 58107434 71ffil 8Oi36 51i4 60-4 60-4 60-
_ _ _

-
_ _

552 6174 6f74 4 474 13

1509 1500 1500 1500 - - - 5523 6174 6174 6810 5810 7434 7434 8046 5174 5174 6174 5174 6 74

Cash Disbursements
Land preparation 590 590 590 590 _ _ _ - - - _ _ _ _
Purchase seedlings 130 130 130 130 _ _ - - - - _ _ _
Lining/Dig/Plant 300 300 300 300 _ _ - - - - - _ _
Replanting 130 130 130 130 _ _ - - - - - - _ _ _ _
Fertilizing 300 300 300 300 _ _ _ - - - - - - - _ _ _

-
Weeding 550 550 550 550 - - - 275 275 275 275 275 275 275 275 275 275 27-5 2i5 i7,
Singling _ _ - - _ _ - 100 100 100 100 100 100 100 100 100 103 100 10
Total 2000 2000 2000 2000 - - - 275 375 375 375 375 375 375 375 375 375 375 375 --113

Loan Payments
Accum. interest 3200 3050

17. Princ. interest _ 1459 1459 1459 1459 1459 1459

Total 3200 3050 1459 1459 1459 1459 1459 1459

2048 2749 4340 4976 4976 5600 5600 6212 5799 5799 5799 5799 5799

Table 5 FInanci.l Cash Flow, to h •. Plantation 

(volue in constant pesos) 

-------------------------.-------------------------------V EAR S----------------------------------_______________________________ 00 

o 2 3' 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1,-----.-- ------------- . -- - -- - . _ ... . ----
Cash Receipts 

1. 3.1nk loans 
2. Sdlcs 

Total 

Cash Disbursements 
3, land preparation 
4. Purchase seedlings 
5. Lining/ Oig/Plant. 
6. Replilnting 
7. Fertili zing 
O. Weeding 
9. Singling 

Tot.l 

loan Payments 
10. AcculA. intE:rest 
11. Prine . & interest 

Total 

(ash Balance After 
loan PaYlllcnts 

1500 1 510 1 5a~ 1500 

590 5'?O 590 590 
131 130 130 130 
300 3)0 300 300 
130 130 130 130 
300 300 30~ 300 
550 5;1) 550 550 275 275 275 275 275 275 275 275 275 275 275 275 j" 

100 100 100 100 100 100 100 10') 100 10' 100 100 
2000 20')0 2000 2001) 275 375 375 375 375 375 375 375 375 375 -375 375 -,1} 

)200 3050 c 
1459 1459 14 59 IG59 1459 1459 

3200 3'150 1459 1459 11.59 14 59 1459 1459 

(SOd ) ( :)~J) (~OOJ (:>00) 2048 2749 4340 4976 4976 · 50 00 5600 6212 5/99 5799 5799 5799 5799 

I 

'" 
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benefits were assumed to remain constant in real terms per unit of output over the project
life. Benefits from trees sold from the land clearing were excluded from project benefitss
since this value could be obtained with or without the project. Since there was no basis
on which to estimate potential net benefits frdm thinnings, they were not included in the
analysis. Thus, the total project benefit figure can be considered as being conservative.
Total economic benefits are shown on line 2 of Table 6, which is the basic value flow table
for the "average" 10 ha farm.

Also, due to the lack of data, all economic costs, except labour costs, are estimated
on the basis of their financial values. Labour is shadowpriced at P4/day. Derivation of
real labour costs for a 10 ha farm is shown in Table 4.

Total economic costs for the average 10 ha farm are shown in Table 6. These include
the costs of extension services provided through halfday visits per year per tree farm at
P50 per visit.

D. COMPARING COSTS AND BENEFTTS

Financial and Economic Rates of Return

On the basis of the assumptions above the financial rate of return for a 10 ha tree
farm over 2D years would be about 39 percent. The'economic rate of return for a period of
16 years is about 32 percent.

Sensitivity Analysia

Several of the original assumptions of the financial and the economic analyses were
baaed upon uncertain data or are administratively determined. It is likely that prices
and quantities of inputs and outputs will turn out to be different than originally assumed.
It is also possible that some of the administrative assumptions (e.g. the fixed loan amount
and the four year initial planting schedule) may be changed in the future. In order to test
the sensitivity of the financial and economic rates of return to such possibilities, a
sensitivity analysis was conducted. Table 7 presente the results of such analysis.

First, the period of time used for both financial and economic analyses was lengthened
to 31 years, which corresponds to two coppice rotations in addition to the first rotation. 1/
Since the original financial and economic analyses were conducted for different periods
of time (19 years and 15 years respectively), the extended period of analysis allows for
more meaningful comparisons between financial and economic rates of return for a given set
of assumptions. The financial rate of return is only slightly increased by the extended
period of analysis (0.4 percent), but the economic rate of return is more significantly
increased (by about 1%) since the period of economic analysis was substantially shorter
originally (See Table 7). All further sets of assumptions used in the sensitivity analysis
are also analyzed for the extended (31 year) period. 21

349 Second, the four year initial planting period of two hectares per year was changed
to an eight year sustained planting period of one hectare per year (Assumption Set 2).
The two hectare per year planting rate caused initial costs to be carried over longer
periods of time than necessary without providing significant benefits any earlier, which

1/ The 31 year period of analysis.corresvonds to two coppice rotations only when
harvests begin in the ninth year and continue annually, assuming an eight year
rotation. This is the case fór all sets of assumptions used'in the sensitivity
analysis, except for one assuming a six year rotation. Also, for the original
set of assumptions, the 31 year period corresponds to one year more than two
coppices, since harvesting was advanced to the eighth year.

2/ All calculations were also carried out for 23 years (one coppice rotation), but
there was little difference between 23 and 31 years. Therefore the analysis uses
only the latter period.
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benefits were assumed to remain constant in real tenns per unit of output over the project 
life. Benefits from trees sold from the land clearing were excluded from project benefits, 
sinoe this value could be obtained with or without the project. Since there was no basis 
on which to estimate potential net benefits from thinnings, they were not included in the 
analysis. Thus, the total project benefit figure can be considered as being conservative. 
Total economic benefits are shown on line 2 of Table 6, which is the basic value flow table 
:for the "average" 10 ha farm. 

29. Also, due to the lack of data, all economic costs, except labour costs, are estimated 
on the basis of their financial values. Labour is shadow-priced at P4/d~. Derivation of 
real labour costs for a 10 ha fann is shown in Table 4. . 

30. Total economic costs for the average 10 ha fann are shown in Table 6. These include 
the costs of extension services provided through half-d~ visits per year per tree rann at 
P50 per visit. 
D. COMPARING COSTS AND BENEFITS 

Financial and Economic Rates of Return 
31. On the basis of the assumptions above the financial rate of return for a 10 ha tree 
fann over <b years would be about 39 percent. The' economic rate of return for a period of 
16 years is about 32 percent. 

Sensitivity Ana5rsis 

32. Several of the original assumptions of the financial and the economic analyses were 
based upon uncertain data or are administratively detennined. It is likely that prioes 
and quantities of inputs and outputs will tum out to be different than originally assumed. 
It is also possible that some of the administrative assumptions (e.g. the fixed loan amount 
and the four year initial planting schedule) m~ be changed in the future. In order to test 
the sensitivity of the financial and eoonomio rates of return to such possibilities, a 
sensitivity analysis was oonduoted. Table 7 presents the results of suoh analysis. 

33. First, the period of time used for both financial and eoonomio analyses was lengthened 
t? 31 years,.whioh oorres~nds to two c?ppice rotations in addition to the first rotation. 11 
Slnce the orlglnal flnanclal and economlO analyses were oonduoted for different periods 
of time (19 years and 15 years respectively), the extended period of analysis allows for 
more meaningful comparisons between financial and ecpnomic rates of return for a given set 
of assumptions. The financial rate of return is only slightly increased by the extended 
period of analysis (0.4 percent), but the economic rate of return is more significantly 
increased (by about 1%) since the period of economic analysis was substantially shorter 
originally (See Table 7). All further sets of assumptions used in the sensitivity analysis 
are also analyzed for the extended (31 year) period. £I 
34. Second, the four year initial planting period of two hectares per year was changed 
to an eight year sustained planting period of one hectare per year (Assumption Set 2). 
The two hectare per year planting rate caused initial costs to be carried over longer 
periods of time than necessary without providing significant benefits any earlier, which 

11 The 31 year period of analysis . corresponds to two coppice rctations only when 
harvests begin in the ninth year and continue annually, assuming an eight year 
rotation. This is the case for all sets of assumptions used in the sensitivity 
analysis, except for one assuming a six year rotation. Also, for the original 
set of assumptions, the 31 year period corresponds to one year more than two 
coppices, since harvesting was advanced to the eighth year. 

£! All calculations were also carried out for 23 years (one coppice rotation), but 
there was little difference between 23 and 31 years. Therefore the analysis uses 
only the latter period. 



Table 6. Economic Value Flow, 10 ha Plantation (value in constant pesos)

Years
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

552-3 617- 4 6174 6810 68-10 7434 74- 34 80-46 61-74

5523 6174 6174 6810 6810 7434 7434 8046 6174

Land Preparation 295 295 295 295 - - - - - - - - - - - -
Purchase of seedlings 78 78 78 78 - - - - - - - - - - -
Lining/Dig/Plant 150 150 150 150 - - - - - - - - - -

Replanting 65 65 65 65 - - - - - - - - - - -

Fertilizing 200 200 200 200 - - - - - - - - - - -
Weeding 275 275 275 275 - - - 137 137 137 137 137 137 137 137 137
Singling - - - - - - - - 50 50 50 50 50 50 50 50

Administrative 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

TOTAL 1163 1163 1163 1163 100 100 100 237 287 287 287 287 287 287 287 287

Net Benefits (costs) (1163) (1163) (1163) (1163) (100) (100) (100) 5286 5881 5881 6522 6522 7147 7147 7559 5887

Benefits

Thinning
Harvest

TOTAL

Costs

Table 6. Econcrnic Va!lle Fla.Y', 10 ha Plant..ation (value in constant pesos) 

- - - - - - - - - - - - - - - - - - - - - - - - - Years ------------------------ ---- -
a 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Benefits 

1- 'lhinning 
2. Harvest 5523 6174 6174 6810 6810 7434 7434 8046 6174 

rorAL 5523 6174 6174 6810 6810 7434 7434 8046 6174 

OOsts 

3. I..and Preparation 295 295 295 295 -4. Purchase of seedlings 78 78 78 78 -
5. LiningjDig/plant 150 150 150 150 
6. ~planting 65 65 65 65 
7. Fertilizing 200 200 200 200 
8.· Weeding 275 275 275 275 137 137 137 137 137 137 137 137 137 
9. Singling 50 50 50 50 50 50 · 50 50 

10. Administrative 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

rorAL 1163 1163 1163 1163 100 100 100 237 287 287 287 287 287 287 287 287 

Net Benefits (costs) (1163) (1163) (1163) (1163) (100) (100) (100) 5206 5881 5881 6522 6522 .. 7147 7147 7559 5887 
, 
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therefore depressed both the financial and economic rates of return. 1/ Adopting the
sustained planting assumption, the financial rate of return increased by about 2% and
the economic rate by almost 1%. Since this sustained planting assumption drops the adminis-
trative assumption of planting two hectares per year and harvesting only one, it measures
the actual rate of return for each hectare assuming an eight year rotation. Therefore,
this set of assumptions was used as the base for the sensitivity analysis.

In order to assess changes in financial profitability of an average farm induced
by different alternative loan policies, the first changes in assumptions were applied to
the loan the smallholders received from DBP. In Assumption Set 3 (see Table 7) the loan
was assumed to be half as large (to cover 3/8 of establishments costs) as the original
loan, which caused the financial rate of return to drop by 10 percent to 31.4 percent.
When the loan was assumed to be eliminated entirely in Assumption Set 4, the rate of
return dropped by a further 4 percent, to an FRR of 27.1 percent.

One factor which by definition must be variable is transportation cost. The economic
hauling distance varies from zero to 100 kilometers. The financial and economic rates of
return for an "average" plantation would be highest if it was located adjacent to the mill
(zero hauling distance) and lowest if it was located 100 kilometers from the mill (the
maximum distance considered). To test the maximum sensitivity to hauling cost it was
necessary only to calculate the rates of return for the extreme distances. Translated
into benefit (revenue) terms, a plantation located adjacent to the mill would have a

23.33% revenue increase in the financial analysis and a 56.67% benefit increase in the
economic analysis. 2/ Thus, for a plantation located adjacent to the mill the financial
rate of return would increase by 5% over the rate of a plantation located 75 kilometers
from the mill, and the economic rate of return would increase by about 7%, (as shown in

Assumption Set 5). Fora plantation located 100 kilometers from themill both the financial
revenue and economic benefits would be decreased by 9.3%. 3/ In this case, the financial

rate of return dropped by 2.3% and the economic rate by 1.57 (see Assumption Set 6).

The sensitivity analysis considers two other decreased benefit (revenue) assumptions,
which could be caused by one or more of the factors discussed earlier. Assumption Set 7

assumes that benefits (revenues) are 25% lower, which results in a decline in the financial

rate of return of 7% and in the economic rate of 4%. Assumption Set 8 assumes that benefits

(revenues) are 50% lower. Under this assumption the financial rate of return drops by 18%

and the economic rate by 10%.

1/ Under the original two hectare per year planting rate, harvests were begun one year

earlier (age 7 or year 8), but this was merely an administratEvedecision which could

also have been made with the sustained (8 year) tolanting assumption. If it was

necessary for PICOP to obtain supplies of Albizzia earlier than in the ninth year,

it would perhaps have been better to initially pay higher delivered prices for

Albizzia, thereby encouraging earlier planting and shorter initial rotations.

In that case it probably would have been necessary for smallholders to plant their

entire eight hectares earlier and to vary their first rotation cutting in order to

meet PICOP's immediate needs, but higher prices could then justify such planting

and harvesting.

2/ Any other single factór or combination of factors (including transportation cost)

which would cause benefits (revenue) to increase by these amounts would have the

same effect on the rates of return. Thus, this sensitivity analysis could be used

to test a number of changes.

3/ An increa5e in transportation cost of P 2.79/m3 is a 9.3% increase in a base price

of P 30/m-.

, 

I 

1 

- 12 -

therefore depressed both the financial and economic rates of return. 11 Adopting the 
sustained planting assumption, the financial rate of return increased by about 2% and 
the economic rate by almost 1%. Since this sustained planting assumption drops the adminis­
trative assumption of planting two hectares per year and harvesting only one, it measures 
the actual rate of return for each hectare assuming an eight year rotation. Therefore , 
this set of assumptions was used as the base for the sensitivity analysis. 

35. In order to assess changes in financial profitability of an average farm induced 
by different alternative loan policies, the first changes in assumptions were applied to 
the loan the smallholders received from DBP. In Assumption Set 3 (see Table 7) the loan 
was assumed to be half as large (to cover 3/8 of establishments costs) as the original 
loan, which caused the financial rate of return to drop by 10 percent to 31.4 percent . 
When the loan was assumed to be eliminated entirely in Assumption Set 4, the rate of 
return dropped by a further 4 percent, to an FRR of 27.1 percent. 

36. One factor .which by definition must be variable is transportation cost. The economic 
hauling distance varies from zero to 100 kilometers. The financial and economic rates of 
return for an "average " plantation would be highest if it was located adjacent to the mill 
(zero hauling distance ) and lowest if it was located 100 kilometers from the mill (the 
maximum distance considered). To test the maximum sensitivity to hauling cost it was 
necessary only to calculate the rates of return for the extreme distances. Translated 
into benefit (revenue) terms, a plantation located adjacent to the mill would have a 
23.33% revenue increase in the financial analysis and a 56.67% benefit increase in the 
economic analysis. ~I Thus,. for a plantation located adjacent to the mill the financial 
rate of retl~ would increase by 5% over the rate of a plantation located 75 kilometers 
from the mill, and the economic r ate of return would increase by about 7%, (as shown in 
Assumption Set 5). For a plantation located 100 kilometers from the'mill both the financial 
revenue and economic benefits would be decreased by 9.3%. Jl In this case, the financial 
rate of return dropped by 2.3% and the economic rate by 1.5% (see Assumption Set 6). 

37. The sensitivity analysis considers two other decreased benefit ( revenue ) assumptions, 
which could be caused by one or more of the factors discussed earlier. Assumption Set 7 
assume~ that benefit s (revenues) are 2~% lower, which resul ts in a decline in the financial 
rate of return of 7% and in the economic rate of 4%. Assumption Set 8 assumes that benefits 
(revenues) are 50% lower. Under this assumption the financial rate of return drops by 18% 
and the economic rate by 1~. 

Under the original two hectare per year planting rate, harvests wer~ ~egun ~ne year 
earlier (age 7 or year 8), but this was merel y an administra~vedec,s,on wh,ch could 
also have been made with the sustained (8 year) planting assumpt,on. If.'t was 
necessary for PICOP to obtain supplies of Albizzia earlier th~ in the.n,nth year, 
it would perhaps have been better to initially p~y higher del~vered pr,ces for 
Albizzia, thereby encourar,inr. earlier planting and shorter lnltlal rqtatlons. . 
In that case it probably ',;ould have been necessary for smallholders. to plant then 
entire ei~ht hectares earlier and to vary their firs t rotation ?uttlng In ord~r to 
meet PICOP's immediate needs, but higher prices could then just,fy such plant,ng 
and harvestinf' _ 

~/ A"'lv other s"ln"le factor or combination of factors (incl uding transportation cost) 
t-lh':i ch Hould G~use benef:i ts (revenue) to increase by these amounts ~ould have the 
same effect on the rates of return. Thus, this sens i ti vi ty analysls could be used 
to test a number of changes. 

I t t · t f P 2 791m3 's a 9.3~ increase in a base price 2. An increa~e in t ranspor a lon cos 0 • • ~ 

of P 301m. 
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38, Three cost changes were tested for their effects on the rates of return. First, in

Assumption Set 9 labor cost was assumed to be 25% higher than originally, which could. be

due to hirher wages (shadow wages) and/or lower productivity. The finanpial rate of return
under this assumption was 10% lower, and the economic rate was 31 lower. Second, in

Assumption Set 10 labor cost was assumed to be 50% higher than originally, which lowered
the financial rate of return another 5% and lowered the economic rate of return an additional

2%. 1/ And third, it was assumed in Assumption Set 11 that fertilizer cost was twice
as high, which decreased the financial rate by 2% and the economic rate by 1%.

39. Even though most of the assumption changes had a larre effect on both rates of
return, and especially the financial rate, no assumption change reduced either rate below

20%. This apparently suggests that the project is acceptable, both eeonomically to the
country and financially to the smallholder,under, a wide range of alternative assumrtions
concerning costs and returns.

Table 7 Sensitivity Analysis

1/ Increased labor cost assumptions had a greater effect on the financial rate of

return because financial labor cost was twice as high as the (50% shadow priced)

economic labor cost.

Original assumption New assumption set Internal Rate of Return (fl --T
Financial Analysis Fconomie Analysir

(31 years) (31 years)

1. Oripinal assumption Same 39.4 33.2

2. 2 ha per year for
4 years

Sustained Planting (SP)
(1 ha/year fcr 8 years) 41.8 31.9

. P 1500 loan for each
of first 4 years

Sustained Planting (SP) 31.4

. Same SP no loan 27.1 _

5. Hauling distance
75 km

SP hauling distance 0 km 47.2 ill.

. Same SF hauling distance 100 km "1.9.5 32.4

. Original revenues
(benefits)

SP Revenues (benefits) 3/1.5 29.5

. Sane SP Revenues (benefits)
50 percent lower

21,7 23.5

9. Original labour
costs

SP labour costs 25 percent
higher

31.8 31.2

10. Same SP labour costs 50 percent
higher

26.4 29.1

Original fertilizer SP fertilizer cost doubled 39.0 32.8
cost
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38. Three cost changes were tested for their effects on the ~tes of return. First, in 
Ass'llTll'tion Set 9 labor cost was assumed to be 25% higher than orl.llinally, which cO'lld. be 
due to hi/iher wages (shadow wages) and/or lower productivity. The financi.al rate of ret'lrn 
under this aSS1lmption \'las 10% lower, and the economic rate \-ras 30;.., lowe r . Second, in 
Assumption Set 10 labor cost was assumed to be 50% higher than ori/iinally, Nhich lo>!erp.d. 
the financial rate of return another 5% and lowered the economic rate of return an additional 
2%. 11 And third, it was assumed in Assumption Set 11 that fertil izer cost 1'10.8 t;rice 
as high, >!hich decreased the financial rate by 2% and, the economic rate b:r 1'1>. 

39. Even thoup:h most of the ass',mption changes had a l.arge eFect on both rates of 
retnrn, and especially the financial rate, no assumption chanr.;e reduced either rate be]ow 
2Cf'!,. This apparently suegests that the project is acceptable, both ecoY!omjcall~r to the 
country and financially to the smallholder,under a wide range of alternatjvp: as~umT"ltjons 

concerninr costs and returns. 

1 • 

2. 

3. 

4. 

5· 

6. 

7. 

8 . 

9. 

10. 

11 • 

Original aSs1lmption 

0riq-inal assumption 

2 ha per year for 
4 ."ears 

P 1500 loan for each 
of first 4 years 

Same 

Haulinv. distance 
75 km 

Same 

Original revenues 
(benefits) 

Same 

Original labour 
costs 

Same 

Original fertilizer 
cost 

Table 7 - Sensitivity Analysis 

}lew assumption set Internal Rate of Ret.urn (If) i 
F'i n:;tncial Ana1ysis Er.onomio Ana.1YSl ~ 

( 31 years) ( ,1 years) 

Same 39.11 13.2 

Sll.tain.ed Plantin!, (SP) 
( 1 ha/year f0T 8 years) 41.8 51.9 

Sustained Planting (Sp) 31.4 -

sp - no loan 27.1 -

SP - haul inFo distanr-e 0 km 47.2 41.3 

SP - ha.1l.] ing distant;e 100 km "3? I) 32.4 

SP - RevenueB (benefi t") 34 • 'i 29. ~ 

SP - "Reven'le s (be~efj t") n.? ?3.'i 
')0 p€'rcent 1m·ser 

SP - labour costs 25 percent 31.8 31.2 
higher 

SP - labour costs 50 percent 26.4 29.1 
higher 

SP - fertilizer cost doubled 39.0 32.8 

Increased labor cost ~ssumptions had a greater effect on the financial rate of 
return because financial labor cost was tHice as hiF,h as the (50% shadow priced) 
eoonomic labor cost. 
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APPENDIX 2

Yields by Site Index of Albi7zia Falcateria

* up to 10 cm top diameter inside bark not including branches, 2 x 3 m initial
spacing, weeded first and second year, no thinnina.

Age 18 26 28 30 32 34 90

2 22.1 48.0 56.1 64.8 74.2 84.3 189.2

3 31.2 67.3 78.6 90.9 104.0 118.1 26.2
4 39.6 85.6 99.9 119.5 132.2 150.1 137.1

5 47.7 103.0 120.4 139.1 159.1 180.8 406.0
6 55.5 119.9 140.1 161.9 185.4 210. 172.6

7 63.0 136.4 159.3 184.1 210.8 219.4 )-' ell

8 70.9 152.4 178.1 205.8 239.6 267.6 dOO.7

9 77.8 168.2 196.4 227.0 259.9 295.2 662.6
10 84.9 183.6 214.5 247.8 281.7 122.2 723.4

11 91.9 198.8 212.2 268.2 107.2 348.9 781.2
12 98.9 211.7 249.6 288.5 330.3 375.1 P42.1

13 109.7 228.5 266.9 108.4 353.1 401.0 400.2

14 112.4 243.0 283.9 323.1 375.6 42C.5 997.6

i 5 119.0 257.4 300.7 347.5 397.9 451.8 1014.0

- 17.-
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~e '18 26 28 30 32 34 50 

2 22.3 48.0 56.1 64.8 74.2 84.3 189.2 
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7 63.0 136.4 159.3 184.1 210.8 239.4 5:'7.4 

8 70.5 152.4 178.1 205.8 235.6 267.6 600.7 

9 77 .8 168.2 196.4 227.0 2';9.9 295.2 662.6 

10 84.9 183.6 214·5 247.8 283.7 322.2 723.4 
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Year
Loan
Amount 1/

Total

Interest due beginning year 7
Amount paid in year 7

Pemaining interest due
Principal outstanding (4x$1 500)
Total loan outstanding
One year's interest 12%

Total interest due 3/ in year 8

A = P 6,000

- 1.9

APPENDIX 3

Derivation of Farmer Loan Repayments

Interest Due At
End of Year 7 (Beginning of year 8)

r-
.12(1.12)6

(1.12)6-1

5280

5,280 2/
3,200 /
2,080

6,000
8,080

970
3,050

The annual repayments of the loan for years 9 14 (line 11, Table 5)
are derived as follows:

P 6,000 (0.2432) = P 1459

The factor in parentheses is called the "capital recovery multiplier",
and is riven as follows:

i(1+1)11

(1+i)T1-1

The value of this multiplier can be found in nost tables of compound and
discount fantors.

1/ Assuming 2 ha planted per year at a total annual cost equal to P 2000 (Table 2).
75 percent of this amount, or P 1500, is covered by the Bank loan.

2/ Arbitrarily set at this level in order to keep interest payments in years 7
and 8 approximately equal.

3/ P 2080 plus F 970.

o F 1,500 P 1816

1 P 1,500 P 1461

2 P 1,500 P 1143

3 P 1,900 P 860

-1.9 ... 
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P 1143 
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P 5280 

P 5,280 2/ 
P 3,200 -
P 2,080 
P 6,000 
P 8,080 
P 970 
P 3,050 

~~e annual repayments of the loan . for years 9 - 14 (line 11, Table 5) 
are derived as follows: 

A 

= P 6,000 (0.2432) = P 14';9 

The factor in parentheses is called the "capital recoveD~ multiplier", 
and is riven as follows: 

The value of this multiplier can be found in nost tables of comp()lmd and 
diRCOunt factors • 

. -----------------------------. 
2/ Assuming 2 ha planted per year at a total annual cost equal to P 2000 (~'able ?). 

7') percent of this 'UTlount, or P 1500 , is covered by the Bank loa.n. 

~/ Arbitrarily set at this level in order to kp.ep interest payment~ in yearR 7 
and 8 approximately equal. 

]/ P 2080 plus P 970. 
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Preface

This is one in a series of case studies of forestry and forest industries projects
that has been prepared by the Food and Agriculture Organization of the United Nations
(FAO) in order to demonstrate methods of preparing and appraising projects in the forest
sector. The programe of case studies has been made possible by a special allocation
for this purpose from the Swedish International Development Authority (SIDA). This case
study has been prepared by FAO with the assistanoe of the College of Forestry at the
University of Minnesota.

The projeot reported on in this case study is a project of the Government of Korea
which has been assisted by a loan from the World Bank. The case study is based largely
on material contained in an appraisal of the project carried out by the World Bank
(Report No. 958a - KO). A field visit to the project provided further information.
The case study describes the project as it was perceived at the time of appraisal in
late 1975. This material has been releaeed to FAO by the World Bank and the Government
of Korea exclusively for the purpose of teaching forestry planning methods. It may not
be quoted or reproduced in part or in whole without permission.

- i -

Prefaoe 

This is one in a series of case studies of forestry and forest industries projects 
that has been prepared by the Pood and Agriculture Organization of the United Nations 
(PAO) in order to demonstrate methods of preparing and appraising projects in the forest 
seotor. The programme of case stUdies haa been made possible by a speoial allocation 
for this purpose from the Swedish International Development Authority (SIDA). This oase 
.tudy has been prepared by PAO with the assistanoe of the College of Forestry at the 
Univeraity of Minnesota. 

The projeot reported on in this case study is a project of the Government 'of Korea 
which haa been a •• isted by a loan from the World Bank. The caSe study is based largely 
on material contained in an appraisal of the projeot carried out by the World Bank 
(Report No. 958& - KO). A field visit to the project provided further information. 
The oaae study desoribes the projeot as it MaS peroeived at the time of appraisal in 
late 1975. This material haa been releassd to PAO by the World Bank and the Government 
of Korea exolusively for the purpose of teaching forestry planning methods. It may not 
be quoted or reproduoed in part or in whole without permission. 
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INTRODUCTION

The fuelwood project discussed here is part of an integrated rural development
programme in Korea. The overall programme was conceived as a means of improving the living
conditions and income earning potentials of some 15 000 villages within the Saemaul Undong
(New Community Movement), a community development programme in which villages set their own
development priorities and contribute, in kind or cash, to the selected projects.

In addition to the fuelwood plantations project analysed here, the integrated rural
development programme includes 66 irrigation projects, ranging from 50 to 700 ha in size,
35 upland development areas, 850 km of village roads, 200 bridges, water supplies for 2 000
villages, and 2 400 rural electrification schemes. The programme also includes several
supporting research components. The total cost of the fuelwood project discussed here is
$14 million, of which an estimated 5 percent would be foreign exchange.

The project would significantly reduce local shortage of:fuel by establishing about
11 000 village fuelwood blocks, covering about 127 000 ha. Subprojects would vary from 3
to 50 ha in size and be implemented in all Provinces, but concentrated in those which are
more densely populated where fuel shortages are most severe. The project would be an
extension of an ors-goieg programme to expand fuelwood plantations in Korea, which in 1975
had alread7 suocessfully covered more than half a million hectares.

Plantations would be eetablished by comunal labour, mostly on private land with few
alternative uses. Seedlings, fertiliser and technical assistance would be provided by
government agencies. Species used would typically contain a mixture of fuelwood and
timberproducing speoies with the proportion of timber epecies not exceeding 35 peroent.
The projeot inoludes eupport for faelwood research (vehicles, equipment and materials). The
research would addrees problems such as epecies selection, optimum spacing and fertilizer
us e

The present case study looks in detail at the economic appraisal of the Korean fuelwood
project. The case is divided into five sections. Section A provides some general back-
ground on the project and the appraisal of it. Section B gives a description of the
technical forestry elements of the project ami input requirements. Section C analysee
project costs, while Section D discusses output ami benefits. Finally, Section E provides
a oomparison of costs and benefits and looks at the sensitivity of the economic analysis
and the economic rate of return (ERR) to changes in assumptions.

This case study records an example of a successful forestry project designed to involve
and benefit the rural poor. Ons use of the study can thus be to illustrate the conditions
and arrangements that helped wake it possible and helped to ensure its successful implemen-
tation. 1/ Particular iesues of substanoe and concept that the user may mish to consider
inolude local organizational arrangements, coordination of villagelevel organization with
the broader regional and national elements of organiiation needed to implement the overall
project, and the concept of ami problems involved with the dual purpose (fuelwood and
timber) plantations that were made part of the project, Points of technique and organiza-
tion of the analysis include the.development of shadow prices, particularly for labour and
fuelwood output9 questions of timing and project period (final harvest output assumptions),
use of "average" per ha valuee in the analysis of the entire 127 000 ha included in the
nroject, and use of eensitivity analyeis to determine the sensitivity of project results

to changes in assumptions regarding input and output values.
A. APPRAISAL BACKGRCUND

The Need for Fuelwood

Basic to the forestry problem in Korea is the long period of extreme winter cold,
when the mean daily temperature is below freezing for almost three months. The heating
system commonly in use (the "ondol" system ) reauires large quantities of fuel (averaging
4.2 tons per annum for a household of 6 persons) and in rural areas has led to the almost
total impoverishment of those areas of forest Land which are adjacent to agricultural
communities. All areas of forest land have traditionally been regarded as freely ava'.1able
fpr fuelwood gathering and thereforo, control of harvest has been almost impossible to

.1.71SCLaiCC-71111.4, ...MIY1111{

1/ See also Case Stládylio.1,"Shilippine emallholder treefarming project", for an example
of another, but quite different, succeesful project for rural community development.
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impose. The supply of fuelwood is now quite inadequate to meet requirements and thus leaves,
grass, and forest litter are raked up for fuel. Rice straw, maize stalks and similar
agricultural residues are also used in large quantities. The removal of forest litter has
led to serious erosion and flooding problems and also to the lowering of soil fertility
levels, whilst the use of agricultural residues as fuel deprive the individual farmers of
a potential source of income, and the country of valuable raw materials (for composting,
thatching and the manufacture of rope and bags).

8. Recognizing the seriousness of the problem, the Government introduced early in 1973
the following series of measures:

(a) The Office of Forestry was placed under the Ministry of Home Affairs, thus
effectively strengthening its authority and ability to enforce forest
protection. At the same time, the status of the Provincial and County Forestry
OffiCes was raised and their staffs strengthened;

(b) A strong extension and publicity campaign was mounted, to inform the rural
population of the vital necessity of restoring forest cover to the land, and
to induce them to adopt the following fuel-saving methods:

Conversion of cooking and heating units to coal burning, where coal
supplies are adequate;

Improvement of the design of cooking stoves, for more efficient conversion
of fuel;

Replacement (under the Saemaul Movement) of thatched roofs by tile,
asbestos, and corrugated iron, thereby reducing the consumption of rice
straw for thatching;

Elimination of the practice of cooking all feed for working oxen; and

The introduction of methane gas producers (using animal manure) and
kerosene heaters;

(c) Enforcement of regulations forbidding the raking of leaves, grass and litter
within forest areas; and

(d) The introduction of a national reforestation scheme to create a well managed
fuelwood plantation for each village, the reforestation work to be carried
out by the villagers themselves.

9. Due in part to these new measures, standards of forest management in Korea improved
in the last years. The annual rate of reforestation with fuelwood plantations built up to
more than 30 000 ha per annum, ground vegetation began to develop in the absence of litter-
raking, and materials other than thatch for roofing gained widespread use. The forestry
Plantations were well laid out and survival of trees is high. Silvicultural treatment
and logistical facilities were also adequately planned. There do not seem to be any
problems of supervision either at the technical advisory level or at the village foreman
level.

Forest Land Tenure and Use

10. Of the land classified as forest, 73% is privately owned, 20% is in National Forests,
while the remaining 7% is Pdblic Forest (communally owned).

11. The National Forests are located mostly in gengweon Province, which is the more
mountainous and sparsely settled part of Korea. Therefore, the proportion of privately-
owned forest land is correspondingly higher in the other, largely agricultural, provinces
of the country. The private forest-land holdings are for the most part very small, as shown
in Table 1.
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of fuel; 

(iii) Replacement (under the Saemaul Movement) of thatched roofs by tile, 
asbestos, and corrugated iron, thereby reducing the consumption of rice 
straw for thatching; 

(iv) Elimination of the practice of cooking all feed for working oxen; and 

(v) The introduction of methane gas producers (using animal manure) and 
kerosene heaters; 

(c) Enforcement of regulations forbidding the raking of leaves, grass and litter 
within forest areas; and 

(d) The introduction of a national reforestation scheme to create a well managed 
fuel wood plantation for each village, the reforestation work to be carried 
out by the villagers themselves. 

9. Due in part to these new measures, standards of forest management in Korea improved 
in the last years. The annual rate of reforestation with fuelwood plantations built up to 
more than 30 000 ha per annum, ground vegetation began to develop in the absence of litter­
raking, and materials other than thatch for roofing gained widespread use. The forestry 
plantations were well laid out and survival of trees is high. Silvicultural treatment 
ana logistical facilities were also adequately planned. There do not seem to be any 
problems of supervision either at the technical advisory level or at the village foreman 
level. 

Forest Land Tenure and Use 

10. Of the land classified as forest, 73% is privately owned, 20% is in National Forests, 
while the remaining 7% is Public Forest (communally owned). 

11. The National Forests are located mostly in qengwe9n PrOvince, which is the more 
mountainous and sparsely settled part of Korea. Therefore, the proportion of privately­
owned forest land is correspondingly higher in the other, largely agricultural, provinces 
of the country. The private forest~land holdings are for the most part very small, as shown 
in Table 1. 
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12. Private forestland is used mostly for the gathering of fuel and is therefore usually
almost bare of trees or else carries impoverished pines less than 2 or 3 m high. Such land
is frequently most valued for its use as a family burial ground. Given the high proportion
of privatelyowned forest, it is clear that private forest land has to be used for the
establishment of village fuelwood plantations. As they are mostly umall farmers, the owners
are usually not able to bear the cost of planting the land themselves. Under the Forest
Development Law of 1973, the Village Forestry Associations (VFA's) are empowered to take
over the planting and management of private forest land under an agreement whereby the owner
retains the ownership of the land and is entitled to a 10% share of the fuelwood produced
from the plantations established upon it. The duration of the contract with the landowner
equals the nominal economic life of the species to be planted. This arrangement has
resulted in compact blocks of land being available for fuelwood plantations.

Table 1: Ownership Pattern of Private Forest Land

Holding Size
(ha)

Less than 1.0

1.0 10.0

10.0 100.0

More than 100.0

Total

Number of % of Total % of
Holdings Holdings Area (ha) Area

985,000 56.0 . 387,000 8.4

699,000 39.7 2,275 000 49.2

74,000 4.2 1,519,000 32.9

2,000 0.1 441,000 9.5

1,760,000 100.0 4,622,000 100.0

Source: World Bank Report 958a KO, Feb. 15, 1976.

B. TECHNICAL CONSIDERATIONS

Proposed Project Magnitude and Objectives

The establishment of village fuelwood plantations on a total of 127 000 ha in all
nine provinces of Korea is proposed for the project (Table 2)

Arising out of a recent survey, the fuelwood needs of most village3have been assessed
using a standard Uuelwood Forest Record. Based on the number of households and fireplaces
in the village, total fuel demand is calculated. The forest resources of the village are
assessed and, based on the availability of suitable land and of alternative fuels (such
as coal and kerosene), a judgement is made by the district Office of Forestry staff on the
size of fuelwood plantation needed. Priority in allocating government staff time and
materials to particular villages depends largely on the competence and enthusiasm of the
VFA but also on the village's own priorities, as expressed through its Saemaul Committee.
Priority is also given to villages with particularly acute shortages of fuel, which is the
reason for the concentration of the programme in the more densely populated provinces
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13. The establishment of village fuel wood plantations on a total of 127 000 ha in all 
nine provinces of Korea is proposed for the project (Table 2) 

14. Arising out of a recent survey, the fuelwood needs of most villag~have been assessed 
using a standard Fuelwood Forest Record. Based on the number of households and fireplaces 
in the village, total fuel demand is calculated. The forest resources of the village are 
assessed and, based on the availability of suitable land and of alternative fuels (such 
as coal and kerosene), a judgement is made by the district Office of Forestry staff on the 
size of fuelwood plantation needed. Priority in allocating government staff time and 
materials to particular \~llages depends largely on the competence and enthusiasm of the 
VFA but also on the village's own priorities, as expressed through its Saemaul Committee. 
Priority is also given to villages with particularly acute shortages of fuel, which is the 
reason for the concentration of the programme in the more densely populated prOvinces 



Total

Table 2: Provincial Distribution of the Fuelwood Component

No. of
Province sub-projects Area to be Planted (a)

1276 1967 Total

Gyeong-gi 1,220 2,400 7,000 9,400

Gang-weon 943 2,300 7,000 9,300

Chungcheong Bug 897 3,400 5,000 8,400

Chungcheong Nam 1,674 8,100 7,900 16,000

Geonra Bug 1,077 4,400 7,000 11,400

Jeonra Nam 2,240 10,100 15,000 25,100

Gyeongsang Bug 1,796 8,600 14,000 22,600

Gyeongsang Nam 1,231 10,200 13,600 23,800

Jeju 51 500 500 1,000

11,129 50,000 77,000 127,000

Source: World Bank Report 958-KO, Feb. 15, 1976

15. The survey showithat new or supplementary fuelwood blocks are required in about
11 100 villages and this is the basis for the proposed fuelwood project. Sub-projects for
each village would vary from 3 ha to about 50 ha, the smaller ones being intended to
supplement previously established plantations. The average sub-project size would be
11 ha. While fuelwood production would be the main purpose, about 30% of the trees
planted would be intended primarily for timber production (mainly for local house building
and, in some cases, for commercial uses), with fuelwood as a by-product. 1/ The main
objectives of the fuelwood project are as follows:

To stabilize a sustained supply system of fuelwood for the rural areas by the
eventual production of 640 000 tons of additional fuelwood annually;

To supply fuel for both forest owners and non-forest owners;

(e) To protect the forest through self-policing by Village Forestry Association
members;

(d) To enrich the natienal forest resource by the planting of timber-producing
species, as an admixture to the fuelwood species;

The percentage for each village block and region would vary depending on needs
and location.

Table 2: Provincial Distribution of the Fuelwood Component 

No. of 
Province sub-Erojects Area to be Planted (a) 

1976 .12§.l Total 

Gyeong--gi 1,220 2,400 7,000 9,400 

Gang--weon 943 2,300 7,000 9,300 

Chungcheong Bug 897 3,400 5,000 8,400 

Chungcheong N am 1,674 8,100 7,900 16,000 

Geonra Bug 1,077 4,400 7,000 11,400 

Jeonra Nam 2,240 10,100 15,000 25,100 

.Gyeongsang Bug 1,796 8,600 14,000 22,600 

Gyeongsang Nam 1,231 10,200 13,600 23,800 

Jeju 51 500 500 1, 000 

Total 11,129 50,000 77 ,000 127,000 
0:::0:::======== =====0:;=== ========= ========== 

Source: World Bank Report 958-KO, Feb. 15, 1976 

15. The survey showed that new or supplementary fuelwood blocks are required in about 
11 100 villages and this is the basis for the p~oposed fuelwood project. Sub-projects for 
each village would vary from 3 ha to about 50 ha, the smaller ones being i ntended to 
supplement previously established plantations. The average sub-project size would be 
11 ha. While fuelwood production would be the main purpose, about 30% of the trees 
planted would be intended primarily for timber production (mainly for l ocal house building 
and, in some cases, for commercial uses), with fuelwood as a by-product. 1/ The main 
objectives of the fuelwood project are as follows: -

(a) To .stabilize a sustained supply system of fuelwood for the rural areas by the 
eventual production of 640 000 tons of additional fuel wood annually; 

(b ) To supply fuel for both forest owners and non-forest owners; 

(c) To protect the forest through self-policing by Village Forestry Association 
members; 

(d) To enrich the national forest resource by the planting of timber-producing 
species, as an admixture to the fuel wood species; 

11 The percentage for each village block and region would vary depending on needs 
and location. 
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To build the productivity of the remaining forest land through the prevention
of litter raking; and

To boost the income of farm households through alternative uses for agricultural
by-products.

In view of the size and success of the 1975 programme (40 000 ha), and the satis-
factory establishment and protection of previous years' plantings, the targets of 50 000 ha
in 1976 and 77 000 ha in 1977 seem well within practical attainment. Nursery stocks,
transport, and technical supervision also appear quite adequate for the proposed project
and, most important of all, it appears to have the full understanding and support of the
villagers themselves.

Planting sites

The sites selected are on moderate to steep land (all other land being given over to
agricultural crops), close to the villages. Sites may be either areas classified as
"forest", which are preferred for larger plantings, or consist of small pieces of unused
"non-forest" land such as roadsides, streambanks, strips adjacent to cultivated land, or
risers between bench terraces. As far as possible, communal land is selected for the
plantation but, as most forest land is privately Owned, arrangements are made for such land
to be managed by the Village Forestry Association (TA), whereby the VFA assumes all
management responsibilities (including the organization of planting) and the owner receives
10 of the yield of tha plantation. The inclusion of timber-producing species (which have
a cash value) eases any problems in obtaining the consent of the landowner and, in nearly
all cases, there is no need to resort to the powers of eminent domain provided by the
Forest Development Law.

Site preparation

In most cases, the areas selected for planting carry only a light growth of shrUbs
and grass. Clearing is therefore easy and can be carried out with simple hand tools.
There is burning before planting and the planting pits, 30 cm in diameter, are made at the
time of planting.

Seed supplies and nursery stocks

All seeds are produced in Korea. Seed collection is organized by the VFA's.
Transplants are produced from a variety of well-organized nurseries, including: (a) state
nurseries, (b) VFA nurseries at province, county and village levels, and (c) private
commercial nurseries. The largest production is from the VFA nurseries. Stock from these
nurseries is sold at a small profit to cover costs and to give a return to the VFA members.

Transport

The countoly has an adequate road network and therefore primary transport of seedlings
by truck is no problem, with secondary distribution being carried out by bullock cart and
by human portage. There are no serious problems of access to the plantation areas. Project
supervision, by the Office of Forestry and the VFA unions, is presently hampered by a lack
of suitable vehicles. Under the project, 140 pick-up trucks, one for each county, would
be procured.

Planting

Planting takes place in March and April. To obtain maximum early yields, planting
density is high, with 4 000 plants/ha proposed for "forest" areas, and 10 000 plants/ha
for"non-forest" areas, where only low-growing shrubby species are employed,
in order to avoid shading of adjacent crops. While research results show that these spacings
are optimal from a yield point of view, they may not give sufficient weight to cost factors
and to soil and site conditions. There may be additional benefits from less dense spacing

5 

(e) To build the productivity of the remaining forest land through the prevention 
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a cash value) eases any problems in obtaining the consent of the landowner and, in nearly 
all cases, there is no need to resort to the powers of eminent domain provided by the 
Forest Development Law. 

Site preparation 

18. In most cases, the areas selected for planting carry only a light growth of shrubs 
and ~ass. Clearing is therefore easy and can be carried out with simple hand tools. 
There is burning before planting and the planting pits, 30 cm in diameter, are made at the 
time of planting. 

Seed supplies and nursery stocks 

19. All seeds are produced in Korea. Seed collection is organized by the VFA's. 
Transplants are produced from a variety of well-organized nurseries, including: (a) state 
nurseries, (b) VFA nurseries at prOVince, county and village levels, and (c) private 
commercial nurseries. The largest production is from the VFA nurseries. Stock from these 
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Transport 

20. The coun~ has an adequate road network and therefore primary transport of seedlings 
by truck is no problem, with secondar y distribution being carried out by bullock cart and 
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?1. Planting takes place i n 1.larch a'1d April. To obtain maximum early yie lds, planting 
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for "non-forest" areas, where only low-growing shrubby species are eMployed, 
in order to avoid shading of adjacent cro ps. While research results show that these spacings 
are optimal from a yield point of view, they may not give sufficient we i ght to cost factors 
and to soil and site conditions. There may be additional benefits from less dense spacing 



and therefore variousspacings would be field tested under the project. Planting is in
straight lines up and down the hillsides, to facilitate weeding and later extraction of the
produce. Openrooted planting is used and NFK fertilizer (at a rate which varies from zero
to 80 g per plant, with an average of 6 g) is applied at the time of planting.

Species selection

The selection of a particular species (or species mixture) for an individual si-te is
governed by its location in the country, soil fertility, and other site characteristics.
The main fuelwood species used are Black Locust (Robinia pseudoacacia), Alder (Alnus firma
and A. hirsuta) and the leguminous shrubs Bush Cl-o7ZTEespedeza fa.) and Indigo Bush
(Amorpha sp.). The main timber species are Poplar (Populus alba x glandulosa) and Larch
(Larixleptoledisj' while Fine (Pinus rigida and P. thunbergiTTrilay be considered dual-
purpose. An interesting development is the use of Poplar in alternating lines with Bush
Clover on relatively dry mountain sites. This is the socalled "Sunchon" method of fuel-
wood production. The Lespedeza gives fuelwood in the first year, plus a cash crop from
seed production, whilst the Poplar gives fuelwood from the pruning of side branches, and can
produce pulpwood at nine years old, or saw timber on longer rotations. Wherever site con-
ditions permit, plantations of mixed timberproducing and fuelwoodproducing species are
created. For example, Poplar (for pulpwood production) is planted with Lespedeza or Robinia.
Pinus rigida (for fuel and timber production) may be planted with Black Locust on low-
quality sites, where the nitrogenfixing capacity of the Black Locust is valuable for site
improvement, whilst the Pine is tolerant of the low site quality.

While the mixing of fuel and timberproducing species may not be ideal from an
economic viewpoint, there are good sociological reasons for its use. The main timber species
are well understood by the villagers and produce significant amounts of fuel from pruning
and thinning. Highyielding fuelproducing species are more novel and may have problems,
such as the thorniness of the Black Locust. Under the project, about 30% of the project
area would be planted to dualpurpose species (such as pines), 30% would be devoted to Busht
Clover'and Indigo Bush in "nonforest" areas, while the remaining areas would grow Black
Locust and Alders (Table 3).

Maintenance

The plantations are weeded for two or three years after planting, until the trees
are free from grass competition. Insect pests pose some problems but control methods are
well understood. If necessary, fire breaks are constructed around the plantation. Losses
from fire have been low in recent years.

Inputs and outputs

29. The physical inputs required for a typical or "average" ha of fuelwood plantations
are shown in Table 4, together with the estimated output (discussed in par.38). A 20year
rotation is assumed for the fuelwood component.

Organization

A Village Forestry Association has been formed within every village in the country.
The head of each VFA is elected by his fellow villagers for a fiveyear term. He is
directly responsible for activities of the VFA, such as the production of transplants from
the village nursery, oak mushroom cultivation, and so on. He obtains technical guidance
in his work from the foresters of the VFA Union at county level, and the district officers
of the Office of Forestry (see Figure 1),

The Office of Forestry and the VFA field organizations are fully staffed at all
levels, with the Office of Forestry having approximately 40 technicallytrained foresters
in each provincial office and 25 in each county office. These numbers are impressive and
represent a very adequate forestry organization for carrying out the project.
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Table 3 - Fuelwood Component: Species Distribution

Species % of Area

"Forest" Areas - fuelwood species

Pobinia pseudoacacia 22

Alnus Firmus )

) 18

Alnus hirsuta )

- dual-purpose species

Pinus rigida 29

Pinus thunberaii 2

"Non-Forest" areas - fuelwood species

Lespedeza sp )

)

Amorpha sp )

100

29

Note: The above distribution is based on preliminary surveys only and has
been used for cost estimating purposes only. A more detailed
breakdown will be available after final designs are completed and
may include additional minor species.
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Table 4 - Physical Inputs/Outputs by Years per Ha. (Average) 11

YEARS

Units 0 1 2 3 4 5 6 7-19 20

Fuelwood Output Tons 0.5 1.0 2.0 4.0 5.0 125.0

Inputs
Labor (local) Man 48.7 - - 4.1 8.3 16.7 33.3 41.7 2083.1

Site Prep Days 3.1 _ _ _ _ -

Planting II
36.5 - - - - - - - -

Fertil. Appl. Il 9.1 - - - - - - - -

Weeding 4/ It - - - - - -
Harvesting II - - - 4.1 8.3 16.7 33.3 41.7 2083.3

Supervision 2/ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Misc. (tools7etc.)3/ .. - - - - _ - - -

Plants No. 5944 - - - - - - - -

Fertilizer Kg. 42 - - - - - - - -

These are weighted averages assumed for 85,836 ha of "forest" land and 41,164 ha of "non-forest" land (Total: 127,000 ha)

Includes only office of Forestry input

3/ Physical breakdown not available

4/ No figures give, but weeding cost is assumed to be offset by fuelwood value of grass collected
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For the fuelwood component, the Government would fully subsidize materials (mostly
seedlings and fertilizer) and supervision. Labour to establish and maintain the plantations
would be provided by the villagers. About 90% of required project funds (for materials)
would be allocated to the Office of Forestry, under the Ministry of Home Affairs, then to
the Federation of Village Forestry Association Unions at county level, who would pay the
suppliers. The remaining 10% (for supervision costs) would come from the Provincial budget.

C. PROJECT COSTS

Shadow prices for foreign exchange and labour costs

For the purpose of economic analysis a shadow exchange rate of Won 560 = USS1
(compared to the official rate of Won 485 - USS1) was used to value the foreign exchange
component. The shadow exchange rate is based on research undertaken by the Korea Develop-
ment Institute. In the fuelwood component, it is only applicable to fertilizer and some
equipment, i.e., a small portion of total costs. As the demand for unskilled labour is
highly seasonal in the rural areas of Korea, seasonal shadow wage rates are appropriate.
As the rural labour force is approximately fully employed during the crop season and is
also fairly mobile, it is appropriate to use observed wage rates for hired labour as the
opportunity cost of labour, that is Won 1,800/day for April, May, July, August and
September and Won 1,900/day for the peak months of June and October. During the winter
months there is little wage employment. There is, however, some self-employment, notably
the weaving of bags from rice straw, for which the net value of production is about
Won 450/day - this value has been used to represent the opportunity cost of unskilled
labour during the period November to March.

Land cost

It is considered that land under the project would have no alternative economic use
for the period of the project. Therefore land is valued at zero.

Table 5 summarizes the unit cost assumptions used in the analysis. Labour is
provided in kind by villagers, while all other economic costs are assumed equal to financial
or market costs.

Fuelwood plantation cost components

The average cost3per ha for all inputs are derived in Table 6. Materials, transport,
supervision and overhead are evaluated at their financial cost and total Won 76 376/ha.
Planting takes place in March or April, which is on the borderline between the crop season
and the off-season. Village volunteer labour has therefore been valued at Won 1 150/man-
day, which is approximately a weighted average of the main-season (Won 1 800) and off-
season (Won 450) opportunity costs of labour. An average of 48.7 man-days/ha of unskilled
labour would be required (see Table 4). The total labour cost of establishment is therefore
Won 56 000 (USS115/ha).

Recurrent costs include: weeding, management and harvesting. The cost of weeding
would be offset by the fuelwood value of the grass collected. Management by Office of
Forestry and Union of Village Forestry Associations personnel has been set at 0.1 man-day/
ha/yr and valued at Won 2,500/man-day. Other supervision costs (fire prevention, insect
control, and so on) would total about Won 2 200/ha/yr. Harvesting would take place in the
off-season months and village labour is therefore valued at Won 450/Man-day. It is assumed
that one man can harvest and transport (by A-frame) 120 kg/day. Thus the harvesting cost
would be Won 3 750 (US$7.75)/ton. Final harvest costs (year 20) are equal to Won 937 t,00
per ha as derived in Table 6, Footnote 2. Costs per ha by years are summarized in Table 7.
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28. For the fuel wood component, the Government would fully subsidize materials {mostly 
seedlings and fertilizer} and supervision. Labour to establish and maintain the plantations 
would be provided by the villagers. About 9CI% of required project funds {for materials} 
would be allocated to the Office of Forestry, under the Ministry of Home Affairs, then to 
the Federation of Village Forestry Association Unions at county level, who would pay the 
suppliers. The remaining 10% {for supervision costs} would come from the Provincial budget. 

C. PROJECT COSTS 

Shadow prices for foreign exchange and labour costs 

29. For the purpose of economic analysis a shadow exchange rate of Won 560 ~ US" 
{compared to the official rate of Won 485 ~ US$1} was used to value the foreign exchange 
component. The shadow exchange rate is based on research undertaken by the Korea Develop­
ment Institute. In the fuelwood component, it is only applicable to fertilizer and some 
equipment, i.e., a emaIl portion of total costs. As the demand for unskilled labour is 
highly seasonal in the l rural areas of Korea, seasonal shadow wage rates are appropriate. 
As the rural labour force is approximately fully employed during the crop season and is 
also fairly mobile, it is appropriate to use observed wage rates for hired labour as the 
opportunity cost of labour, that i s Won 1,800/day for April, May, July, August and 
September and Won 1,900/day for the peak months of June and October. During the winter 
months there is little wage employment. There is, however, some self-employment, notably 
the weaving of bags from rice straw, for which the net value of production is about 
Won 450/day - this value has been used to represent the opportunity cost of unskilled 
labour during the period November to March. 

Land cost 

30. It is considered that land under the project would have no alternative economic use 
for the period of the project. Therefore land is valued at zero. 

31. Table 5 summarizes the unit cost assumptions used in the analysis. Labour is 
provided in kind by villagers, while all other economic costs are assumed equal to financial 
or market costs. 

Fuelwood plantation cost components 

32. The average costa per ha for all inputs are derived in Table 6. Materials, transport, 
supervision and overhead are evaluated at their financial cost and total Won 76 376/ha. 
Planting takes place in March or April, which is on the borderline between the c rop season 
and the off-season. Village volunteer labour has tharefore been valued at Won 1 150/man­
day, which is approximately a weighted average of the main-season (Won 1 800) and off­
season (Won 450) opportunity costs of labour. An average of 48.7 man-days/ha of unskilled 
labour would be required (see Table 4). The total labour cost of establishment is therefore 
W.on 56 000 (US$115/ha). , 

33. Recurrent costs include: weeding , management and harvesting . The cost of weeding 
would be offset by the fuel wood value of the grass collected. Management by Office of 
Forestry and Union of Village Forestry Associations personnel has been set at 0. 1 man-dalf/ 
ha/yr and valued at lion 2,500/man-day. Other supervisi on costs (fire prevention , insect 
control, and so on) wo uld total about Won 2 200/ha!yr. Harvesting would take place in the 
off-season months and village labour is therefore valued at Won 450/man-day. It is assumed 
that one man can harvest and transport (by A-frame) 120 kg/day. Thus the harvest ing cost 
would be Won 3 710 (US$7 . 75} / ton. Final harvest costs (year 2O) are equal to Won 937 100 
per ha as derived in Table 6 , Footnote 2. Costs per ha by years are s~~arized in Table 7. 
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Table 5 Unit Costs

1/ Harvesting takes place during the off months, therefore the minimum
shadow wage was used

2/ Establishment starts at the end of the peak season for agricultural
activity. Therefore a weighted average of off season and high season
labour opportunity costs was used.

3/ Transport of materials (seedlings, fertilizer).

4/ m.d. = man days

Units 4/ Cost
W/Unit

Labor

Harvesting m.d 450

Other m.d 1,150

Supervision

OOF Pers. m.d 2,500

Other ha/yr 2,200

Transport 31 ha 2,000

Fertilizer kg 77.2

Seedlinps plant 11.6

Labor 

1/ Harvesting-

Other £./ 

Supervision 

OOF Pers. 

Other 

Transport "2/ 

Fertilizer 

Seedlinl"s 
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Table 5 - Unit Costs 

Units !±I 

m.d 

m.d 

m.d 

ha/yr 

ha 

kg 

plant 

Cost 
W/ Unit 

45C 

1,15C 

2,500 

2,200 

2,000 

77.2 

11.6 

11 Harvesting takes place during the off months, therefore the minimum 
shadow wage was used 

£./ Establishment starts at the end of the peak season for agricultural 
activity_ Therefore a weighted average of off season and high season 
labour opportunity costs was used. 

"2/ Transport of materials (seedlings, fertilizer). 

1/ m.d. ~ man days 



Site Prep.
man-days
value

Weeding

Table 6 - Derivation of costs per hectare

Units

SEEDLINGS

Plants
cost/plant
cost/ha
transport to

site
TOT. (Del)

FERTILIZER

Application
Cost
Cost/Plant
plants/ha
cost/ha
transport to site

TOT. (Del)

ESTABLISHMENT (LABOR)

Planting
man-days
value

Fertilizing
man-days
value

- 12 -

4.6
5,300

aesumed to be offset by grass fuel collected

:1./ -Weighted avg. 85,836 ha of "Forest" and 41,164 ha of "non-forest"

2/ 60 Kg/man/day can be harvested. Thus the cost is

12 000 kg/ha
x W450/Man day = W937,500/ha

0 kg man clay

3.1

3,600

SUPERVISIGN
Office of Forestry

(0.1 m.d./ha/yr x W2,500/M.d. W 250

Other (fire prevent, insect/disease control, etc.) W 2,200

Total W 2,450

HARVESTING
120 Tc77.7M.d or 8.3 mod/ton and
W 45r.d. (Idle season labor cost)
Cost ton = W450 x 8.3 m.d. = W3750

(g/plant) 6 6 6

(WA.) 0.077 0.077 0.077
(W/plant)
(Plants/ha) 4,400 10,000

(W/ha) 1,853 4,600 2,743
(W/ha) 100 200 133

(W/ha) 1,953 4,800 2,876

22EILhá (by years)

Years Yield
(T(7,77171a)

0-2 0 0

3 0.5 1,875 -

4 1.0 3,750

5 2.0 7,500

6 4.0 15,000

7-19 5 18,700 2/

20 125 937,500 -I

MISCELLANEOUS (tools, etc.) 7,500

(No./ha) 4,000 10,000

(w) 11.6 11.6

(W/ha) 46,400 116,000 69,000

(W/ha) 1,300 3,200 2,000

(W/ha) 47,700 119,200 71,000

24.6 61.5 36.5(M.D.//ha)

(W ha) 28,300 70,700 42,000

6.2 15.4 9.1(m.d.//ha)

(W ha) 7,100 17,700 10,500

1

Avg."Forest" "Non-forest"
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Table 6 - Derivation of costs per hectare 

Units "Forest" IINon-forest" 

SEEDLINGS 

Plants 
cost/'plant 
coat/ha 
transport to 

site 
TOT. (Del) 

FERTILIZER 

Application 
Cost 
Cost/Plant 
plants/ha 
cost/ha 
transport to site 

TOT. (Del) 

(No./ha) 
(W) 

(W/ha) 

(W/ha) 
(W/ ha) 

(It/ plant) 
(W/g) 

(Wjplant) 
( Plants/ha) 

(W/ ha) 
(vl/ha) 
(W/h .. ) 

ESTABLISHMENT (LABOR) 

Plantin/,: 
man-days (M.D~ha) 
value (W hal 

Fert il i zing 
man-days (m.djh'ha) 
value (W hal 

Site Prep. 
man-da.,ys 
value 

4,000 10,000 
11.6 11.6 

46,400 116,000 

1,300 3,200 
47,700 119,200 

6 6 -
0.077 0.077 

4,400 10,000 
1,853 4,600 

100 200 
1,953 4,800 

24.6 61.5 
28,300 70,700 

6.2 15.4 
7,100 17,700 

4.6 
5,300 -

Weeding (assUJled. to be offset by grass fuel collected) 

SUPERVISiI:ON 
Office of Forestry 

(0.1 m.d./ha/yr x W2,500/m.d. 
Other (fire prevent, insect/disease control, etc.) 

Total 

HARVESTING 
120 kg./m.d or 8.3 m.d/ton and 
W 45O!m.d. (Idle season labor cost) 
Cost/ton ~ W450 x 8.3 m.d. ~ W3750 

Cost/ha (by years) 

Yield 
(ton/ha) 

0-2 0 
3 0. 5 
4 1.0 
5 2.0 
6 4.0 

7-19 5 
20 125 

MISCELLANEOUS (tools, etc.) 

11 -Weighted avg. 85,836 ha of ''Forest'' and 41,164 ha of 

g/ 60 145/man/day can be harvested. Thus the cost is 
125,000 kg/ha I. / 60 kg/man d~ x W450,man day ~ W937,500 ha 

"non-i"orest" 

Avg. 11 

-
69,000 

2,000 
71,000 

6 
0.077 

-
2,743 

133 
2,876 

36.5 
42,000 

9.1 
10,500 

3.1 
3,600 

W 250 
W 2,200 
W 2,450 

o 
1,875 
3,750 
7,500 

15,000 
18,700 Y 

937,500 
7,500 



Table 7 - Economic Analysis of Average Fuelwood Plantation (one ha basis) 1/

W 1000/ha (constant prices)

1/ Original World Bank Appraisal version corrected for consistency

2/ Weeding cost assumed to be offset by grass fuels obtained during operation.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

BENEFITS
Fuelwood - 6.5 13.0 26.0 52.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 65.0 1,625.0

COSTS
Establishment:

Site Prep.(labor) 3.6

Seedlings 71.0

Planting (labor) 42.0

Fertilizer (del/site) 2.9
Fertilizing (labor) 10.5

Weeding (labor) 2/ - -

Supervision 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4
Misc. (tools, etc.) 7.5

Harvesting 1.9 3.7 7.5 15.0 18.7 18.7 18.7 18.7 18.7 18.7 18.7 18.7 18.7 18.7 18.7 18.7 18.7 937.5

Total Cost 139.9 2.4 2.4 4.3 6.1 9.9 17.4 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 939.9

NET BENEFIT (cost) (139.9) (2.4) (2.4) 2.2 6.9 16.1 34.6 43.9 43.9 43.9 43.9 43.9 43.9 43.9 43.9 43.9 43.9 43.9 43.9 43.9 685.1

'table 1 - EconO/lic Analysis of Average l"uelwood. Plantation (one ha basis) 11 

W lOOO/ha (constant prices) 

0 2 3 4 5 6 7 8 9 10 11 12 13 '4 15 16 17 18 19 20 

BENEFITS 
Fuelwood 6.5 13 . 0 26.0 52 . 0 65.0 65.0 65.0 65.0 65 . 0 65 . 0 65 . 0 65.0 65 . 0 65.0 65.0 65.0 65 . 0 1,625.0 

COSTS 
Establishment: 

Site Prep . (labor) 3.6 
Seedlings 71.0 
Planting (labor) 42.0 
Fertilizer (del/site) 2.9 w 
Fertilizing (labor) 10 . 5 I 

Weeding (labor) 1/ 
Supervision 2.4 2.4 2.4 2.4 2.4 2. 4 2.4 2 . 4 2.4 2.4 2.4 2.4 2 . 4 2.4 2.4 2.4 2 . 4 2.4 2.4 2.4 2.4 
Misc. (tools, etc.) 7.5 
Harvesting 1.9 3.7 7.515.018 . 718 . 718.7 18.7 18.7 18.7 18.7 18.7 18.7 18.7 18.7 18.7 18.7 937 . 5 

Total Cost 139.9 2.4 2.4 4.3 6 .1 9 . 9 17.4 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 21.1 939.9 

NET BENEFIT (cost) (139.9) (2.4) (2.4) 2.2 6.9 16.1 34.6 43.9 43.9 43.9 43 . 9 43.9 43.9 43 . 9 43 . 9 43.9 43.9 43.9 43.9 43 . 9 685.1 

1.1 Original World Bank Appraisal version corrected for consistency 

?ol Weeding cost assumed to be offset by grass fuels obtained during operation. 
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D. PROJECT BENEFITS AND OUTPUT

14. The principal benefits of the fuelwood compont would be:

an increase in farmers' incomes, as a reduction in the use of agricultural
residues for heating purposes would allow them to be used for composting
and other productive purposes;

conservation of Korea's scarce mineral energy resources (principally coal);

creation of permanent timber-producing forests, as a secondary purpose of the
fue lwood component;

a reduction in soil erosion and flood damages; and

institution building at the village level, leading to increased self-reliance.

At attempt is made to quantify benefits (a) and (b) by shadow pricing fuelwood as
shown below. Benefits (c), (d), and (e) will be discussed only in qualitative terms.
As disc,assed earlier, many of the fuelwood plantations would have an admixture.of timber

species. As the returns from timber production are known to be at least as attractive as
those from fuelwood, only the latter type of plantation has been evaluated. This should
provide a minimum estimate of the rate of return for the project.

Valuation of fuelwood

A precise estimation of the benefits of the fuelwood component is difficult, since
at present fuelwood is not traded and therefore there are no data on its market value.
Consequently, it is necessary to value the fuelwood in terms of the value of the fuels
that it would replace, namely, agricultural residues and coal.

Field observations suggest that 80 percent of the additional fuelwood production
would replace agricultural residues and 20 percent would replace coal. The calorific
value of agricultural residues is about 90 percent that of fuelwood, while that of
Korean coal (which is very low grade) is about equal to fuelwood. Thus 1 kg of fuelwood
would replace 0.9 kg of agricultural residues plus 0.2 kg of coal. The price of both
fuels, taken to represent their opportunity cost, is about Won 12 kg and thus the
opportunity cost of fuelwood is about Won 13 000 (US827)/ton. 1 There is no foreign
exchange effect since both substitute materials are produced and sold locally.

Project output

Assuming plantation establishment in Year 0, annual harvest would reach 5.0 ton/ha/y
in year seven for a typical fuelwood stand. Yields would build up as follows:

1/ i.e., 1.1 kg of other fuels is worth 1.1 x Won 12/kg or Won 13.20, which is rounded
off to Won 13/kg or Won 13 000/ton.

Year Yield
(-777Ta)

% of full
development

0-2 0 0

3 0.5 10

4 1.0 20

5 2.0 40

6 4.0 80
7-19 5.0 100

,. 
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D. PROJECT BENEFITS AND OUTRJT 

34. The principal benefits of the fuelwood compoaent would be: 

(a) an increase in farmers' incomes, as a reduction in the use of agricultural 
residues for heating purposes would allow them to be used for compo sting 
and other productive purposes; 

(b) conservation of Korea's scarce mineral energy resources (principally coal); 

(c) creation of permanent timber-producing forests, as a secondary purpose of the 
fuelwood component; 

(d) a reduction in soil erosion and flood damages; and 

(e) institution building at the village level, leading to increased self-reliance. 

35. At attempt is made to quantify benefits (a) and (b) by shadow pricing fuelwood as 
shown below. Benefits (c), (d), and (e) will be discussed only in qualitative terms. 
As discllssed earlier, many of the fuelwood plantations would have an admixture I of timber 
species. As the returns from timber production are known to be at least as attractive as 
those from fuel wood, only the latter type of plantation has been evaluated. This should 
provide a minimum estimate of the rate of return for the project. 

Valuation of fuelwood 

36. A preoise esti~ation of the benefits of the fuelwood co~onent is difficult, since 
at present fuelwood is not traded and therefore there are no data on its Market value. 
Consequently, it is necessary to value the fuelwood in ter~s of the value of the fuels 
that it would replace, naaely, agricultural residues and coal. 

37. Field observations suggest that 80 percent of the additional fuelwood production 
would replace agricultural residues and 20 percent would replace coal. The calorific 
value of agricultural residues is about 90 percent that of fue lwood, while that of 
Korean coal (which is very low grade) is about equal to fuelwood. Thus 1 kg of fuelwood 
would replace 0.9 kg of agricultural residues plus 0.2 kg of coal. The price of both 
fuels, taken to represent their opportunity cost, is about Won 12/kg and thus the 
opportunity cost of fuelwood is about Won 13 000 (US$27)/ton. 11 There is no foreign 
exchange effect since both substitute materials are produced and sold locally. 

Project output 

38. Assuming plantation establishment in Year 0, annual harvest would reach 5.0 ton/hajy 
in year seven for a typical :t:uelwood stand. Yields would build up as follows: 

~ Yield ~ of full 
( ton/hal devel0ll!!!ent 

0-2 0 0 
3 0.5 10 
4 1.0 20 
5 2.0 40 
6 4.0 80 

7-19 5.0 100 

1/ i.e., 1.1 kg of other fuels is worth 1.1 x Won 12/kg or Won 13.20, which is rounded 
off to Won 13/kg or Won 13 OOO/ton. 



1/ 60 kg/day vs. 120 kg/day
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'3). It is assumed that the average plantation would be clearcut in Year 20, yielding
125 tons/ha of fuelwood. Average yield over the rotation would be 9.4 tons/ha/yr. During
Years 0 to 2, there would be a certain amount of grass and weeds produced but it is assumed
that the economic value of this would be merely equal to the opportunity cost of labour
used in collecting it.

Direct project benefits

Using the above schedule of outputs and the opportunity cost of fuelwood (estimated
above as Won 13 000 per ton) we arrive at the benefit estimates shown in Table 7.

Indirect benefits

Besides the direct benefits of the fuelwood component, which are evaluated above,
there are several indirect and intangible benefits, for which few data are available.
Concentration of fuelwood production close to the village would ease the pressure on the
natural "forest" around the village as a source of fuelwood and would enhance it notertia]
for commercial timber production. Leaving forest litter on such areas would retard
erosion and help to reduce flood peaks.

A major intangible benefit of the fuelwood component would be its contribution to
the strengthening of village institutions. That is one reason why fuelwood projects are
often amonF the first to be undertaken by "basic" villages under the Saemaul Movement.
Fuelwood plantations, while technologically simple, give a very tangible demonstration to
the villagers of the benefits of cooperative action.

E. COMPARING COSTS AND BENEFITS

The economic cost and benefit streams are shown in Table 7. The economic rate
of return (ETR) is estimated to be 17 percent, which indicates that the investment is

attractive.

Sensitivity analysis

To test the sensitivity of the ERR to different input and output assumptions,
certain changes were tested. These include changes in values for costs such as
fertilizer and seedling costs and benefits such as yields and price of

fuelwood. In addition, alternative assumptions were tested regardinglabourcosts. The
results are shown in Table 8.

As indicated in that table, the ERR is sensitive to an annual change in labour
cost and to an annual change in fuelwood value, if introduced separately. In combination,

a 4 percent annual increse in labour cost and a 2 percent increase in fuelwood value cancel
each other out, giving an ERR of 17 percent, the same as the original ERR. This is
because of the different timing of the impacts of these elements.

45. The ERR is also sensitive to other labauscost changes. The original analysis
assumed that only half as much fuelwood could be cut per man day in the final harvest
(year 21) as in the earlier thinnings.1/ If it is assumed that the same amount could
be cut in the final harvest, the ERR increases by 1.2 percent. The original analysis
assumed that the shadow wage rate for offseason labarwas Won 450 per manday, as
compared to Won 1800-1900 per manday during the peak season. If this offseason shadow
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·5j. I. ia aaa~ed that the average plantation would be clear-cut in Year 20, yielding 
125 tons/ha of fuel wood, Average yield over th .. rota.tion would be 9.4 tonsfna/yr. During 
Years 0 to 2, there would be a certain a~ount of grass and weeds produced but it is aSB~~d 
that the econolllic value of this >:ould be ~erely equal to the opportunity cost of labour 
used i·n collecting it. 

Direct proiect benefits 

40. f)sin!, the above schedule of outputs and the opportunity cost of fuel wood (estimated 
above as Hon 13000 per ton) we arrive at the benefit estimates shown in Table 7. 

Indirect benefits 

41. Besides the direct benefits of the fuelwood component, which are evaluated above, 
there are several indirect and intangible benefits, for which few data are available • . 
Concentration of fuel wood production close to the village would ease the pressure on the 
natural "forest" around the village as a source of fuel wood and would p.nhance its potent; n] 
for com~ercial tiMber production. Leaving forest litter on such areas would retard 
erosion and help to reduce flood peaks. 

4? A major intangible benefit of the fuelwood component would be its contribution to 
the strengthening of village institutions. That is one reason why fuelwood projects are 
often amonf.' the first to be undertaken by "basic" villages under the Saemaul Movement. 
Fuelwood plantations, while technologically simple, give a very tangible demonstration to 
the villagers of the benefits of cooperative action. 

E. Ca~PARING COSTS AND BENEFITS 

43. The economic cost and benefit streams are shown in Table 7. The economic rate 
of return (ERR) is estimated to be 17 percent, which indicates that the investment is 
attractive. 

RAnsitivity analysis 

44. To test the sensitivity of the ERR to different input and output assumptions, 
certain changes Were tested. These include changes in values for costs such as 
fertilizer and seedling costs and benefits such as yields and price of 
fuel wood. In addi ticn, al ternati ve assumptions were tested regarding 13.bour costs. The 
results are shown in Table 8. 

45. As indicated in that table, the ERR is sensitive to an annual change in labour 
cost and to an annual change in fuel wood value, if introduced separately. In combination, 
a 4 percent annual increse in labour cost and a 2 percent increase in fuel wood value cancel 
each other out, giving an ERR of 17 percent, the same as the original ERR. This is 
because of the different ti~ing of the i~pacts of these ele~ents. 

45. The ERR is also sensitive to other labaurcost changes. The original analysis 
assumed that only half as much fuel wood could be cut per man day in the final harvest 
(year 21) as in the earlier thinnings.1/ If it is assumed that the same amount could 
be cut in the final harvest, the ERR increases by 1.2 percent. The original analysis 
assumed that the shadow wage rate for off-season labrur ,las Hon 450 per man-day, as 
compared to Hon 1800-1900 per man-day during the peak season. If this off-season shadow 

1/ 60 kg/day vs. 120 kg/day 



1/ Original ERR was 17 plrcent.

2/ All other original assumptions remaining the same.

Table 8

Original Assumption

Constant real labour cost for
project period.

Constant shadow price for fuel-
wood for project period.

Sane as 1 and 2 above.

Seedling cost of Won 71 000
per ha.

Fertilizer cost of Won 2 900/ha.

Final harvest of 125 tons/ha in
year 20.

Final harvest of 125 tons/ha in
year 20.

Final harvest of 125 tons/ha in
year 20.

Final harvest of 125 tons/ha in
year 20.

Annual thinnings of 5 tons/ha
in years 16-19. Final harvest
of 125 tons/ha in year 20.

Annual thinnings of 5 tons/ha
in years 13-19. Final harvest
of 125 tons/ha in year 24.

Yields as shown in Table 6.

Yields as shown in Table 6.

Final harvest: 60 kemd.

Off-season labour shadow wage =
450W/md.

Off-season labour shadow
uage H450/md.

Fuelwood value of W 13 000/ton.

Puelwood value of W 13 000/ton.

_16_

- Sensitivity Analysis

New assumption

4 percent annual increase in rural negative
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Seedling cost of Won 35 500
per ha.

Fertilizer cost of Won 6 000/ha.
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18.2
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Y All other original assuT!lptio!lS remaining the same. 
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wage is raised to Won 600, the ERR falls nearly 3 percent, and if it is raised to Won 675,
it falls by over 4 percent.

46. Reducing seedling cost by 50 percent increases the ERR by 3 percent, while a doubling
of fertilizer cost has no effect on the ERR because it is relatively insignificant to

' begin with.

Changes in the yield and timing of output also affected the EER When yields for
each year were assumed to be BO% of the Original amounts, the ERR dropped by more than
2%, and when yields were assumed to be only 60%, the ERR decreased by more than 5%. If
the final harvest was spread equally over five years, due to demand deficiency or other
reasons, the ERR would remain about the same. 1/ To test further for demand deficiency,
it was assumed that no more than 5 tons per hectare per year could be used in the community,
and that demand would drop to zero after a specified year. For a demand of 5 tons per
hectare per year through year 12, the ERR dropped to 10%. For demand cutoffs after years
1, 90, 2, and 30,'the ERR were 12.6%, 14.4%, 15.2%, respectively. 2/

48. Finally, if fuelwood values fell to 80% of the originally assumed value, the ERR
dropped to 12. and if values decreased to 60%, the ERR fell to 5.6%.

2/ This assumes that instead of harvesting the total volume of 125 tons/ha in year
20,t 20 tons/ha/Year are harvested from year 20 to year 24, which is a total of
145 tons over 5 years (includes 20 tons of growth over the four years from year

20_20°2J For demand assumptions through years 25 and 30, this assumes that the fuelwood
plantations established in year 0 continue to yield 5 tons/ha/year (at the same
harvest and supervision costs) through that final year of demand.
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Preface

This is one in a series of case studies of forestry and forest industries projects
that has been prepared by the Food and Agriculture Organization of the United Nations (FAO)
in order to demonstrate actual methods used in preparing and appraising projects in the
forest sector. The programme of case studies has been madt possible by a special allocation
for this purpose from the Swedish International Development Authority (SIDA). This case
study has been prepared by FR3 with the assistance of the College of Forestry at the
University of Minnesota.

The present case study is based on a real project in a South American country.
Certain key data have been changed to avoid disclosure of proprietary information. However,
none of the realism of the original project has been lost. The case study describes the
project as it was peroeived at the time the original project appraisal was carried out,
in 1973.

The material contained in this case study has been released to FAO exclusively for
the purpose of teaching forestry planning methods. It may not be quoted or reproduoed in
part or in whole without permission.
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ABBREVIATIONS

ERR . Economic rate of return

POB/f.o.b. . Freeonboard

FRR . Financial rate of return

HP . Horse power

IPT . Industrial production tax

NPFI . Net present worth

TT . Trade tax

-11-

ABBREVIATIONS 

ERR • BoOllOilio rate ot retu1'll 

FOB/tooobo • Pree-Oll-board 

PRR • lI'ulImoial rate ot retu1'll 

BP • Boree power 

IPl' • Industrial produotiOll tax 

JIPII • Ret present worth 

'l"l' • Trade tax 



TABLE OF CONTENTS

INTHDEUCTION

THE PROJECT

Outputs and Inputs 2

Technical Considerations Processing Components 2

Markets for Outputs and Price Assumptions 4

Raw Material Requirements and Supply 4

Labour mad Technical Staff 6

PROJECT COSTS AND BENEFITS 6

Costs 6

Benefits 11

COMPARING CDSTS AND BENEFITS 11

Economic Analysis 11

Financial Analysis 16

SENSITIVITY ANALYSIS 20

APPENDIX 1 Present Plywood Plant Recommended New Equipment 23

APPENDIX 2 New Plymill and Veneer Slicing Operations 25

APPENDIX 3 Sawmill and Moulding Plant 29

APPENDIX 4 Estimated Operating Costs Processing Stage 33

APPENDIX 5 Loan: Derivation of Interest and Principal Repayment 37

Table 1 Planned Project Output 3
2 Phasing of Output 3

11 3 Phasing of Additional Raw Material Requirements 5
11 4 Summary of Investment Costs for Processing Stage 7
11 5 Phasing of Investment Processing Stage 8
11 6 A Summary of Annual Operating Cost at Full Development

Processing Stage 8
11 7 Phasing of Operating Cost during Buildup 9

8 Phasing of Investment and Operating Costs for
Logging System 10

11 9 Phasing of Revenues 12
11 10 Economic Analysis of Integrated Operation 13
1/ 11 Balance of Payment Effects at Full Development 14
11 12 Phasing of Balance of Payments Effect 15
11 13 Expenditures and Receipts Due to Tax Legislation

During Buildup Period 17
11 14 "Rural Fund" Payment Due on Logs 18
T1 15 Financial Analysis of integrated Operation 19

16 Sensitivity of Measures of Project Economic Worth
to Changes in Assumptions 21

Page

2

- iii -

TAllLE OF CONTENTS 

INTrollJCTION 

A. 

B. 

C. 

D. 

THE ProJECT 

Out put s and Input s 

Technical Considerations - Processing Components 

Markets for Outputs and Price Assumptions 

Raw Material Requirements and Supply 

Labour and Teohnical Staft' 

ProJECT COSTS AND BENEFITS 

Costs 

Benet'its 

COMPARING COSTS AND BENEFITS 

Economic Analysis 

Finanoial Analysis 

SENSITIVITY ANALYSIS 

APPENDIX 1 - Present Plywood Plant - Recommended New Equipment 

APPENDIX 2 - New Plymill and Veneer Slicing Operations 

APPENDIX 3 - Sawmill and Moulding Plant 

APPENDIX 4 - Estimated Operating Costs - Processing Stage 

2 

2 

2 

4 

4 
6 

6 

6 

11 

11 

11 

16 

20 

23 

25 

29 

33 

APPENDIX 5 - LoaD: Derivation of Interest and Principal Repayment 37 

Table 
" 
" 
" 
" 
" 
" 
" 

" 
" 
" 
" 
" 
II 

" 
" 

1 
2 
3 
4 
5 
6 

- Planned Project OUtput 
- Phasing of OUtput 
- Phasing of Additional Raw ~aterial Req~irements 
- Summary of Investment Costs for Processing Stage 

Phasing of Investment - Processing Stage 
- A Summary of Annual Qperating Cost at ''ull Development 

Processing Stage 
7 - Phasing of Qperating Cost during Bui ldup 
8 - Phasing of Investment and Operating Cos ts for 

Logging System 
9 Phasing of Revenues 

10 Economio Analysis of Integrated Operation 
11 - Balance of Payment Effects at Full Development 
12 - Phasing of Balance of Payments Effect 
13 - Expenditures and Receipts Due to Tax Legislation 

During Buildup Period 
14 - "Rural Fund" Payment Due on Logs 
15 - Financial Analysis of Integrated Operation 
16 Sensitivity of Measures of Project Economic Worth 

to Changes 1n Assumptions 

3 
3 
5 
7 
8 

8 
9 

10 
12 
13 
14 
15 

17 
18 
19 

21 



INTBOlUCTION

This its a case study of a project to expand wood supply and processing capabilities
for an exiating wood processing company* It is an integrated projeot involving harveat and
utilization of natural tropical hardwoods. The proposed project would add plywood, lumber,
moulding and sliced veneer capacity and expand significantly the company's ability to supply
its raw material needs. The project involves increased commercialization of native species.
The proposed project involves an investment of some USS13 million.

The Company was founded about 25 years ago as a sawmilling and log export firm. A
plywood mill was added about 15 years ago and began operations with a single peeler,,which
haz been added to at intervals so that the mill now has a capacity of about 210 000 m-3

plywood per annum. There is also a small sawmill with a capacity of about 2 800 m3 per
annum.

Although the plywood mill started operatione almost 15 years ago, it is only in
recent years, since the Company received positive inoentives to encourage exports, that
the mill bagan to operate under profitable conditions. Log exports have contributed
sigoificantly to financing the development of the current mill operation.

During the last few yeaes ,a firm market has been estsiblished in Europe for plywood
products, based mainly upon one epecies. From this base other species have been success-
fully introduced on the market. The present policy is to progressively introduce more
native wood species onto the international matket. This will broaden the base of raw
material aupply, which will improve the yield of utilizable timber per hectare.

This policy promises to be rewarding, partiaularly in the longer run, since the
region's forests remain one of the few large untouched resaurces of tropical hardwoods
left in the world. In light of growing world demand and limited expansion in other
tropical zones, due to physical, economic, and in some oases political constraints,
progressively more favourable market conditions for the region's forest products should
develop.

The present mill is located on a major river, with many tributaries that supply
logs to the mill. The mill site is on a small bay out of the main current - which provides
a fairly still lagoon for log storage and handling. Undeveloped land on either side of
the present mill site could be acquired if future expansion is warranted.

While the standing volume of timber in the region is large, much of it is at present
inaccessible by water, which is almost the only transport means available. Further, much
of the accessible timber has no known comercial market. Thus, while the region certainly
oould aupport additional processing capacity, the lack of adequate information on delivered
wood cost, availability of presently marketable woods shortage of skilled labour, infra-
structure, etc., has resulted in e slow growth of the wood processing sector.

Since the project region i6 still largely undeveloped, the economic, financial and
social conditions which are normally needed for a auccessfel processing operation are not
generally available. Therefore, this project raises interesting questions connected with
the uncertainty surrounding the proposed operation and its treatment in an economic ap-
praisal. Other issues in this case etudy include the analytical treatment of separable
components, and the differences involved in financial vis -t-vis economic analyses.

Section A provides a description of the project, including technical considerations,
availability of reuenired inputs, market for outputs and unit prices* Section B provides
estimates of project costs and benefits. Costs and benefits are compaxed in Section C.
Finally, Section D explores the sensitivity of the project to changes in key assumptions.
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A. TBE PEOJECT

Outputs and Inputs

The project includes a new plywood mill which will be added to the exieting one.
A new sawmill and moulding plant will aleo be built and the existing sawmill will be
closed down. In addition, high oapacity elioing equipment will replace the existing
veneer slicer. A logging syetem new to the region will be introduced.

The proposed output mix of the project is structured so as to mAke use of a variety
of species available in the region. Output volumes and types were set at levels that
waylaid not overburden the Company's marketing capacity.

Technical Considerations - Processing Componente

The planned prodaction mix of the industrial complex at fall project development
(fifth year) is summarized in Table 1. Table 2 shows buildeup of production for the main
prodncts from year 0 to 4, when full production is reached for all project components.

The producIion of the existing plywood mill will be raised from dbout 13 000 m3 per
annum to 20 000 mi per annum with some minor alterations and additions and improvement
in operating skills. (See Auendix 1.)

A new plywood mill (plymill) is proposed as the core of the industrial complex. A
3-line mill appears the most appropriate choice to take advantage of the variability of
the species that occur in the region, since it greatly increases operational fleiibility
with no proportional increase in cost over a two-line mill. This is also important for
plant maintenance and in case of breakdowns, since the operation is relatively isolated
from centres of engineering and spare paet supplies. (See Appendix 2 for a demoription of
the plywood mill.)

With regard to the proposed sawmill, recommendations about main items of equipment
and levels of mechanization have been based on the levels of skilled labour and mainten-
ance and spare parts availabile in the area of the project. A "medium level technology"
sawmill is proposed. (Details on plant, equipment and production estimates are shown in
Appendix 3.)

A pre-drier will be installed to bring all timber for kiln seasoning down to a
uniform moisture content of 30 percent. The timber will then be paesed to two season-
ing kilns for drying to moisture equilibrium (12-14 percent).

A moulding plant consists of thxee 6-autter planers and mauldere and one 4-cutter,
together with a 3-saw trimmer. Appropriate bundling equipment is provided fort together
with a packaging and covered storage area for the finished products. About 11 000 m3 of
mouldinge will be processed per annum. These will be composed of a variety of products
in varying proportions according to special orders. Basically two types of mouldings
will be produced, i.e. wall panelling and semi-decorative mixed mouldings. (See Appendix 3).

The veneer slicer will consist of high capacity equipment, 4 m3 per hour. Produo-
tion will be dbout 500 0 per year. Decorative veneer has been included in the production
programme in order to optimiza local utilization of high grade logs suitable for veneer
slicing which ia the past have been exported in log form. It is estimated that each logy
will not exceed one percent of total supplies.

Also a steam plant will be added for the new plywood mill and sawmill. It is
estimated that the combined energy requirement of both mills can be adequate/y satisfied
with the available wood waste.
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Table 1 - Planned Project Outputli

(m3 per year)

Old plywood mill plywood 20 000

New plywood mill plywood 45 000

New sawmill/moulding plant green lumber 30 Goo
dried lumber 13 000

mouldings 10 800

New veneer slicing plant sliced veneer 500

Total 119 300

Table 2 - Phasing of Output

Imwma

Total 4.6 15.5 61.3 103.5 106.3

1/ See Appendices 1-3 for additional details.

1/ The old mill will eventually be producing 20 000 m3, i.e. 7 000 m3 in addition
to 13 000 m' being produced now.

(1 000 m3)

Year

0 1 2 3 4-14

Plywood Old Mill (additiona1)1/ 4.6 7.0 7.0 7.0 7.0
Plywood New Mill 4.4 26.0 45.0 45.0
Green Lumber 2.3 15.5 28.5 30.0
Dried Lumber 1.0 6.7 12.3 13.0
Mouldings .8 5.9 10.3 10.8
Sliced Veneer - 0.2 0.4 0.5

- 3 -

Table 1 - Plazmed Project o...tputY 
(m3 per year) 

Old plywood mill 
New plywood mill 
New sawmill/moulding plant 

New veneer slicing plant 

plywood 
plywood 
green lumber 
dried lumber 
mouldings 
slioed veneer 

Total 

Table 2 - Phasins: of Output 

(1 000 m3) 

Year 

I 0 1 2 3 

Plywood Old IHll ( addi t i onal)1I 4.6 7.0 7.0 7.0 
Plywood New Mill 4.4 26.0 45. 0 
Green Lumber 2.3 15.5 28.5 
Dried Lumber 1.0 6.7 12.3 
Mouldings .8 5·9 10.3 
S Hced Veneer 0.2 0.4 

Total 4.6 15.5 61.3 103·5 

11 See Appendioes 1-3 for additional details. 

20000 
45 000 
30000 
13 000 
10 800 

500 
119 300 

4- 14 

7.0 
45.0 
30.0 
13.0 
10.8 
0·5 

106.3 

Y Thp. old mil3 wi 11 eventually be producing 2·0 000 m3, i. e. 7 000 m3 in addition 
to 13 000 m being produced now. 
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Mekete for Outputs and Price As tions

World demand for semid000rative plywood is growing rapidly. The Compaey presentlY
haz difficulties satisfying foreign orderspand prices on the international market
have increased substantially over the last few years. Also, several now speoieo have been
suocessfully tested in export markets. In local markets, prices have been lower on average

than for exports but demand is also increasing steadily. It is expected that aboat 10 per-
cent of the Company's production will be lower grade plywood for local markets.

Por the purpose of economio evaluation, f.o.b. prices of $170/0 and a150/m3 are
assumed for exported and locally marketed plywood respectively.

The market for mouldings will be mainly the USA. Market prAoes vary oonsiderably

according to the type of mouldings and wood species umed. A conservative average priceof
US$125 f.o.b, per cubic metre is used for economic caloulations. This prioe reflecte the
situation on the low price US market for semidecorative mouldings.

In view of the growing sawnwood deficp in Europe, there is no problem expected in
placing the small planned volume of 13 000 m) kiln dried lueber in this market. In addition,

the static but-very aubstantial US market could be approached. The development of sawnwood
exports impliee the necessity to adopt suitable timber grading and seasoning methods. Given
the experience of other companies in the region, no problems are expected in marketing
sawnwood output.

The principal market for the production of green lumber will be an adjoining wood

scarce region. Despite a low per capita consumption of wood products in this region, the
absolute sise of the market is sabstantial with an estimated consumption of about 400 000
to 500 000 m3 per annum. Planned output of 30 000 m3 should be readily Absorbed at full
project development in year 4, taking into account the aatput of competing sawmills. F.o.b.

prices assamed in the eoonomic analysis correspond to present levels, i.e., US$80/m3 for
exported and $50/m3 for locally marketed luMber.

With regard to decorative veneer no problems are foreseen in finding markets for
the modest output envisaged. An f.o.b. pries of $300/m3 has been assumed as a conserve.-

ties estimate for sliced veneer.

1ReirRawMateriaemandSul

Raw material requirements will rise from as estimated 80 000 m3 per year at present

to 325 000 m3 per year at project maturity: plywood production will require &bout 162 500 m3

per year (including some 40 000 m3 per year for the existing mill operation); eawnwood and
mouldings will require 120 000 m3; veneer will require 2 500 m3 and log exports will absoeb
an additional 40 000 m3 per year. (See Table 3 for phasing of additional requirements.)
To secure this volume on a regalar yearraend basis, a departure from exclusive reliance
on the traditional logging system will be necessary. At present logs ara obtained entirely
from a supply system based on the independent operations of mahy individual suppliers.
Local workers fell the trees by axe on a narrow strip of flood plain land along the river
shores upstream from the mill. As water levels rise, the loge are floated out onto the
river. The logs are then bought and collected by local operators and are in turn purchased
by company agents at recognized collection points. Logs are aseembled into larger rafts
and floated downstream to the mill, using Company tugboats for guiding the rafts.

Some major drawbacks of the traditional wood eapply system are the following:

(1) Seasonal fluctuation of eupplies as a function of seasonal flooding
and the resulting necessity to operate substantial log storage or
:suffer irregular capacity utilization;

-4

Jarkets tor Outputs and Price AaBU!ptions 

20. World daJaand tor e8!rl-cieoorativa plywood is growing rapidl;r. !'he COIIpIllQ' pree .. U3" 
hae difticulties satist)'"ing toreign ordera, and prices on the intemational market 
ha .... increaeed IJIlbetaatially ovar ,the last tew yeare. Also, se .... ral new apeoie. han Mea 
lJIlooesstlllly tested in export markets. In looal markets, prioes have been lowr OIl anrage 
thllll tor exports but d ...... d is also inoreaeing steadily. It is expeoted that abOQt 10 pe~ 
oent 01' the Company's production will be lower grads plywood tor looal aarketa. 

21. Por the purpose 01' eoonomio evaluation, t.o.b. prioes 01' $170/..3 and $150/.,.3 are 
assumed tor exported IIIId looally lIarketed plywood respeotively. 

22. 'l'he market tor mouldings will be mainly the USA. Market p~oee V8Z7 oondderably 
8Qoording to the type of mouldings 8I1d wood epeoie. used. A oOlUle1'9&tive average prioe of 
US$125 t . o.b. per cubio metre is used tor eoonomic oalcuiLations . This prioe retlects the 
situation on the low price US market for semi-deoorative mouldings. 

23. In view of the growing sawnwood deticlt in Europe, there is no problem expeoted in 
placing the small planned volume of 13 000 or' kiln dried luaber in this marltet. In addition, 
the static but 'very substantial US market oould be approached. The development 01' sawnwood 
exports implies the neoessity to adopt suitable timber grading and seasoning methods. Giftn 
the experienoe 01' other companies in the region, no problems are expeoted in marketing 
sawnwood output. 

24. 'l'he prinoipal market tor the produotion of greell lumber will be an lIdjoinillg wood 
scaroe region. Despite a low per oapita cOllsumption at wood prodncts in this region, the 
absolute siBe 01' the market is substantial with an estimated COIlSUmption of about 400 000 
to 500 000 ",3 per _m. Planned output of 30 000 .. 3 should be readily absorbed at tIlll 
projeot development in year 4, taking into 8000Ullt the output of cOllpeting s ...... ills. P.o.b. 
prioes assumed in the eoollomic analysis oorrespond to present levels, i.e., US$80/m3 tor 
exported IIIId $50/m3 for locally marketed lumber. 

25. With regard to deoorative veneer no problems are tore seen in finding markets for 
the 1I0dest output envisaged. An t.o.b. prioe 01' $300/.,3 has be8ll as_d &8 a conserva.­
tive estimate tor sliced veneer. 

Raw Material Requirements and Supply 

26. R .... material requirelll8llts will rille tram an estimated 80 000 m3 per year at pres8llt 
to 325 000 .,.3 per year at projeot maturity: plywood production will require about 162 500 m3 
per year (inoluding some 40 000 .,3 per year tor the existing lIill operatioll); slllfllwood and 
mouldings will require 120 000 m3; veneer will require 2 500 m3 end log exports will abso.'b 
l1li additional 40 000 m3 per year. (See Table 3 tor phasing of additional requirements.) 
To secure this volume on a regu.lar yelll'-rOUlld basis, a departure tram exolusive reliance 
on the traditiollal logging system will be necessar,y. It prellellt logs are obtained entirely 
tram a supply system based on the independent operations at mally individnal IJIlpplie1'8. 
Local workers fell the trees by ue on a narrow strip of tlood plain land along the river 
shores upstream tram the mill. As water levels rise, the logs are floated out onto the 
river. The logs are then bougbt and oollected by looal operaton IIIId are in tum purchased 
by company agents at recog;,ised oollection points. Logs are assellbled into larger rafts 
and floated downstream to the mill, using Company tugboats tor gu.iding the rafts . 

21. Some major dr .... b8Oks 01' the traditional wood eupply system are the tollowing: 

(1) Seasonal tluotuation ot eupplies as a tIlnotion ot seasonal flooding 
IIIId the resulting necessity to operate substantial log storage or 
suffer irregu.lar cap80ity utilisation; 
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Lable 3 - Phasing of Additional Raw Material Requirements
(m3 (r) )

Year

Wood requirements for the increased output from the old plymill will be covered
by greater efficiency in use of the wood already coming into it plus the additional
amounts shown here (which are new wood requirements).

Old Plymill (additional)1/ 4 000 10 000 10 000 10 000 10 000
New Plymill 11 000 65 000 112 500 112 500
Sawmill/Moulding 9 000 62 000 114 000 120 000
Veneer Slicing 1 000 2 000 2 500

Total 4 000 30 000 138 000 238 500 245 000

- 5 -

Table 3 - Phasing of Additional Raw Material Require.ents 
(m3 (r) ) 

Year 

I 0 1 2 3 4-14 

Old Plymill (additional)lI 4000 10 000 10 000 10 000 10 000 
New Plymill 11 000 65000 112 500 112 500 
Sawmill/Moulding 9000 62000 114 000 120 000 
Veneer Slioing 1 000 2000 2500 

Total 4000 30 000 138 000 238 500 245 000 

Y Wood requireaents for the inoreased output from the old plymill will be covered 
by greater efficiency in use of the wood already coming into it plus the additional 
amounts shown here (which are new wood requirements). 
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(ii) limitation of usáble species due to restricted accessible logging
areas on low lands along river banks ead necessity of floating the
logs. This leads to little concentrated explOitation over large
catchment areas, difficult logistics and high losses in transit.

To secure year-round log eupplies, which cannot be provided by the traditional
system, it is essential to introduce some form of mechanical lo ing ahich does not depend
on seasonal water level variations.

To determine the logging methods to be adopted and to estimate in detail the invest-
ment and operating cost necessary to estalalish a complete syutem to guarantee wood supplies,
as well as to provide inventories of selected areas to be logged mechanically, a forest
inventory/logging uurvey will be carried out. The syntem envisioned would include a gradual
and selective introduction of mechancial equipment in flood plain logging coupled with
optimization of the traditional syetem, supplemented by dryland logging in partiaularly
euitAble areas.

Estimates made by the Company indicate that, by- perfectingthe present labour
intensive log apply system, it should be possible to approximately double log eapplies to
about 155 000 m-) per annum for the next 10-15 years. This would cprreepond to roughly one
heal' of the project's total wood requirements at Pall project development. The means by
which this increase is expected are better organization of assembling, improved log barging
and use of new collection equipment (tugboats, radio communication). The possibility of
providing about 75 000 m3 per annum of additional logs through the traditional syetem and
the balance (170 000 mt3 per annum) by mechanized logging is taken as the most likely assump-
tion. The mechanized system aseumed here will require investments spread over 3 years
reaching production capacity of 170 000 m3 in the fifth year. Other /ogging vet= assump-
tions are tested in the sensitivity analysis.

Labour and Technical Staff

With regard to labour, there is an adequate !supply to meet project requirements,
but it is generally lacking the needed skills. Absenteeism is about 10 percent per day
and turnover About 10 percent annually. The lack of skills points to the need to esteb-
lish in-service training and to improve the general working conditions in the plant so
as to attract and retain labour. Although substantial industrial development is taking
place in the region, the inflow of people from outlying areas and other parts of the
country should be eufficient to ensure a readily available eupply of direct production
labour.

Since the Company's plant management in the past has shown certain deficiencies,
particular emphasis will be laid on broadening the management structure and improving its
quality. The number of staff in leadieg and supervisory functions will be increased about
threefold and a number of new departments created. Initial inquiries indicate that addi-
tional technical, supervisory and executive staff can be attracted from forest industries
in other parts of the country.

B. PADJECT 00STS AND BENEFITS

Costs

Needed investment to achieve the project's envisaged prooessing capacity is ahown
in Table 41 and phasing of the inveatment is shown in Table 5. Appandicee 1-3 show
detailed breekdown of investment costs for the processing component of tha project.

Estimated operating oosts for the processing stair at fall development are shown
in Table 6 and their phasing up to full development (the fifth year) is áhown in Table 7.
Appendix 4 shows further details for derivation of operating °oats.

(ii) limitation of usable species due to restricted accessible losging 
areas on low lands along river bBDks .... d neoessity of floating the 
loge. This leads to little oonoentrated exploitation over large 
catchment areas, difficult logist'ics and high losses in transit. 

28. To secure year-round log suppliGs, which cannot be provided by the traditional 
system , it is essential to introducG some form of mechanical losging whioh does not depend 
on seasonal water level variations. 

29. To determine the logging methods tc be adopted and to estimate in detail the invest­
ment and operating cost neoessary to establish a complete system to ~arantee wcod supplies, 
as well as to provide inventories of selected areas to be logged .... chanically, a forest 
inventory/logging survey will be oarried out. The &;yetelll envisicned would include a gradual 
and selective introduction cf meohanoial e~ipment in flood plain losging ooupled with 
optimization of the traditi.onal system, supplemented by dr,rland losging in partioularly 
suitable areas. 

30. Estimates made by the Comp""y indicate that, by" perfecting the present labour 
intensive log 5Pply system, it should be possible to approximately double log supplies to 
about 155 000 m per azmum fcr the next 10-15 years. This would c~rrespond to roughly one 
half of the project's total wood re~irements at full projeot development. The means by 
which this increass is expected are better organisation of assembling, improved log barging 
and use of new collection e~ipment (tugboats, radio communioation). The possibility cf 
providing about 15 000 m3 per 8lIDUm of additional loge through the traditional system and 
the balance (110 000 .,3 per annum) by mechani .... d logging is taken as the most likely assump­
tion. The mechanized system assumed here will re~ire investments spread over 3 years 
reaching production capacity of 110 000 .,3 in the firth year. Other losging system assump­
tions are tested in the sensitivity analysis. 

Labour and Teohnical Staff 

31. With regard to labour, there is an ade~ate supply to meet projeot re~irements, 
but it is generally lacking the needed skills. Absenteeism is about 10 percent per ~ 
and turnover about 10 percent 8lIDUally. The lack of skills points to the need to estab­
lish tn-ervice training and to improve the general working oonditions in the plant so 
as to attract and retain labour. AlthOllgh substantial industrial development is taking 
place in the region, the inflow of people from outlying areas and other parts of the 
oountry should be suffioient to ensure a readily available supply of direot produotion 
labour. 

32. Sinoe the Comp""Y's plant management in the past has shown oertain defioiencies, 
partioular emphasis will be laid on broadening the management stru.cture end improving its 
~ality. The number of staff in leading and supervisory funotions will be increased about 
threefold and a number of new departlll8Dts crea.ted. Initial in~irie8 indioate that addi­
tional technical, supervisory end exeoutive staff cen be attracted from forest industries 
in other parts of the count ry. 

B. ProJECT COSTS ABD BENEPITS 

Costs 

33. Needsd iaveatment to' achieve the project' B envisaged processing o'apacity is shown 
in Table 4-, and pha..ing of the investment is shown in Table 5. Appendices 1-3 show 
detailed breakdown of investment ooste for the prooessing oOlllpoDent of the projeot. 

34. Estimated operating oosts for the processing stage at full develop.ent aN shown 
in Table 6 end their phasing up to full development (the firth ;year) is shown in 'fable 1. 
Appendix 4 shows further details for derivation of oparatiag oosts. 



I/ 3% of equipment, Buildings and other ctvi1 works coste

2/
152 of equipment cost

2/ 20% of equipment cost including electrical installations

10% of equipment, buildings and other civil works costs

tugboats, radio communication

V details of the totals are shown in Appendices 1-3

Table 4 - Summary of Investment Costs for Processing Stage

(US $1,000)

Equipment Buildings
Other Civil

Works
Engineeri7g
Design-

Freight2/
Insurance-

3
Installation-

4/
Contingencies- Total

Existing Plymill 167 - - 5 25 33 17 247

New Plymill 3,497 1,124 37 140 524 699 466 6,487

Sawmill and Moulding Plant 928 201 28 35 138 185 115 1,630

Veneer Slicing Plant 275 - - 8 41 55 28 407

Steam Plant 640 60 - 21 96 128 70 1,015
5/

Wood Assembly Equipment- 105 - - - 15 - 11 131

Transport Equipment, 100 - - - 15 - 10 125
Plane, Cars

Sub-Total 5,712 1,385 65 209 854 1,100 717 10,042

Total- ..... ......7,157 .....

Table 4 - Summary of Inveltment CO!tB tor Processing Stase 

(US $1,000) 

Other Civil 
Equipment Building. Works 

Existing Plymill 167 - -
Nev Plymi11 3,497 1,124 37 

Sawmill and !-lould1ng Plont 928 201 28 

Veneer Slicing Plant 275 - -
Stcom Plant 640 60 -

51 105 Wood Assembly Equipmen~ - -
Transport Equipment, 100 - -

Plane. Cars 

5,712 1,385 65 Sub-Total 

Total~/ ••.•••.•••• 7,157 .•••••••.• 

11 3% of equipment, 6uildings and other c!vil works cost. 

11 lSI of equipment cost 

. 11 20~ 01 e~uipment cost including electrical installations 

41 - 10% of equipment, buildinga and other civil yorks COlte 

51 - tugboats, radio communication 

21 details ot the totals are shown in Append!c.s 1-3 

EngineerfJg 
Design-

Fre1ght2/ 
Insurance- Installatio.,!' 

5 25 33 

140 524 699 

35 138 185 

8 41 55 

21 96 128 

- 15 -
- 15 -
209 854 1,100 

Contingencie.!' Total 

17 247 

466 6,487 

115 1, 630 

28 407 

70 1,015 
-. 

11 131 

10 125 

717 10,042 



1/
Approximately 25% of civil works and structures used as salvage value and entered
as a benefit/revenue in cash flow tables. See Table 3.

Table 6 - A Summary of Annual Operating Cost at full development

processing, stage3/

Table5 - Phasing of Investment - Pracessing Stwe

.(US $ 1,000)

Year

Plymill2/
Sawmill/Moulding
Slicing Plant

3
Services-

/

I/ Details provided in Appendix 4

-V Including additional costs of existing plymill

Including additional cost of log assembly under traditional supply system

Attributed according to sales and intake volumes

Totals may not add due to rounding

Total

0 1 2 3/4 5 6-9 10 11 12/13 14

Existing Plymill 247 - - - - - - - - -

New Plymill .... 6,487 - - - - - - - (330)

Sawmill and Moulding - 1,630 - - - - - - - (5(j)

Veneer Slicing Plant - - 407 - - - - - - -

Steam Plant - 1,015 - . - - - - - - (20)

Log Assembly Equipment 131 - - - - - 131 - - -

Transport Equipment 100 25 - - 80 - 100 25 - -

Total 478 9,157 407 - 80 - 231 25 - (400)1/

(US$ '000)

Direct production labour 678 333 195 1,206

Supervisoty S Administrative
labour

144 160 588 893

AmmIliary materials 1,417 200 83 1,700

Repair and maintenance 144 48 31 222

Electricity 485 193 Neg/igible 678

Sales cost 5%Ai 439 202 641

4 /
Reaforestation cost- 31 31 61

5/
Total cost-
(excluding logs)

3,338 1,166 897 5,400

table 5 - Phaslns of Investltent - Prdc.essill8 Stwe 

. (US $ 1,000) 

U 1 2 3/4 5 6-9 10 11 12/13 14 

EKiot1oS P1ym111 247 - - - - - - - - -
Rev Plymill - 6,487 - - - - - - - (330) 

Sawmill and Moulding - 1,630 - - - - - - - (SO) 

Veneer SlfclD, Plant - - 407 - - - - - - -
Steam Plant - 1,015 - - - - - - - (20) 

Loa Assembly Equipm.ent 131 - - - - - 131 - - -
Transport Equipment 100 25 - - 80 - 100 25 - -

total 478 9,157 407 - 80 - 231 25 - (400r!-' 

y 
Approximately 25% of c.ivil works and structures used as aah'age value and entered 
as a benefit/revenue in c.ash flow tables. See Table 3. 

Table 6 - A Summary of Annual Operating Cost at full development 

procesctng stag,)/ 

PlymiUY Sawdll/Hould1ng 
Servicesl' Slicing Plant 

........... ••••••••••• (US$ '000) ... ........... 

Direct product..1oD labour 678 333 195 

·Supervtsoty & Adm.1nbtrative 144 160 588 
labour 

Auxiliary materials 1,417 200 83 

Repair and maintenanc.e 144 48 31 

Electrictty 485 193 Negligible 

Sales cost 5%,!1 439 202 -
Reaforestation 

41 
cost- 31 31 -

51 
Total cost- 3,338 1,166 897 
(excluding logs) 

11 Details provided in Appendix 4 

11 Including· additional costa of existing p1ymi11 

11 Including additional cost of log asseab1y under traditional supply system 

~I Attributed according to sales and intake volumes 

11 Totals may Dot add due to rounding 

Total 

• ••••••• oo 

1 , 206 

893 

1,700 

222 

678 

641 

61 

5,400 
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Table 7 - Phasing of Operating Cost During Buildup

(1000 0$)

Year

- It represents sunk costs in old mill that can be used in new mill
without reducing output of old mill.

2./
Operating costs in years 5-14 are the same as in year 4.

0 1 2 3 4_V

Additional Log intake (000 m3) 4 30 138 239 245

Additional Sales ($ 000) 777 2,221 7,685 12,605 12,828

Direct Production Labor
- Plymill - 166.6 500.0 678.3 678.3

- Sawmill - 83.3 166.6 250 332.8

- Services - 195.2 195.2 195.2 195.2

Supervisory and Administrative Labor 422.3 666.6 892.5 892.5 892.5

Auxiliary Materials
- Plymill 125 309.6 896.5 1,416.2 1,416.2

- Sawmill - 15.3 103.3 190 200

- Services - 83.3 83.3 83.3 83.3

Repair and Maintenance
- Existing Plymill 6.2 6.2 6.2 6.2 6.2

- New Plymill - 137.6 137.6 137.6 137.6

- Sawmill Moulding - 36.7 36.7 36.7 36.7

- Veneer Slicing - - 10.2 10.2 10.2

- Steam Plant - 24.3 24.3 24.3 24.3

- Log Assembly equipment 3.3 3.3 3.3 3.3 3.3

- Transport Equipment 2.7 3.2 3.2 3.2 3.2

Reforestation 1 5 34.5 59.6 61.3

Electricity
- Sawmill - 48 96.2 144.3 192.5

- Plymill - 121.1 363.6 485 485

Sales Costs 38.8 111 384.3 630.9 646.3

Total cost (excluding logs)
/1

599.3 2,016.8 3,937.8 5,247.0 5,400.6
Service of existing enterprise- (87.5) (87.5) (87.5) (87.5) (87.5

Supplementary Cost (rounded) 512 1,929 3,850 5,159 5,313

-

- 9-

Table 7 - Phasin~Operating Cost Dur ing Buildup 

(1000 US) 

Additional Log intake (000 m
3

) 
Additional Sal es ($ 000) 

Direct Production Labor 
-Plymill 
- Sawmill 
- Services 

Supervisory and Administrative Labor 

Auxiliary Materials 
- P1ymill 
- Sawmill 
- Services 

Repair and Maintenance 
- Existing Plymill 
- NeW' Plyroill 
- ·Sawmill Moulding 
- Ver.eer Sl icing 
- Steam Plant 
- Log Asse~~ ly equipment 
- Transport Equipment 

Refores tation 

Electricity 
- Sawmill 
- P1ymill 

Sales Costs 

Total cost (excluding logs) 1/ 
ServIce of existing enterprise­
Supplementary Cost (rounded) 

o 

4 
777 

422.3 

125 

6.2 

3.3 
2.7 

1 

38.8 

599.3 
(87 . 5) 
512 

1 

30 
2,221 

166 . 6 
83.3 

195.2 

666.6 

309.6 
15.3 
83.3 

6.2 
137.6' 
36.7 

24.3 
3. 3 
3. 2 

5 

48 
121.1 

III 

2,016.8 
(87.5) 

1,929 

Year 

2 

138 
7,685 

500.0 
166 . 6 
195.2 

892.5 

896.5 
103.3 

83.3 

6.2 
137 . 6 

36.7 
10.2 
24.3 
3.3 
3.2 

34.5 

96.2 
363.6 

384.3 

3,937.8 
(87.5) 

3,850 

3 

239 
12,605 

678.3 
250 
195.2 

892 . 5 

1,416.2 
190 
83.3 

6. 2 
137.6 

36.7 
10.2 
24.3 
3.3 
3.2 

59.6 

144. 3 
485 

630.9 

5,247.0 
(87.5) 

5,159 

1/ 
- It represents sunk costs in old mil l that can be used in new mill 

without reducing output of old mill. 
JJ Operating costs in years 5-14 are the same as in year 4. 

4?,j 

245 
12,828 

678.3 
332.8 
195.2 

892.5 

1,416 . 2 
200 
83.3 

6.2 
137.6 

36 . 7 
10.2 
24.3 

3. 3 
3.2 

61.3 

192.5 
485 

646.3 

5,400.6 
(87.5 

5,313 



Costs MS 1000)

Table 8 - Phasing of Investment and Operating Costs

If Assumed upper limit of 75,000m3 additional wood per year.

21 Pilot operation with no significant production. $400,000 of cost is non-recurring development casta; $250,000 are for equipment

with five year life

2! $15/m3(r) delivered

$12.75/m3(r) of operating coste in addition to investment coste.

Physical Flows (1000 m3)

0 1 2 3 4

for Logging System

8 9 10 11 12 13 14
Year

5 6 7

Traditional system
3 1

wood supply (1000m
/

4 30 75 75 75 75 75 75 75 75 75 75 75 75 75

Mechanized logging
wood supply 63 164 170 170 170 170 170 170 170 170 170 170 170

Total 4 30 138 239 245 245 245 245 245 245 245 245 24 245 245

3/
Traditional system- 60 450 1125 1125 1125 1125 1125 1125 1125 1125 1125 1125 1125 1125 1125

Mechanized system
investmen,
operation-'

2/ 2/650 650- 1000
803

-
2091 2167

250
2167

250

2167

1000
2167

-

2167 2167
250

2167
250

2167
1000
2167

-
2167

-

2167

Total 710 1100 2928 3216 3292 3542 3542 4292 3292 3292 3542 3542 4292 3292 3292

Table 8 - Phasin! of Investment and Q2eratins Costs 

for LoninR System 

Year 

Physical F~ (1000 1113) 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Traditional system 3 11 
wood supply (lOOOm )- 4 30 75 75 75 75 75 75 75 75 75 75 75 75 75 

Mechanized logging 
wood .supply 63 164 170 170 170 170 170 170 170 170 170 170 170 

Total 4 30 138 239 245 245 245 245 245 245 245 245 245 245 245 

~ 

0 

Costs ($US 1000) 

Traditional system11 60 450 1125 1125 1125 1125 1125 · 1125 1125 1125 1125 1125 1125 1125 1125 

Mechanized system 
650~/ 65~/ 1000 investmen~1 250 250 1000 250 250 1000 

operation;- 803 2091 2167 2167 2167 2167 2167 2167 2167 2167 2167 2167 2167 

Total 710 1100 2928 3216 3292 3542 3542 4292 3292 3292 3542 3542 4292 3292 3292 

1/ Assumed upper limit of 75)OOam3 additional ~od per year. 

2/ - Pilot operation with no significant production. $400,000 of cost i8 non-recurring development C08t8; $250,000 are f~r equipment 
with five year life 

3/ 3 - $15/= (r) delivered 

4/ 3 - $12. 75/m (r) of 'operating costa in addition to investment eosts. 



11

With regard to the oost of raw material supplies it is unlikely that, given in-
creased future demand in the region, the oost of loge at faotory gate, aupplied through
the traditional syetem, will remain at the present level. A long-term cost of logs
supplied by the traditional system of US$15/m3 at factory site in the estimate used here.
This is almost twice the present cost.

The mechanized syetem of logging proposed in the project and its exact cost will
depend on the result of the logging/inventory aurvey. For purposes of this analyeis it
has been aseumed that the system will require an estimated initial investment of

$2.3 million. Of the initial investment, $800 000 represents nonrecurring development
costs. The remaining $1.5 million has a fiveyear life. Table 8 sammarises log cost
assumptions using a combination of traditional and meohanized logging.

Benefits

Combining data about project autput over time shown in Table 2 and unit price
aseumptions as specified earlier, the total value of output can be derived. Estimates of
benefits from year 0 up threugh full development are shown in Table 9,

C. COMPARING COSTS AND BENEFITS

Boonomic Analysis

For the purposes of this evaluation, market values for all inputs aad outputs were
taken to reflect economic costs and benefits. Thus, no adjustments were made to market
prioes.

It waa considered that wood essentially had an opportunity oost of zero on the stump.
Even log exporting is not expected to be affected by the project. There are no apparent
structural (long term) unemployment problems in the mill area for the types of labour
used in the mill, so the wages and salaries paid were taken to represent economic cost as
well. In the case of the labour used in logging and initial transport to collection
points, the situation is more difficult to analyse. In the absence of fUrther information
on this element (which is not large in any case relative to other input costs), it was
assumed that the return to this labour also adequately reflectad economic) costs. With
regard to foreign exchange and capital, shadow prices for both should be establiehed on a
macro level. Since none were provided to the analysta by the Government, the market ex-
change rate and the nominal interest rate were used as measures of economic value. The
flow of estimated e9onomic costs and benefits over the life of the project (15 years) is
shown in Table 10.1/

Using these value estimates, the economic rate of return (ERR) of the project is
27 percent. Its net present worth (NPW), using a 12 percent discount rate, is US$9 824 000,

It is of interest to the Government to know the impact of the projeot on the balance
of payments (i.e., the net foreign exchange effect). This effect is summarized in Tábles
11 and 12.

Annual net foreign exphange earnings at full project development, taking into
account the foreign exchange component of logging costs, would be about $6 million. As
indicated in Table 129 the effect will vary from year to year, with a net outflow of
some US$ 7.6 million during the first two years.

The costs and benefits for the log export component were not calculated since log
exports were not part of the project, i.e. they did not require project investment, and
would have taken place with or without the project.

_
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35. With regard to the oost of rllll material 8I1ppUes it i. UJll1kelT that, given ill-
oreased future dell8Dd in the region, the oost of logs at faotol'7 gate , suppUed thrOllgh 
the t r aditional l11Bta- , will remain at the pt'!sent level. A 101l8""te~ 001110 of logs 
wppUed by the traditional system of USS157m3 at faotol'7 8ih ill the estillate need here. 
This is almost twioe the present oost. 

36. The meohanized system of lo~ing proposed in the projeot and its exact oost will 
depend on the rewlt of the logging/inventory survey. Por P\lrposes of this anal1Bis it 
has been assumed that the system will require Ill!. estimated initial investllMlllt of 
S2.3 million. Of the initial investment, S600 000 representa non- recurring development 
costa. The remaining S1.5 million has a five-year life. Table 6 BUlllDarises log ooat 
assumptions using a oombination of traditional and mechanized logging. 

Benefits 

31. Combining data about project output over time shown in Table 2 and unit prioe 
assumptions as specified earlier , the total value of outP\lt Olll!. be derived. Estimates of 
benefits trom year 0 up through full development are shown in Table 9. 

C. COMP AllING COS'l'S AND BENEPI'l'S 

Economic AnalysiS 

36. Por the purposes of this evaluat ion, market values for all inputs and outP\lta were 
taken to reflect economio costs and benefits. '!'hua, no adjustmenta were made to market 
prioes. 

39. It was considered that wood essentially had an opportunity oost of .... ro on the stump. 
Even log exporting is not expeoted to be affected by the projeot. There are no apparent 
struotural (long term) unemployment problems in the mill area for t he types of labour 
used in the mill, so the wages IIl!.d salaries paid were taken to repres ent econollio cost as 
well. In the case of the labour used in logging and initial transport to collection 
points , the situation is more difficult to anal1Be. In the abs ence of further information 
on t his element (which i s not large in 8ZJy ease relative to other input ooste), it was 
assumed that the r eturn to this labour also adequatelT refleoted eoonomio costs. With 
regard to foreign exohange and capital, shadow prioes f or both should be established on a 
macro level . Since none vere provided to the analTsts by the Government, the market ex­
change rat e and the nominal interest rate vere used as measures of economic value. The 
flow of estimated ~90nomio costs and benefits over the life of the projeot (15 years) is 
shown in Table 10~ 

40. Using these value estimates, the economic rate of return (ERR) of the project is 
27 percent. Its net present worth (NPW), using a 12 percent discount rate, is USS9 624 000. 

41. It is of interest to the Government to know the impact of the projeot on the balance 
of p~nt e (i.e . , the net foreign exchange effect). This effect is summarized in Tables 
11 and 12. 

42. Annual net foreign exphange earnings at full project development, taking into 
account t he foreign exchange component of logging costs , would be about $6 million. As 
indioated in Table 12, the effect will vary from year to year, vith a net outflow of 
some USS 7.6 million during the firet two years. 

if The cost s and benefits f or t he l og export component were not calculated since log 
exports were not part of t he project, i.e. they did not requir& project investment, and 
would have taken place with or without the pro j eot . 



Table 9- Phasing of Revenues

($US 1,000)

Product

Price

(FOB)3
US $/m

Year

0 1 2 3

4

and on

Plywood - Export (90%) 170 704 1,744 5,049 7,956 7,956

- Local (10%) 150 69 171 485 780 780

Green Lumber 50 - 115 775 1,425 1,500

Dried Lumber 80 - 80 536 984 1;040

Mouldings 125 - 100 737 1,288 1,350

Sliced Veneer 300 - - 60 120 150

Total 773 2,210 7,642 12,553 12,776

Product 

Plywood - Export (90%) 
- Local (10%) 

Green Lumber 
Dried Lumber 
Mouldings 
Sliced Veneer 

Total 

- 12 -

Table 9 - Phasing of Revenues 

($US 1,000) 

Price 
(FOB)3 

US $/m 0 1 

170 704 1,744 
150 69 171 

50 - 115 
80 - 80 

125 - 100 
300 - -

773 2,210 

Year 
4 

2 3 and on 

5,049 7,956 7,956 
485 780 780 
775 1,425 1,500 
536 984 1,-040 
737 1,288 1,350 

60 120 150 

7,642 12,553 12,776 



Table 110L Economic Analysia of Integrated Operation-

(US $1000)

11 Details in Table 5 and Appendices 1-3. 21 Detaila in Table 8 o Includes logging survey coat of $133,000 in year 1.

21 Details in Table 7 and Appendix 4. -I-11 Details in Table 8 Includes post of logs from traditional supplies.

J./ Assumed at 25 percent of civil works and structure values

Costs

Year

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1

2

Processing - 1nvestment-2-,
Processing - operatil7s-

478

512

9157

1929
407
3850 5159 5313

80
5313 5313 5313 5313 5313

231

5313

25

5313 5313 5313 5313

3 Logging - investmentz7 783 650 1000 250 250 1000 250 250 1000

4 Logging - operations- 60 450 1928 3216 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292

5 Total 1833 12186 7185 8375 8605 8935 8855 9605 8605 8605 9086 8880 9605 8605 8605

Benefits

6 Plywood 773 1915 5534 8736 8736 8736 8736 8736 8736 8736 8736 8736 8736 8736 8736

7 Sawnwood/moulding - 295 2048 3697 3890 3890 3890 3890 3890 3890 3890 3890 3890 3890 3890
8 Veneer - - 60 120 150 150 150 150 150 150 150 150 150 150 150

9 Salvage value- 400

10 Total 773 2210 7642 12553 12776 12776 12776 12776 12776 12776 12776 12776 12776 12776 13176

11 Net Benefits (Costa) (1060) (9976)-. 457 4178 4171 3841 3921 3171 4171 4171 3690 3896 3171 4171 4571

Table ~ Economic Analysis of Integrated Operation· 

(US $1000) 

Year 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Costs 

1 
1/ 478 9157 407 80 231 25 Processing - investment!! 

2 Processing - operat~~?9- 512 1929 3850 5159 5313 5313 5313 5313 5313 5313 5313 5313 5313 5313 5313 
3 .Logging - investment4! 783 650 1000 250 250 1000 250 250 ~OOO 
4 Lor,ging - operation&- 60 450 1928 3216 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292 

5 Totnl 1633 12106 7185 8375 8605 8935 8855 9605 8605 8605 9086 8880 9605 8605 8605 

'" Benefits I 

6 Plywood 773 1915 5534 8736 8736 8736 8736 6736 8736 8736 8736 8736 8736 8736 8736 
7 Sawnwood/moulding 295 2048 3697 3890 3890 3890 3890 3890 3890 3890 3890 3890 3890 3890 
8 Vcneer 5! 60 120 150 150 150 150 150 150 150 150 150 150 150 
9 Salvage value- 400 

10 Total 773 2210 7642 12553 12776 12776 12776 12776 12776 12776 12776 12776 12776 12776 13176 

11 Net Benefits (Costo) (1060) (9976)_. H7 4178 4171 3841 3921 3171 4171 4171 3690 3896 3t71 4171 4571 

!I Details 1n TobIe 5 and Append1ces 1-3. 1.! Details in Table 8 • Includes logg1ng sUlvey coat of $133,000 1n year I? 

2' -' Details in Table 7 and Appendix 4. if Details 1n Table 8. Includes ~08t o~ loge from traditional supplies. 

21 AB8umed at 25 percent of civil works Rnd strueture values 



2/
Operating cost at full developmenc-

Table 11 - Balance of Payment Effects at Full Development

(US $ 1000)

Estimate of foreign exchange components

1/
Investment- Total Foreign Exchange

existing plymill 247 247
new plymill 6,487 5,176
sawmill and moulding plant 1,630 1,366
veneer slicing plant 407 407
steam plant 1,015 947
transport equipment 256 256

10,037 8,399

direct production labor 1,206
supervisory and administrative

labor 893 -

auxiliary materials 1,700 1,400
repair and maintenance 222 100

electricity 678 500

sales cost 641 300
reforestation cost 61 -

5,413

Logging investment- 2,300

Logging operat47g cost at full
development- 3,292 1,975

Sales returns-

2,300

2,070

plywood 8,736 7,956
lumber 2,540 1,040
mouldings 1,350 1,350
sliced veneer 150 150

12,776 10,496

See Table 4 See Table 8

2/ 4/
See Table 6 See Table 9

Table 11 - Balance of Payment Effects at Full Development 

(US $ 1000) 

Estimate of foreign exchange components 

11 Inves tmen t'- Foreign Exchange 

existing plymil! 
new plymil! 
sawmill and moulding plant 
veneer slicing plant 
steam plant 
transport equipment 

21 Operating cost at full developmen~ 

direct production labor 
supervisory and administrative 

labor 
auxiliary materials 
repai~ and maintenance 
electricity 
sales cost 
reforestation cost 

Logging investmen~1 

Logging operat¢?g cost at full 
development:-

41 Sales returns-

plywood 
lumber 
mouldings 
sliced veneer 

]J See Table 4 

~l See Table 6 

]/ See Table 8 

/il See Table 9 

247 
6,487 
1,630 

407 
1,015 

256 

10,037 

1,206 

893 
1,700 

222 
678 
641 

61 

5,413 

2,.300 

3,292 

8,736 
2,540 
1,350 

150 

12,776 

247 
5,176 
1,366 

407 
947 
256 

8,399 

1,400 
100 
500 
300 

2,300 

2,070 

1,975 

7,956 
1,040 
1,350 

150 

10,496 



Table 12 - Phasing of Balance of Payments Effect

(US $ 1000)

Estimates based on detailed analysis of materials, equipment and service requirements

1/
Foreign Exchange Outflow-

0

478

1

7506

2

407

3 4

-

.5

80

6

-

Years

7

-

8

-

9

-

10

198

11

-

12

-

13

-

14

-Plant - investment
Plant - operating cost 198 798 1600 2196 2300 2300 2300 2300 2300 2300 2300 2300 2300 2300 2300

Logging - costs 594 715 1903 2090 2139 2302 2302 2789 2139 2139 2302 2302 2789 2139 2139

Sub-total 1270 9019 3910 4286 4439 4682 4602 5089 4439 4439 4800 4602 5089 4439 4439

Foreign Exchange inflow
Sales 704 1924 6382 10348 10496 10496 10496 10496 10496 10496 10496 10496 10496 10496 10496

New foreign exchang_e
(566) (7095) 2472 6062 6057 5814 5894 5407 6057 6057 5696 5894 5407 6057 6057inflow (outflow)

Table 12 - Phasing of Balance of Payments Effect 

(US $ 1000) 
Years 

0 1 2 J 4 '5 6 7 8 9 10 11 12 13 14 

1/ 
Fo~eisn Exchange Outflow-

Pl<lnt - investment 478 7506 407 80 198 
Plant - opcrutine cost 198 798 1600 2196 2300 2300 2300 2300 2300 2300 2300 2300 2300 2300 2300 
Loeging - costg 594 715 1903 2090 2139 2302 2302 2789 2139 2139 2302 2302 2789 2139 2139 

Sub-total 1270 9019 3910 4286 4439 4682 4602 5089 4439 4~39 4800 4602 5089 4439 4439 

Fore'i8n Exchange inflov 
Sales 704. 1924 6382 10348 10496 10496 10496 10496 10496 10496 10496 10496 10496 10496 10496 ~ 

U1 

Nt''''' foreign cxch.lO&.£ 
--Inil-o~ (outIlo\o') (566) (7095) 2472 6062 6057 5814 5894 5407 6057 6057 5696 5894 5407 6057 6057 

1/ Eetimntc8 based on detailed analysis of mnte~i818. equip~~nt and service requirement6 
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Table 14 - "Rural Fund" Payment Due on Logs

Years

Assumed value is $101m3 at point of takeover

2% of value of logs at point of takeover

0 1 2 3 4 and on

Total logs purchased

(1000m3)
4 30 138 238.5 245.0

Value of logs at
point of takeover

40 300 1380 2385
.

2450

2
Rural fund due 0.8 6.0 27.6 47.7 49.0

- 18 -

Table 14 - "Rural Fund" PaYf!1ent Due on Logs 

0 1 

Total logs purchased 

(1000m3) 4 30 

Value of logs at 11 
point of takeover 40 300 

Rural fund du~1 0.8 6.0 

11 Assumed value is $10/m3 at point of takeover 

11 2% of value of logs at point of takeover 

Years 

2 3 

138 238 . 5 

1380 2385 

27.6 47.7 

4 and on 

245 . 0 

2450 

49.0 
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Table 13 - Expenditures and Receipts Due to

Tax Legislation During Buildup Period

(US $ 1000)

11 From Table).

Tax rates in percent of value:

paid on local sales/Credited to co2pan7 on export sales.

Total received minus total due.

Year

0 1 2 3 4 and on

Local Sales

69 171 485 780 780Plywood
Sawnwood - 115 775 1,425 1,500

1/
Export Sales-

Plywood 704 1,744 5,049 7,956 7,956

Sawnwood - 80 536 984 1,040

Mouldings - 100 737 1,288 1,350

Veneer - - 60 120 150
Industrial Production and
Trade Taxes due "- /

Plywood (local sales) 10.1 24.8. 71.8 113.1 113.1

Sawnwood (local sales) - 3.4 23.2 42.7 45.0

Total Due 10.1 28.2 95.0 115.8 158.1

industrial Frounctilop ano
Trade Tax Credits ,y

Plywood export 102.1 252.9 732.1 1,153.6 1,153.6
Sawnwood export - 2.4 16.1 29.5 31.2

Mouldings export - 10.0 73.7 128.8 135.0

Veneer export - - 8.7 17.4 21.i

Total received 102.1 265.3 830.6 1,329.3 1,341.5

3/
Net amount received- 92.0 237.1 735.6 1,173.5 1,183.4

Sawnwood 3.0

Plywood and veneer 14.5

Mouldings 10.0
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Table 13 - Expenditures and Receipts Due to 

Tax Legislation During Buildup Period 

(US $ 1000) 

0 

1{ 
Local Sales-

Plywood 69 
Sawnwood -

1{ 
E~ort Sales-

Plyvood 104 
Sawnwood -
Mouldings -
Veneer -

IOQus,rial Production and 
~rade Taxes due 2[ 

Plywood (local sales) 10.1 
Sawnwood (local sales) -
Total Due 10 .1 

In~us~r1aI prOdUC~~ ana 
Trade Tax Credits. _ 

Plywood export 102.1 
Sawnwood export -
Mouldings export -
Veneer export -
Total r eceived 102.1 

Net amount receiveal' 92.0 

11 From Table.,. 

J:./ Tax rates in percent of value: 

Sawnwood 3.0 
Plywood and vene~r 14.5 
Mouldings 10.0 

Year 

1 2 

171 485 
115 775 

1,744 5,049 
80 536 

100 137 
- 60 

24.& 71 .8 
3.4 23.2 

28.2 95.0 

252.9 132.1 
2.4 16.1 

10.0 13.1 
- 8.1 

265.3 830.6 

237.1 735.6 

paid on local sales/c~edited to co=panJ on export sales . 

11 Total received minus total due . 

3 

180 
IJ425 

1,956 
984 

1;288 
120 

113.1 
42.7 

115.8 

1,153.6 
29.5 

128.8 
17.4 

1 329.3 

1,173 .5 

4 and on 

180 
1,500 

7,956 
1,040 
1,350 

150 

113.1 
45.0 

158.l 

1,153 .6 
31.2 

135.0 
21.i 

1 341.5 

1,183.4 
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I/
Assumed value is $10/m3 at point of takeover

,
2A of value of logs at point of takeover

Table 14 - "Rural Fund" Payment Due on Logs

Years

0 1 2 3 4 and on

Total logs purchased

(1000m3)
4 30 138 238.5 245.0

1/
Value of logs at

point of takeover
40 300 1380 2385

.

2450

2
Rural fund due 0.8 6.0 27.6 47.7 49.0
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Table 14 - "Rural Fund" PaYf!1ent Due on Logs 

0 1 

Total logs purchased 

(1000m3) 4 30 

Value of logs at 1I 
point of takeover 40 300 

Rural fund du~/ 0.8 6. 0 

1/ Assumed value is $10/m
3 

at point of takeover 

1/ 2% of value of logs at point of takeover 

Years 

2 3 

138 238.5 

1380 2385 

27.6 47.7 

4 and on 

245 . 0 

2450 

49.0 



I/ Benefits not exempt froto corporate taxei.

Table 15 - Financial Analysis of Integrated Operation

(US $ 1000)

0 1 2 3 4 5 6

Years

7 8 9 10 11 12 13 14 Sources/Comment
1 Expenditures
2 Processing - investment 478 9157 407 - - 80 - - - - 231 25 - - Table 10
3 Processing - operations 512 1929 3850 5159 5313 5313 5313 5313 5313 5313 5313 5313 5313 5313 5313 u

4 Wood supply - investment 783 650 1000 - - 250 250 1000 - - 250 250 1000 - - u

5 Wood supply - operations 60 450 1928 3216 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292 II

6 Loan

7

8

9

interest due - grace period
principal and interest repay

Rural fund payment 1

70

-

6

1010
-

28

1150
-

48

-

3Q34

49

-

3034
49

-

3034
49

3034
49

-

3034
49 49 49 49 49 49 49

Appendix5,

Table 14
10

1834 12262 8223 9573 11688 12018 11938 12688 11688 8654 9135 8929 9654 8654 865411 Total
12

13 Receipts
14 Sales
15

16
Domeetic
Export

69

704

286
1924

1260
6382

2205
10548

2280
10496

2280
10496

2280
10496

2280
10496

2280
10496

2280
10496

2280

10496
2280

10496
2280

10496
2280
10496

2280
10496

Tables 9, 12

17 Salvage value 400 Text
18 Loan
19

20

21

Plant
Loggint

l 1Net /pp.TT benefite

450,

250
92

9150
250
237

400

1000
736

-

-

1173

-

-

1183

-

-

1183 1183

-

-

1183

-

-

1183

-

-

1183

-

-

1183

-

-

1183

-

-

1183

-

-

1183

-

-

1183

Appendix 5

Table 13
22 Total 1565 11847 9778 13726 13959 13959 13959 13959 13959 13959 13959 13959 13959 13959 13959

23

24 Net Receipts (expenditures)
25 Before taxes (269) (415) 1555 4153 2271 1941 2021 1271 2271 5305 4824 5030 4305 5305 5705

26

27 Corporate taxes 1592 1660 1421 1751 1883 Text
28 Net Receitn (expenditures)after
29 taxes (269) (415) 1555 4153 2271 1941 2021 1271 2271 5305 3232 3370 2884 3554 3822

Table 15 - Pinancial Ana1lsis of tntesrated 0eeration 

(US $ 1000) 

Years 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Sources/Comment 
1 Expenditures 
2 Processing - investment 478 9157 407 80 231 25 " Table 10 
3 Processing - operations 512 1929 3850 5159 5313 5313 5313 5313 5313 5313 5313 5313 5313 5313 5313 " 4 Wo od supply - investment 783 650 1000 250 250 1000 250 250 1000 " 
5 Wood supply - operations 60 450 1928 3216 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292 " 
6 Lo~n 

7 interest due - grace period 70 1010 1150 Append1x5 · 
8 principal and intereat repay 3034 3034 3034 3034 3034 " " 
9 Rural fund payment 1 6 28 48 49 49 49 49 49 49 49 49 49 49 49 Table 14 

10 
11 Total 1834 12262 8223 9573 11688 12018 11938 12688 11688 8654 9135 8929 9654 8651, 8654 
12 
13 Receipts 
14 Sales ~ 

15 Domestic 69 286 1260 2205 2280 2280 2280 2280 2280 2280 2280 n80 2280 2280 2280 Tolbles 9. 12 '" 
16 I~)(rort 70', 192/, 6)82 10348 10496 10496 10',9 6 10(.96 10496 10496 10496 1049 6 10',96 10496 10496 
17 Salvage value 400 Text 
18 Loan 
19 Plant 450 , 9150 400 Appendix 5 
20 LOggi~ 1/ 250 250 1000 " 
21 Net IlT ' 'l'r bencfits- 92 237 736 117) 1183 1183 1183 1183 1183 1183 1183 1183 1183 118) 118) T.b1e 13 
22 Total 1565 11847 9778 13726 13959 13959 13959 13959 13959 13959 13959 13959 13959 13959 13959 
23 
24 Net Receipts (expenditures) 
25 Before taxes (269) (415) 1555 4153 2271 1941 2021 1271 2271 5305 4824 5030 4305 5305 5705 
26 
27 Corporate toxes 1592 1660 1421 1751 1883 Text 
28 Net Rccette {expendituree)after 
29 taxea (269) (415) 1555 4153 2271 1941 2021 1271 2271 5305 3232 3370 2884 3554 3622 

!I Benefits not exempt from corporate taxea . 
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D. SENSITIVITY ANALYSIS

The sensitivity of the measures of projeot economic worth to ohanget in assumptions
concerning values of a number of key parameters is shown in Table 16.

It is evident that only one alternative (No. 4) in Table 16 bring* the ERR down
below 12 peroent. This is the case when it is assumed that all coste are 20 percent higher
than the original assumption. If all costa were 15 percent hign;i(lo. 5 in Table 16), the
projeot would juat break even at 12 percent.

Sinos prices used to value outputs in the aealysis were conservative estimates, the
sensitivity of the ERR and NPW were also tested for output prioe inoreases. In Case No. 29
operating costs were increased by 4 percent and revenues by 2 percent on a compound baste.
As shown, this results in a slight increase in the ERR and NPW over results achieved in
the original analysis. Similarly, in Case No. 6 all costs and revenues with the exception
of salvage value, were inoreased by 10 percent over the values of the original assumptions.
The result is a slight inoraase in both ERR and NPW. More optimietic ohanges (increases)
in revenues would raise the ERR above 28 peroent and the DPW at 12 percent above US$11 million.

There is considerable uncertainty surrounding the coats for wood that will reuult
with the new mechanised logging system. Thus the sensitivity of the project's NPW and ERR
were analeeed for alternative, higher operating oosts for the mechanised system. The results
are as follows:

Delivered wood
oost (exol. investment) ERR NPW

(US$/m3(r) ) (Percent) (US; 1 000)

As indicated, in the unlikely event that operating oosts for the mechanised system
were twioe the expeoted oost used in the analysis, the ERR would drop to 9 peroent and the
NPW would become negative at 12 percent. With operating costs one and a half times the
original estimate, the ERR would only drop to 19 percent and the NPW would remain positive.

In sum, using 12 percent as the relevant discount rate or outoff rate, the project
remains viable under a variety of reasonable potential oost increase asemptions.

In connection with the financial seneitivity of the project, the finanoial cash
flow is the sane as the economic oaah flow, with the exoept ion of the loan, fiscal in-
centives and tax oomponents. The difference between the ERR and PER is dne entirely to
these componente. If the loan were halved, the PER would be 51 peroent. If the loan
were reAtered, the FRR would drop to 35 percent. Thus, even if the loan were not seceared,
the projeot would appear to be viable for a privete enterprise with an alternative rate
of return below 35 perdent.

12.75 (orig. aseumption) 27 9 824

25.50 (100% inorease) 9 (1 463)

19.13 (50% increase) 19 4 155
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D. SEliSITIVI!l'r ANALYSIS 

52. '!'hI! sensitivity ot the 1181U11U'.S ot prcjeot 8Oonoaio worlh to ohall&'811 in aslJWlPtion8 
oonoerning values ot a number ot key parameters ill shown in fable 16. 

53. It is evident that .,.ly on. alternative (Bo. 4) in Table 16 brings the DR elOW1l 
below 12 percent. Thill is the oue when it is uauaeel that all oost. _ 20 perc8l1t higher 
than the original asllUlllPtion. It all ooata were 15 percent higher (Bo. 5 in 'l'abl. 16), the 
projeot would just break even at 12 percent. . 

54. Sino. prioell us.d to value outputs in the 8Ilalysia ware oonservative e.tillllll:.lI, the 
sensitivity ot the ERR 8Ild NPW were also tested tor output prio. inore...... In Cue 110. 2, 
operating oosts ware incre .... d by 4 percent and revenues by 2 perc.nt on a compound basis. 
As shown, this results in a sUght inore ... e in the ERR 8Ilel NPW over results achieved in 
the original analysis. Siallarly, in Case lio. 6 all oosta .. d revenu.s with the exc.ption 
ot salvagoe value, were inoreued by 10 percent ov.r the values ot the original aslnUlptions. 
The result is a slight inoreue in both ERR and lIPW. Kore optiaistio ohangoes (increuea) 
in revenuell would raise the ERR abcve 28 percent .. d the lIPW at 12 percent abcve OSlll million. 

55. There ill considerable unoerlainty surrOllllding the ccats tor wood that will result 
with thll new .. oh8llised lcsging system. '!'hu. the .ensitivity ot the project' a lIPW 8Ilel ERR 
were 8Ilal,...d tor alternative, higher operating coats tor the III8Oh8lliHd s,..tsa. The results 
are as tollowsl 

Dali vered wocd 
cOllt (exel. investaent) ERR lIPW 

'OSllmJ'r) l , I!! 1'0 IIIIt ) 'OSI 1 000) 

12.75 (orig. asaa.ption) 27 9 824 
25.50 (1C)0~ inoreaae) 9 (1 463) 

19.13 (5~ inorBaae) 19 4 155 

56. As indicated, in the unlikely event that operating costa tcr the .. ohanised system 
vere twice the expected CCllt used in the 8Ilalysis, the DR would drop to 9 percent and the 
liPW would bsoC1118 negative at 12 percent. With operating costs one and a halt times the 
criginal eatiaate, the ERR would only drop to 19 percent "Dd the lIPW would rellain positive. 

57. In sua, using 12 percent ... the releYllllt di.count rate or outott rate, the prcject 
remains viable under a variety ot reaaonable potential coat increaae ... sumpticns. 

58. In connection with the tinancial sensitivity ot the prcject, the tinanoial cash 
tlow is the S8118 aa the econCllic caah tlow, vith the exception ot the lc ... , tisoal in­
oenUv .. and 10&1: coaponen1:a. '!'he differenoe betwe8l1 the ERR and !I'IIR i8 eme 8I1tirely to 
the lie ooaponente. It the 10 .. were halved, the !I'IIR would be 51 pero8l1t. It the lou 
were re_d, the PlIR wOllld drop to 35 percant. '!'hu8, even it the loan w.re not •• cured, 
the project would appear to be viable tor a printe enterprille with an alternative rate 
ct retum below 35 percent. 



Table 16. Sensitivity of Measures of Project Economic Worth to Changes in Assumptionwl/

1

2

3

4

5

6

21

No. New Assumption

operating costs for processing phase
increase by 4 percent per year on a
compound basis

operating costs and sale revenues
increase by 4 and 2 percent per
year respectively on a compound
basis

all costs 10 percent higher than
in Table 10

all costs 20 percent higher than
in Tablelo

all costs 15 percent higher than
in Table 10

all costs and revenues 10 per-
cent higher than in Table 10

.e12%

ER11 ,>272

521

10,797

Original ERE 27 percent and NPW SUS 9,824,000. The original value flow data are shown in Table

New NPW using 12

New ERR percent discount rate
(percent SUS 1000

14 674

28 10,750

E1111.!>12% 3,622

ERR <12% -Z,580
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Table 16. Sens1t1vity of Messures of Pro~ect Economic Worth to Chang •• in Aa.umpt10n.,!1 

No. New Assumption 

operating costs for procesping phase 
1 increase by 4 percent per year on a 

compound basis 

operating costa and sale revenues 

2 
increase by 4 and 2 percent per 
year respective).y on a compound 
basis 

all costs 10 percent higher than 
3 1n Table 10 

4 all costs 20 percent higher than 
1n Table 10 

5 
all costs 15 percent higher than 

1n Table 10 

6 all costs and revenues 10 per-
cent higher than in Table 10 

New ' E2R 
,(percent) 

14 

28 

ERR '!>12% 

E!IIl ,<12% 

F:!!R :>112% 

ERR :>27% 

New NPW uBing 12 
percent discount rate 

($US 1000) 

67'4 

10.750 

3.622 

-2,580 

521 

10,797 

1/ Original ElU1 - 27 percent nnd NPW - SUS 9,824,000. The original value flow data are shown in Table 
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APPENDIX 1

Present Plywood Plant Recommended New Equipment

Item Cost US$

1 Vasta hog 21 000
1 Green veneer pneumatic clipper 19 000
1 Torwegge type veneer composer complete with

Diehl type jointer and glue applioator 30 000
6 Sets Carboloy sizing saws 3 Rip 3 Cutoff 3 000
2 8 000 lb loft trucks 25 000
1 Dust extractor system Cyclone 15 000
1 Plywood prepress 15 000
1 Dump truck for hog fuel 8 000
2 Lay up hoists for spreaders 6 000

Total 142 000

Other Installations

Item Cost USS

Lathe waste conveyor to hog 2 000
Infeed and outfeed to hog 1 000
Hog conveyor to fuel storage bin or boilers 1 500
Direct hook up to clippera 7 500
Rebuild transfer infeed to clippers 2 500
Rebuild and extend green ohain offbearing tables 2 500
Build hog fuel storage bin 2 000
Relocation of sizing saws 3 000
Plywood prepress transfer rolls 3 000

Total 25 000

Grand Total 167 000
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APPDDlX 1 

Prea.e.d P!,yvoo4 Plant - Reo~eJl4ed II ... EquiPl!!nt 

!.!!! 
1 Vuta hog 
1 Oreen veneer pneuaatio olipper 
1 ~orwegge tTPe veneer oomposer oo~lete with 

Diehl t1P8 jointer &ftd glue applioator 
6 Sets Carboloy sizing ssws - 3 Rip 3 Cut ott 
2 8 000 lb lott truolce 
1 Dust extractor system - Cyclone 
1 P~ood pre-press 
1 Dump truok tor hog fuel 
2 Lq up hoiste tor spreaders 

Other Installations 

Lathe waste oonveyor to hog 
Inteed and outte.d to hog 
Hog oonveyor to fuel storage bin or boilers 
Direot hook up to olippers 
Rebuild transter inteed to olippers 
Rebuild and extend green ohain ottbearing tables 
Build hog fuel storage bin 
Relooation ot aiming sfllfs 
P~ood pre-press transter rolls 

Total 

Total 

Grand Tot al 

Cost US, 

21 000 
19 000 

30000 
3000 

25 000 
15 000 
15 000 
8000 
6000 

142 000 

Cost US, 

2000 
1 000 
1 500 
7 500 
2 500 
2 500 
2 000 
3000 
3000 

25 000 

167 000 
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APPENMX 2

New Plreill and Veneer Slicing Operatione

Plymili Plant Pype, Capacity end Investment Cost

The proposed plywood plant would have a productive capacity of 45 000 m3 of
finished plywood per annum on the basis of two ten hour shifts, operating 288 days per
Ealffil DI

The plant is designed to manufacture phenolic and urea resin bonded plywood from
four principal species.

Increasingly, other species can be utilized with improved log supply.

Recovery is based on 40% of cubic input to finished plywood. This is low by
international standards but has been taken as a conservative estimate in the light of
teohnical skills at present available.

The plywood would have a main building area of 11 - 12 000 m2. The buildings
would be of steel trame and other materials not subject to damage by insect or climatic
conditions in the area, and have reinforced ooncrete floors. Foundations for the major
equipment would be on piling.

Peeler log diameters would range from 45 om to 110 cm.

70 Veneer will be peeled on high production lathes fully equipped with dual spindles,
block charger and back pressure roll attachment. Veneer from the lathe will go direct to
the veneer olippers where usable widths and grades would be sized for further processing.

The green veneer would be dried in steam heated veneer dryers; moisture meters
would be installed at the autfeed and of the dryers to ensure maximum production and proper
moisture content for quality of bond in later process.

The veneer preparation department would consist of dry veneer recovery clippers,
manually operated, veneer jointers and veneer taping machines to procese the random width
veneers to fall sheet sizes for the gluing operations.

Two glue spreaders for each line would be provided for the lay up of veneer prior
to pre-pressing and hot pressing in 5 ft by 8 ft 20-opening hot presses, equipped with press
loader and unloader. Glue mixing facilities and storage for adhesives and components would
be adjacent to the main building at ground level, with the mixed glue being pumped to the
spreaders. The finishing department would consist mainly of a panel sizing unit, putty
patching facilities, wide belt speed sanders, crating, steel strapping, storage and
shipping a000mmodation. Reftse conveyors would be arranged for the disposal of waste
materials and a dust oollection system would be installed. Peeler cores would not be fired
in the boilers as presently but sawn to produce packaging orates or low grade lumber for
local sales. Storage antes for green veneer, dry veneer and finished plywood would be
provided. The movement of materials within the plant would be by lift trucks mad dollies.

Total installed power would be about 4 000 HP.

The loading or Chipping area would be in line with the storage area for finished
prodnots.
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APPDmI2 

Rew PlJ!ill 8Bd Veneer Slic1n«Operationa 

Pl:pill - Plant 'l'ne. Capacity 8Bd Inveetment Coat 

1. The propoaed p~ood plent would have a procmotive oapacit;r ot 45 OOC .. 3 of 
tinillhed p~ood p.r IIDDUII on the buis ot two ten hour .hitt ... op.rat ing 288 da.ys per 
BIU!I1I1. 

2. The plent is d.signed to IIBDUfacture phenolio end urea resin bonded p~ood trom 
tour prinoipal .. peoie •• 

3. Inoreaeing1;r. other speoi •• oan b. utilized with improved log aupp1;r. 

4. Reooftr;r is baaed on 40',( ot cubic in:pllt to tinished p~ood. This is low b;r 
international standards but haa been taken &8 a oonse ...... tift estillat. in the light ot 
t.ohnioal skills at present available. 

5. The p~ood would have a main building area ot 11 - 12 OOC 112. The buildings 
would be ot ste.l tr... and other materials not subjeot to daaage b;r inseot or olimatic 
conditions in the area. and have reintorc.d ooncrete tloors. Foundations tor the major 
.quipeent would be on piling. 

6. Peeler log di_ters wOll.ld rangs trom 45 om to 110 CII. 

7. Ven •• r will be p.el.d on high procmction lath.s fUll;r equipped with dual spindl.s. 
block oharger and back pr ....... re roll attachm.nt. V.neer trom the lathe will go direot to 
the vaneer olippers wh.re usable widths and grades would be .ized tor fUrth.r processing. 

8. The gre.n ftneer would be dried in steam heated ven.er dr;rers; moisture meters 
would b. in .. tall.d at the outt •• d end ot the dr;r.rs to .nsure lDaxilllWl procmotion and proper 
moisture oontent tor qualit;r ot bond in later proc.ss. 

9. '!'h. ftn •• r preparation d.partment would oond .. t ot dr;r vaneer reoover;r olippers. 
manual1;r operat.d. veneer jointers and ven.er taping lIachine .. to proces .. the random width 
vane.rs to tull sh.et sizes tor the gluing operations. 

10. Two glue .. pread.rs tor .ach line WOll.ld be provided tor the la.y up ot ven •• r prior 
to pre-pre"sin« 8Bd hot pre .. sing in 5 tt b;r 8 tt 2O-opening hot pre .. slIB •• quipped with pres .. 
load.r ad unloader. Glu. m1zing tacilities and storage tor adh.sives and cOllpon.nts would 
b. adjacent to the .aiD building at sround l.vel. with the m1zed glue being PIlIIP.d to the 
spreaders. The tinishing departaent would oonsist .... inl;r ot a panel .. ising unit. :pIltt;r 
patohing taciliti .... wide belt apeed sand.ra. orating. st.el strapping. storage and 
shippin« lIOo0a.0d.ation. Ratu •• oonve;rors would b. arranged tor the dispo .. al ot waste 
.... terial. ad a cmat oolleotion a;rstem would be install.d. Peeler oore .. would not be tired 
in the boilers u pre ... ntl;r but S8>lll to produoe packaging orat ... or low grade lumb.r tor 
looal aal... Storage areas tor green vane.r. dr;r Teaeer and tinished p~ood would b. 
providad. !h. IIOftaent ot materials wi thin the plant would be b;r litt truoks and dolli ••• 

11. '1'otal iutalled power would be about 4 OOC BP. 

12. The lcadin« or lIhippin« area would be in line with the .torage area tor tinillh.a 
pro_eta. 
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At this stage the equipment is listed only in suoh detail that the major quipment
items, capital cost and manufacturing oost estimates can be outlined.

Detailed equipment comparisons and design development work will be required to make
final decisions on such items as plant layout and equipment selection and have been accounted
for in the investment coot estimate.

Investment costa of new plymill are shown in Appendix 2, Table 1. Table 2 shows
equipment needs and capital cost estimates for the veneer slicing operation.
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At thill st. the equiJllMllt is 11.teel 0"17 1Jl noh detail that the .ajor .quipM"t 
items, oapital CCBt anel lI_tecturing OOBt ... ~i.at .. C8Il be O1ltl1"eel. 

14. Detaileel equiJllMllt comparisOJlII anel elesi&" el .... lop .. "t work will be requireel to .ake 
t1Jlal de01llio"8 on noh ite. as plMt l~01lt anel equiJllMllt •• laotio" 111>4 ha ... b.... ecoOllDted 
tor in the ' 1Jlve8tllent oost estinte. 

15. Investment ccsta ot "ew pl7mill are shown 1Jl Appenel1:J: 2, Table 1. Table 2 shows 
equipment neeels anel oapital OOBt estimates tor the van .. r slicing operation. 
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APPENDIX 2

Table 1 - Investment Cost - New Plymill

jEguipment

Debarker 90 000
Blooksaw 25 000
Front end loader 135 000

Bark hog 17 000
Lathe chargers 195 000
8, veneer lathes 435 000
Green veneer clippers 54 000
Green veneer core saws 30 000
Veneer waste hog 15 000
Veneer driers 525 000
Veneer moisture meters 33 000
Veneer jointers 90 000
Veneer tapers 36 000
Torwegge veneer composer 45 000
Glue spreaders 60 000
Lay up scissor hoists 18 000
Plywood pre-presses 45 000
20-opening hot presses 375 000
Hot press loader and unloaders 330 000
Glue mixers, tanks, scales etc. 30 000
Sizing and edging saws 105 000

Sub-total 2 688 000

2 Drum (1 top and 1 bottom) wide
belt speed sanders 150 000

Cyclone dust collection system 35 000

Air compressors 45 000

Veneer carts 9 000
Waste conveyors, waste hog machines 200 000
Fork lifts 100 000
Strapping tools 1 000
Maintenance equipment 25 000
Sharpening and grinding equipment 20 000
Spare parts 75 000

Total 3 347 000

B. Buildings including floor, lighting,
sprinklers, 11 240 m2 at 100 $/n1 1 124 000

C. Logyard 5 000 m2 17 000
Hoists, log6difting equipment 150 000
Log sorting 20 000

Total investment ztxoluding freight, installation, etc.) 4 658 000

B. 

C. 
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Bquip!l!nt 

Debarker 
Blookaaw 

Table 1 - InV1latllMltlt Cost - Ifew Pl:raill 

Pront end loader 
Bark hog 
Lathe chargers 
8' veneer lathes 
Green veDeer clippers 
Green veDeer core saws 
Veneer waste hog 
VeD.er driers 
Veneer moisture meters 
VeDeer jointers 
Veneer tapers 
Torwegge veneer oomposer 
Glue spreaders 
L~ up scissor hoists 
Plywood pre-presses 
2O-opening hot presses 
Hot press loader and unloaders 
Glue mixers, tanks, scales .to. 
Sizing ...,d edging s .... s 

Sub-total 

2 Drum (1 top and 1 bottom) wide 
belt speed sanders 

Cyclone dnst collection system 
Air oompressors 
Veneer carts 
Wa.ste conveyors, wa.ste hog meohines 
Pork lifts 
Strapping tools 
Maintenance equipment 
Sharpening and grinding equipment 
Spare parts 

Buildings inoluding floor, lightin~, 
sprinklers, 11 240 m2 at 100 Sim 

L ogyard 5 000 m2 

Hoists, log-lifting equipment 
Log sorting 

Total 

Total investment (exolucl.ing freight, installation, etc.) 

~ 

90000 
25 000 

135000 
11000 

195 000 
435 000 
54000 
30000 
15 000 

525 000 
33000 
90000 
36000 
45000 
60000 
18 000 
45000 

375 000 
330 000 
30000 

105 000 

2 688 000 

150 000 
35 000 
45 000 
9000 

200 000 
100 000 

1 000 
25000 
20000 
75 000 

3 347 000 

1 124 000 

17 000 
150 000 

20 000 
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APPENDIX 2

Table 2 New Veneer.Slioingllarátim

njor Equipment and Capital Cost Estimate

Item Cost Installed

1 Overhead hoist and monorail 3 000
Motors, starters, wiring 4 000

1 8 ft vertical type of veneer slicer complete
with carriage and oontrols 85 000

1 Single line endless bed veneer drier 100 000

1 Veneer guillotine jointer 30 000

2 Diehl veneer tapers oomplete with motors
and controle 25 000

1 8 000 lb lift truck 10 000

25 Veneer dollies for transport of veneer within
the plant 3 000

2* Sunken steam or hot water vats 10 000

1 20 litre glue mixer and other miscellaneous
supplies 5 000

Total Slicer Operation Equipment 275 000
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Table 2 - New Veneer ,Slioing Operation 

Major Equipment and Capital Coat Estimate 

1 Overhead hoist and monorail 
Motors, starters, wiring 

1 8 it ~rtioal type of v.neer slioer oomplete 
with oarriaaa and oontrols 

1 Single line endless bed veneer drier 
1 Veneer guillotine jointer 
2 Diehl veneer tapers oomplete with motors 

and oont ro la 
1 8 000 lb lift truok 

25 Veneer dollies tor transport ot veneer within 
the plant 

2 Sunken steam or hot water vats 
1 20 litre glue mixer aDd other misoellaDeons 

supplies 

Total Sli~er Operation - Equipment 

Cost lnst alled 
I US 

3000 
4000 

85000 
100 000 
30000 

25000 
10 000 

3000 
10 000 

5000 

215 000 



Total products for sale

Waste
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APPENDIX 3

Sawmill and Moulding Plant

A. 'IrmoD5CTION

The general concept in the design of the sawmill is to provide equipment and a
process flow which is to be operated and maintained according to the required high produc-
tion capacity and to the given special conditions of the raw material and the technological
level of the available manpower.

The raw material consists qf logs of different tropical species (up to 30 and more)
with a density range from 400 kgbe to 800 kg/m3. The diameters vary from 40 cm to about
1.5 m with an average of About 60 cm.

The presently available labour force and supervisory staff shows a medium level
technological expertise but it seems to be able to advance with the future requirements of
the production.

Accordingly a band sawmill has been selected having an intermediate level of mechani-
zation but which can be more highly mechanized at a larger stage.

B. SAWMILL AD MOULDING PLANT: OUTLINE OF PRODUCTION PROCESS

5. (i) Basic technical data:

Input 120 000 m3 logs/yr
Operating period 2 x 10 hr. shifts/0Y

288 days/yr

Average log size diameter : 0.43 m
length : 4.00 m
volume : 0.57 m3

Recovery sawn lumber 55%
all products 45%

Output products 30 000 m3 green lumber
13 000 m3 dried lumber
8 640 m3 nett moulding for panelling walls

and ceilings
2 160 m3 net other mouldings

53 800 m3 . 45% net recovery

62 800 m3 (600 kg/m3 density absolutely dry)
32 680 tone absolutely dry
All products : 53 800 m3
Waate : 62 800
Shrinkage lost : 3 400 re

Total 120 000 m3
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Sawmill and Moulding Plant 

A. IIi'l'JI)IDCTION 

1. The general conoept in the design of the s ..... ill is to provide equipment and a 
process flow which is to be operated and maintained acoording to the required high produc­
tion capecity and to the given speoial conditions of the raw material and the technological 
level " of the available manpower. 

2. The raw material consists of loge of different tropical species (up to 30 and more) 
with a density range from 400 kg/mj to 800 kg/m3• The diameters vary from 40 cm to about 
1.5 s with an average of about 60 am. 

3. The presently available labour foroe and supervisory staff shows a medium level 
teohnologioal expertise but it seems to be able to advance with the fUture requirements of 
the production. 

4. Accordingly a band s ...... ill has been selected having an intermediate level of mechani-
zation but whioh can be more highly mechanized at a larger stage. 

B. SAlIMILL AND JIlULDING PLANT: OUTLIIIE OF PIIlIDCTION PIIlCESS 

5. (i) Basic teohnioal datal 

Input 
Operating period 

Average log size 

Reoovery 

Output produots 

Total products for sale 

Vaste 

120 000 m3 loge/yr 
2 x 10 hr. shirts/ciaIr 
288 d8JB/yr 

- diameter 0.43 m 
- length 4.00 m 
- volume : 0.57 m3 

sawn lumber : 55% 
all produots I 45% 

30 000 m3 green lumber 
13 000 m3 dried lumber 
8 640 m3 net, moulding for panelling walls 

and ce ilinge 
2 160 m3 net other mouldinge 

53 800 m3 - 45% net recovery 

62 800 m3 (600 kg/m3 density absolutely dry) 
32 680 tons absolutely dry 
All products : 53 800 ,.3 
Waste 62 800 m33 
3hr inkage lost : 3 400 m 

Total 120 000 m3 
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(ii) Primary log breakdown:

'No log 'handsaws with carriages of heavy duty, mechanised with hydraulio
clips, log turner ("nigger"), log loader ("flippern) and reception arme.

The log-bandsaws and carriages would remove the outeide slabs and out
the centre of the logs into canta and side pieces.

In case of a breakdown at the secondary equipment (ro-eaws) the log-
bandsaws would do more cutting; they would also produce lamber for edging.

(iii) Seoondary breakdown equipment:

Following the log 'handsaws and carriages, the secondary equipment would
consist of 3 band re-aaws for re-sawing the cant to raw boards for
mouldings and 2 twin-edgers for edging the side pieces and the lumber
out for sale.

An undertable crosscut saw should trim the side pieces if it is neoessary.

(iv) Cutting procedures:

The 3 re-saws should be interconnected by transport facilities in a way
that the canta, not having been cut completely in the first passing, can
return to the second or to the first re-saw (merry-go-round). The tressport
of canta, slabs and boards has to be mechanized with longitudinal and
transversal conveyore.

90 (v) Impregnation, trimming and grading of green lumber for sale:

At the end of the cross transfer green chain, the green lumber for sale
should be classified, impregnated, trimmed and marked.

Dry4g:

In the pre-drier the lumber should be dried from green to a uniform
moisture content of about 30%. In this manner the kiln-drying equipment
could be used more effectively and overall costs would be reduced as
compared with a system of exclusive kiln drying.

TWo kiln-driers should establish the final moisture content of the
dried product at about 12%.

At the lumber yard packages sorted by species should be collected to
complete loadinge for the pre-drier. All transport dhauld be made with
fork-lift trucks.

11. (vii) Moulding plant:

The dried lumber should be moulded, trimmed, bundled and packed. The
dried lumber for sale should be trimmed and classified in the same plant.

10. (vi)
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6. (ii) Primar,y log breakdoll!l: 

(iii) 

8. (iv) 

(v) 

10. (vi) 

11. (vii) 

Tvo log bandsawa with oarriages of heavy dDt 1', Mohaahed with Iqdr_lio 
olips, log turner (tfnigger"), log loader ("flipper",> and reoepUOIl _ •• 

The log-bandsaws and oarriages would reaove the outside slab. IIBd out 
the centre of the loge into oants and aide pieoee. 

In oase of a breakdown at the secondary equiplll8nt (re-eawe) the log­
bandeaws would do more cutting; they would also prodDce lumber for ed&ing. 

Seoondary breakdown equipment: 

Following the log bands...,. and carriages, the aecondary equiPlMnt would 
consist of 3 band r_saws for rB-8...,ing the oant to raw boards for 
mouldinge and 2 twin-edgers for edging the side pieoeB and the lumber 
out for sale. 

An undertable orossout s..., should trim the side pieces if it is neoessary. 

Cutting prooedures: 

The 3 r_s...,s should be interconneoted by tranaport facilitiea in a wlq 
that the cants, not having been out completely in the first passing, oan 
rsturn to the seoond or to the first re-S811 (me~rOUDd). The trmtSport 
of cants, slabs and boards has to be mechanized with longitudinal and 
transversal oonveyors. 

Impregnation, trimming and grading of green lumber for salel 

At the end of the oross transfer gresn chain, the green lumber for sale 
should be olassified, impregnated, tri ... ed and marked. 

Drying: 

In the pr~ier the lumber ehould be dried from green to a uniform 
moisture oontent of about 3O;t. In this manner the "kiln-drying equipment 
could be used more effectively and overall oosts would be reduced as 
oompared with a system of exolusive kiln drying. 

TWo kiln-driers should establish the final moisture oontent of the 
dried produot at about 12%. 

At the lumber yard packages sorted by 
complete loadinge for the pre-drier. 
fork-lift truoks. 

Moulding plant I 

speoies should be oolleoted to 
All transport should be made with 

The dried lumber should be moulded, trimmed, bundled and packed. The 
dried lumber for sale should be trimmed and olassified in the same plant. 
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Major Equipment Items

12. Sawmill

(1) Cutting equipment
HP

2 lcD. bandsaws 400
20 m/min. each
65 ft/min. each

3 re-saws 300
22 m/min. each
72 ft/min. each

2 twin-edgers 100
34 m/min. each
110 ft/min. each

1 undertable cross-cut
saw 5

1 three-saw trimmer 10

(2) r_leConvei-tent

1 log-cutter 15

1 log-haul 10

(0) 3 log-kickers 6

2 live log-decks 10

153 m. roller conveyor )
100

24 m, re-saw feeding c. )-

54 m. green chain transfer 40

(3) Other sawmill egatEment_

saw-dust conveyor

waster transfer

waste hog ) 175

compressor, etc.

saw sharpening equipment)

(4) Internal transport

2 front-fork lift trucks
3 tons capacity each

Investment Cost

USS 480 000

US$ 115 000

US$ 25 GOO

US$ 620 000
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Kajor Equipment Items 

12. S ...... i11 

(1) Cutting equipment 
.1!L Investment Cost 

(a) 2 l~ bandsaws 400 
20 min. each 
65 tt/min. each 

(b) 3 re-saws 300 
22 m/ min. eaoh 
72 tt/min. each 

(c) 2 twin-sdgers 100 
34 m/min. each 
110 ft/min. each 

(d) 1 undertable crose-cut 
saw 5 

(e) 1 three-saw trimmer 10 

(2) Conve12r equil!!!!ent 

(a) 1 log-cutter 15 

(b) 1 log-haul 10 

(c) 3 log-kickers 6 

(d) 2 live log-decks 10 

(e) 153 m. roller conveyor ) 
100 

(f) 24 II. rB-saw feeding c. )'" 

(g) 54 m. green chain transfer 40 uss 480 000 

(3) Other sawmill 8s:!!il!mBnt 

(a) saw-dust conveyor ) 

(b) waster transf" r ) 

(c) wash hog ) 175 

(d) compressor, etc. ) 

(e) saw sharpening equipment) 

usa 115 000 

(4) Internal trsnsl!ort 

2 front-fork lift truoks 
3 tons capacity Bach US$ 22 000 

us, 620 000 



13. Drying equipment

(1) 1 preseasoner
9 x 2 r 40 mP .2 375 m3

Board cap.

(2) 2 drying kilns 150 US$ 200 000
7 x 4.5 x 2D m3 c.o. . 300 m3 each

14. Moulding equiPment.

3 six cutter planer and 135 US$ 35 000
moulder
15 m/min. each
50 ft/min. each

1 tour cutter planer and 16 US$ 7 000
moulder
11 m/min.
35 ft/min.

1 three-saw trimmer 15 US$ 5 000

bundling equipment US$ 1 000

Total investment for equipment
and machinery 1 552 HP US$ 928 000

Electricity consumption : 1 552 HP - 1 130 kw . 1 614 KVA i 20 hr z 288 days

ic 0.8 (utilization factor) - 7 436 800 Kwh/year
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HP Investmont Cost

50 US$ 60 000

13. 

14. 
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Drying eguipmellt 

~ InY8.~a.Dt Cos~ 
(1) 1 preseaeoner 

50 usa 60 000 9 x 2 x 40 m3 D 375 ,.3 
Board oap. 

( 2) 2 drying kilns 150 
7 x 4.5 x 20 m3 c.o. _ 300 ,.3 each 

usa 200 000 

Mouldin! e!il!!ii!Jlent 

(1) 3 aix cuUer planer and 135 USa 35 000 
moulder 
15 ..,tmin. each 
50 n/min. each 

(2) 1 four cutter planer and 16 US, 7000 
moulder 
11 m/min. 
35 n/min. 

(3) 1 three-a .... ~rimlller 15 usa 5000 

(4) bundling equipment usa 1 000 

Total investmen~ for equipment 
and IIIIIOhine17 1 552 RP US, 928 000 

Electrioity oonBUllPtion I 1 552 RP - 1 130 kw - 1 614 KVA x 20 hr x 288 ~ 

x 0.8 (utilization factor) _ 7 436 800 Kwh/year 



Ingredient

A. Phenolic Glues
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APPENDIX 4

Esti,mM.edE. erMb_2ECon mts- Processin

Estimate of cost of aaxiliary materials at Pall project development, including
coat of glues in plywood production

Estimate of Costs of Glues in Plywood Production

Quantity Consumed
per m3 of Plywood Price Total Cost

(kg) TUT- 5-e7711737--

(A) Plymill US$ p.a.

(a) Glues 987 786.60
(b) Other aaxiliary material (US$8030/m3 produced) 433 333.30

Total 1 421 119.90
Rounded 1 420 000

(B) Sawmill/Moulding/Slicing Plant

(a) Knives chemicals, etc.
US$ 2 ;13 sawn wood 132 000
US$ 1 m3 mouldinge

(b) Packaging material
3% of f.o.b. value of mouldinge azul sliced veneer

10

_15

800

000

Total 187 800

Rounded 190 000

(C) Services

40 833.30- Mainly hooks, cables US$ 0.17/m3

- Axel for boats (additional) 22 000.00
- Other 16 666.60

Total 79 499.90
Rounded 80 000

Phenol Resin 37.0 0.4 14.8
Hardener HP4 15.0 0.215 3.225
Albapin 1.5 1.06 1.59
Flour 1.5 0.206 _21222

Total 19.924
Rounded 20
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APPENDIX 4 

Estimated Operating Costs - Processing Stage 

Eati.mate of co~t of . auxiliary materials at fUll projeot development, inoluding 
cost of glues in plywood production 

A. 

(A) PlJmill 

(a) Glue" 

(b) Other auxiliary material (usl8.3o/m3 produced) 

Total 

Rounded 

(B) Sawmill/Moulding/Slioing Plant 

(a) Knives, ohemicals, etc. 
USa 2 m3 sawn wood 
usa 1 .,3 mou ldings 

Packaging materi .. l 
3% of f.o.b. value of mouldings and sliced veneer 

(C) Servioes 

- Mainly hooke, cables US$00111m3 

- Puel for boats (additional) 

- Other 

Tot .. l 

Rounded 

Total 

Rounded 

Estimate of Costs of Glues in Plywood Production 

Quantity Consumed 
In.<rredient l2er m3 of P!n!ood Price 

(kg) "(Usi) 
Phenolic Glues 

Phenol Rasin 31;0 004 
Hardener HP4 15.0 0.215 
Albapin 1.5 1.06 
Flour 1.5 0.206 

Total 

Rounded 

usa p .... 

981 186.60 

433 333.30 

1 421 119.90 

1 420 000 

132 000 
10 800 

45000 

181 800 

190 000 

40 833.30 

22 000.00 

16 666.60 

19 499.90 

80000 

Total Cost 
(per m3) 

14.8 
3.225 
1·59 
0.309 

19.924 

20 
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Quantity Consumed
Ingredient per m3 of Plywood Price Total Cost

(kg) WEFT (per m3)

B. Urea Formol Glues

Urea Resin 27.0 0.235 6.345
Hardener PR-40D 1.0 0.315 0.315
Flour 16.0 0.206 3.296
Emulsion PF 3.0 2.10 -113.--

Total 16.256

Total additional cost of glues at full development:

40 000 m3 phenolic a 20 800 000

12 000 m3 urea formol a 16.25 195 000

US$995 000

Cost of the Reafforestation Pro amme

Year 1 2 2 A

Logs utilized ('000 m3) 4 20 138 239 245

Annual cost of reafforestation 1 5 34.5 60 61.3
(US$ 1 000)

Estimate of Electricity Costs

Sawmill/
Moulding Elymill Total

Installed power (hp) 1 600 4 000 5 600

Installed power (kw) 1 176 2 940 4 116

Installed power (kva) 1 680 4 200 5 880

Operating Houre p.a. * * * * * * * * * * 5 760 * * * * * * * * *

Utilisation factor of
installed electrical
equipment

KWH consumed p.a. 7.7 19.4 27.1

million million million

Cost per KWH - $0.25 -

Electricity cost p.a. US$ 192 500 US$ 485 000 US$ 677 500
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Quantity COD8Wlled 
Ingredient i!er a3 of P mood Prioe 

(kg) lilslT 
B. Urea Formol Glues 

Urea Resin 27.0 0.235 
Hardener li'H-40D 1.0 0.315 
Flour 16.0 0.206 
Emlsion TF 3.0 2.10 

Total 

Total additional oost of glues at full development: 

40 000 1D3 phenolio x 20 • 800 000 

12 000 m3 urea fOrDlOl x 16.25. 195 000 

US$995 000 

Cost of the Reafforestation Progr ..... e 

Year 

Logs utilized ('000 m3) 

Annual ooat of reafforestation 
(US$ 1 000) 

1 
4 

1 

2 l ~ 

20 138 239 

5 34.5 60 

Estimate of Eleotrioity Costs 

S_il1/ 
lloulding Plymill 

1 600 4000 

1 176 2940 

1 680 4200 

Total Coat 
(per IDS) 

6.345 
0.315 
3.296 
6.3 

16.256 

2 
245 

!2!!! 
5600 
4 116 

5880 

Inst alled power (hp) 

Inetalled power (kw) 

Installed power (kva) 

Operating Hours p.a. ***·******51~********* 

Utilisation faotor of 
installed eleotrioal 
equipm_t 

KWH oonsumed p.a. 7.7 
million 

Cost per KWH 

Bleotrioity OOBt p.a. usa 192 500 

0.8 

19.4 
million 

$0.25 

usa 485 000 

27.1 
million 

US$ 677 500 
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Estimate of Management and Labour Cost

Workers

apatriate Staff during Bunning-in,Period (1 year)

1

4
14
1

1

2

24

2

1

1

12

5
19

6
1

8

30

Managing Director
Directora
Managers
Chief Accountant
Company Doctor
Foresters
Total
Social Charges 60%

Superintendents, supervisora
Engineers
Sam Doctor
Staff Nurse
Buyers
Lagoon Foremen
Plymill Foremen
Sawmilling/Moulding Foremen
Slicer Plant Foreman
Maintenance Foremen
Secretarial Staff, Clerks, Drivers, etc.

Total
Social Charges 80%

Per Month Per Amara
WW-
20 000

64 000
140 000
10 000
lo 000
20 000

7.6470
1,8 400

(US$)

1 666.60
133.30
833.30
833.30
833.30
833.30

300
300
300

422 400

97 166.60

169 000.00

i66.60
166.60
166.60
166.60
166.60
166.60
166.60
166.60

261 166.60
208 933.30
470 099.90

1 Technical Director Plymill 5 000 60 000
1 Technical Director Sawmill 5 000 60 000
1 Production Manager Plymill 4 000 0 000

168 000

182 Sawmilling/Moulding 66.60
26 Veneer Slicing 66.60
20 Lagoon 66.60

424 Plymill 66.60
50 Boat Crews 66.60
20 Power/Boiler 66.60
12 Maintenance Sawmill 66.60
20 Maintenance Plymill 66.60

Total 603 200
Social Charges 100% 603 200

7-27-T5U
Total Labour Cost USS 2 098 899
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Estimate ot MBn8fS!mant Bnd LBbOlU' Cost 

1 Managing Direotor 
4 Direotors 

14 Maaagers 
1 Chief Acoountant 
1 Company Doctor 
2 Foresters 

Total 
Sooial Charges 601> 

24 Superintendents, supervisors 
2 En",ineers 
1 5 .... Dootor 
1 Statt Nurse 

12 Buyers 
5 Lagoon Poremen 

19 Plymill Foremen 
6 SawmillingfMoulding Foremen 
1 Slioer Plant Foreman 
8 Maintenanoe Foremen 

30 Secretarial Staft, Clerks, Drivers, etc. 
Total 
Sooial Charges 801> 

Workers 

182 SawmillinB1Moulding 
26 Veneer Slicing 
20 Lagoon 

424 Plymill 
50 Boat Crews 
20 Power/Boiler 
12 Maintenance Sawmill 
20 Maintenanoe Plymill 

Total 
Soc ial Charges 1 Oaf, 

Total Labour Cost 

Expatriate Statf during Runnins-in Period (1 year) 

1 Technioal Director Plymill 
1 Technical Direotor Sawmill 
1 Production Manager Plymill 

Per Month 
(usl) 

1 666.60 
133.30 
833.30 
833.30 
833.30 
833.30 

300 
300 
300 
166.60 
166.60 
166.60 
166.60 
166.60 
166.60 
166.60 
166.60 

66.60 
66.60 
66.60 
66.60 
66.60 
66.60 
66.60 
66.60 

5 000 
5 000 
4000 

Per ArlmuI 
(usl) 

20 000 
64000 

140 000 
10 000 
10000 
20 000 

264 000 
158 400 
422 400 

91 166.60 

169 000.00 
261 166.66 
208 933.30 
410 099.90 

603 200 
60~ 200 

1 20 400 
uss 2 098 899 

60000 
60000 
~ 000 

1 000 



1% of investment cost p.a.

E/ 2.5% of investment cost p.a.

)

Estimate of Re air and Maintenance Cost

(Supplementary)

Civil Works
mud Buildin
CUSS p000) PIP2TO.men'401:7) (UbI wu0)

Total

Existing Plymill
(new investment) 6.2 6.2

New Plymill 13.8 123.9 137.7

Sawmill and Moulding Plant 2.6 34.2 36.8

Veneer Slicing Plant 10.2 10.2

Steam Plant 0.7 23.7 24.4

Transport Equipment 3.1 3.1

Wood Assembly Equipment 3.3

Total 17.1 204.6 221.7

- .)v -

lilriimate ot Repair III1d Mainhnll1108 Cost 

(SuppleJDent~) 

Civil Wora pY 
IIIld Buildin 
(ust fOOO) ~i nti/ .if800u) 

Existing Plyaill 
(new investment) 

!lev Plymill 

SRlfljjill and JlOillding P18llt 

Veneer Slicing Plant 

Steam Plant 

'l'ransport Equipment 

Wcod Assemb~ Equipmsnt 

Total 

y 1% ot investment ccst p.a. 

?J 2.']1, ot investment cost p .... 

6.2 

13.8 123.9 

2.6 34.2 

10.2 

0.7 23.7 

3.1 

- 3.3 -
17.1 204.6 

'l'otal 
(USi IWV) 

6.2 

137.7 

36.8 

10.2 

24.4 

3.1 

3.3 

221.7 
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APPENDIX 5

Loan: Derivation of Interest and Princi al Re ; Is

Conditions: 3-year grace period on principal repayment and

10% interest with full repayment by year 9.

ent

Note: Repayment of principal (and interest) for the last five years could
also bave been obtained by using the capital recovery multiplier formula,

r.

, where i 10% and n . 5 years. Looking this factor up

(11)n -

in standard tables and multiplying it (0.2638) times the principal out-
standing ($11 500 000) we arrive at the annual payment of 83 034. Note
also that interest is not paid until the year after the loan is received
(see years 1-3).

Year
New Loan Given
(beginning year)

End of Year Total Loan
Outstanding

Beginning year payments
Interest Principal Total

1 700

(US$ 1 000)

700

2 9 400 10 100 70 - 70

3 1 400 11 500 1 010 _ 1 010

4 - 11 500 1 150 - 1 150

5 - 9 616 1 150 1 884 3 034

6 - 7 544 962 2 072 3 034
7 _ 5 264 754 2 280 3 034
8 - 2 757 526 2 507 3 034

9 - - 276 2 757 3 034
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APPENDIX 5 

Loan: Derivation of Interest and Principal Repa,yment 

Conditions: 3-year grace period on principal rep~ent and 

10% interest with full rep~nt by year 9. 

Year 

1 

2 

3 

4 

5 

6 

1 

8 

9 

Note: 

Beginning year p~nts 
Interest Princi al Total 

100 

9 400 10 100 10 10 

400 11 500 1 010 1 010 

11 500 1 150 1 150 

9 616 1 150 1 884 3 034 

1 544 962 2012 3034 

5 264 754 2 280 3 034 

2 751 526 2 507 3 034 

216 2 151 3 034 

Rep~nt of principal (and interest) for the last five years could 
also bave been obtained by using the capital recovery multiplier formula, 

, where i m 10% and n c 5 years. Looking this factor up 

in standard tables and multiplying it (0.2638) times the principal out­
standing ($11 500 000) we arrive a.t the annual p~nent of $3 034. Note 
also that inte .. est is not paid until the year after the loan is received 
(see ;years 1-3). 
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Preface

This is one of a series of case studies of forestry and forest industries projects
that has been prepared by the Food and Agriculture Organization of the United Nations (FAO)
in order to demonstrate methods of identifying, preparing and appraising projects in the
forest sector. The programme of case studies has been made possible by a special
allocation to FAO for this purpose from the Swedish International Development Authority
(SIDA). This case study has been compiled by FAO with the assistance of the College of
Forestry at the University of rinnesota.

The project reported on in this case study is a project of the Government of Kenya
which has been supported by a loan from the World Bank. The case study is based largely
on material contained in an appraisal of the project carried out by the World Bank (Report

Nos 706KE). Additional information was gathered through a visit to the project. Tho
case study describes the project as it was perceived at the time of appraisal in 1974.
ThiF; material has been released to FAO by the World Bank and the Government of Kenya
exclusively for the purpose of teaching forestry planning methods. It may not be quoted
or reproduced in part or in whole without permission.
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ABBREVIATIONS

ERR . Economic rate of return

F.O.B. . Free on board

FRR . Financial rata of return

CURMENCY EQUIVALadS

Currenoy Unit Kenya Shilling (KSh)

US$ KSh 7.14

KSh 1 US$ 0.14

K11 USS 2.80
KSh 20
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ABBIlEVIA'l'IOIIS 

ERR - Economic rate or return 

P.o.B. - Pre. on board 

PRR - Pinlll10ial rat. or return 

CUBIIERCT B!pIVALER'l'S 

Currenoy Unit - Kenya Shilling (KSh) 

US, 1 - KSh 7.14 

KSh 1 - usa 0.14 

XL 1 - US, 2.80 - KSh 20 
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INTRODUCTION

This case study is based upon a project which is past of Kenya's continuing industrial
sawlog and pulpwood production programme2/. It is a "time slice" project covering planta-
tion activities during the years 970-1975. A continuation project, started in 1975, is
covered in a separate case stu

The project involves the establishment and maintenance of about 19 400 ha of sawlog
plantations and 9 350 ha of pulpwood plantations located in the Kenyan highlands. The
pulpwood plantations will be established near the proposed site of Kenya's first pulpmill.
The mill is expected to be built during the first years of the plantation project and will
have an annual output of 50 000 metric tons, almost all of which will be consumed domestic-
ally. Local sawmills are expected to process all of the sawlog output. Half of the sawn-
wood produced is expected to be consumed domestically and half exported, mostly to the
Middle East and Europe.

In addition to plantations, the project includes roads, buildings, vehicles and
equipment for Kenya's continuing plantation programme. The project expenditure over the
sim-year period of plantation establishment totals approximately USS 4.0 million.

The case study is divided into five sections. Section A provides background to the

project. Section B gives the specific technical details of the project, including estimates
of input requirements and output levels. Section C analyses project costs, while Section D

discusses project benefits. Section E provides a comparison of costs and benefits and
looks at the sensitivity of the economic analysis and the economic rate of return (EFR) to

changes in assumptions concerning input and output values.

The present oase study raises many of the issues commonly associated with appraising
industrial afforestation projects. These issues include a number of shadow pricing points,
relating to the value of labour, forest land and the project outputs. It also provides
background for discussion of a number of forest management issues (including questions of
thinning regimes and separate or joint production of sawlogs and pulpwood)1/. Finally, in
combination with the case study of the followup project, it provides useful insights into
how information availability and thinking about a major plantation programme evolved over
time.

A. BACKGROUND

Kenya's population was estimated to be 9.9 million in 1967. The northern and north-
eastern parts of the country, comprising three-fifths of the whole, are arid. Northwest
from a low-lying tropical coastal plain, the country rises to the Kenya Highlands - a block
of alternating plateaux and mountain ranges at elevations of up to 4 000 metres. The
principal forest areas are located in these areas of high elevation and favourable rainfall.

Forestry and forest industries account airrently for less than 2 percent of GDP.
Forestry employs between 8 000 and 9 000 permanent workers and f9rest industries a further
1 500. Kenya's indigenous forest resources cover some 17 275 km over approximately
3 percent of the country's total land area. 0-ver the last 50 years, these forests have
been systematically exploited, mainly for the production of sawn timber. The economically
'accessible reserves of the main commercially valuable species (Podocarpus gracilior,
Podocarpus milanjianus, Juniperus procera, Ocotea spp., Olea spp.) have been largely cut out.

-

1/ Policies and practices described in this case study are not necessarily those actually
in force in Kenya, either at present or during the period covered by the project.

See Case Study No. 5 "Kenya II Sawlog and Pulpwood Plantation Project".

1/ A feature of this particular case is that the outlets for its products were well
defined, as were nearly all questions about species choice and treatment. For an
industrial afforestation project where these aspects presented a much greater degree
of uncertainty, see Case StuAyNo. 6 "Zambia Industrial Forestry Project".
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Regeneration with indigenous species is difficult and growth rates for these species
are low. Conversely, regeneration with exotic, fast-growing pine, cypress and eucalypt
species has proved very successful. Favourable climatic conditions in the Highlands - a
rainfall satisfactory in both amount and distribution, and the lack of any extremes of
temperature to cause an annual period of dormancy or slow growth - coupled with fertile deep
volcanic soils, make the area comparable with the world's best softwood growing areas.
Consequently, since 1945, the Forest Department has been engaged in a systematic reafforesta-
tion programme on the cut-over indigenous forest areas using these exotic species. By 1968
nearly 80 000 ha of pine and cypress and 8 000 ha of suoalypt had been planted. The planta-
tions have recently begun to,yield substantial volumes of timber (164 000 m of roundwood
in 1967 compared to 42 000 re in 1958).

Headed by a Chief Conservator of Forests, the Forest Department consiste of 35 senior
staff (Graduate Forest Officers), 104 intermediate staff (Senior Foresters and Foresters),
142 Rangers and 897 Forest Guards. The total permanent labour force is about 8 200,
including miscellaneous staff such as drivers and clerical staff.

The Government's 1965-70 Development Plan provided for a continuation of the present
planting programme atayear3yrate of about 6 000 ha of sawlog and pulpwood plantations.
This would entail Government investment until about 1980; thereafter¡the softwood programme
should be self-supporting financially. The planting programme is spread over more than 40
Forest Districts in 11 geographic Forest Divisions.

On the industrial utilization side the majority of sawmills require modernization,
although some improvement for selected mills and associated logging operations has been
made in recent yeare. A factory to produce low-cost prefabricated wooden houses has begun
production at Nakuru. An expansion of this activity would foster sawnwood sales. Until
1968, Kenya imported all her plywood and veneer requirements from Uganda, Tanzania and
overseas. (Sae Net Trade Balance in Forest Products, Appendix 1). A new plywood mill at
Elburgon in Kenya, using ooniferaus plantation wood, commenced production in 1968, and
another mill at Elgeyo will start operation in early 1969.

All Kenya's pulp and paper consumption is presently based on imports. Plans are now
under oonsideration for a pulp and paper mill to be situated on the Nzoia River at Webuye
(Broderidk Falls) in the Western Province, 300 km west of Nairobi (see map, Appendix 2).
The mill would have two paper machines with total rated capacity of 45 000 metric tons of
paper per annum. A first expansion to 75 000 metric tons is anticipated by about 1977, but
will be dependent upon development of the market. The mill would produce both bleached and
unbleached paper products including kraft paper, paperboard, carton board, and uncoated
printing and writing paper, but not newsprint.

Under current plans,. the mill would be commissioned in early 1972 and would be operating
at full capacity by 1974/75. The expansion to the 75 000 ton capacity in 1977 would require
temporary exports of limited quantities, but by 1982 domestic demand would again catc up
with the mill's output. The pulpwood requirements would be of the order of 400 000 m
annually by 1982/83, and by that time the first deliveries from the proposed pulpwood
plantings oould be expected. Until pulpwood plantings are ready for cutting, the mill would
obtain its pulpwood requirements from plantations originally establiehed for sawnwood and
situated within distances of 100-150 km from the mill.

An existing import duty of 15 percent on industrial paper is waived for most imports
at the present time. However, to encourage the new mill, the Government of Kenya has agreed
to impose a 40 percent ad valorem tariff on all paper products and pulp imports. A financial
return of about 19 percent is estimated for the proposed mill, based on estimated prices
taking the tariff into account.
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B. DESCRIPTION OF THE PLANTATION PROJECT

The project consists of the establishment and maintenance of 19 425 ha of sawlog
plantations aad 9 350 ha of pulpwood plantations. The sawnwood plantations would be located
near the road aad rail axis of Nairobi-Eldoret-Uganda, (see map, Appendix 2) and would
constitute about two-thirds of Kenya's total sawlog plantings during the period 1970-75.
The pulpwood plantations would be located close to the proposed Webuye pulpmill. Project
plantation's would be established in the six years 1970-1975 aad output would be used to
meet domestic demand for sawn timber and plywood and as raw material for the proposed
Webuye pulp and paper mill.

Sawnwood Plantations

Cypress (Cupressus lusitanica) and pine (Pinus patula) would be the two principal
sawlog species planted. Both would be grown on a 30-year rotation. Cypress has given
uniformly successful resulta in the project areas and its timber is of excellent quality
both as sawnwood and as plywood peeler logs. The spacing used would correspond to a stand
of 1 680 trees per ha. The average yield of commercial timber for this species in the
project area is estimated to be 560 cubic metres per ha over a 30 year rotation. This is
made up of approximately 70 cubic metres per ha for each of two thinnings at 15 and 20 years,
and about 420 cubic metres per ha When the trees are clear-felled at 30 years (see Table 1
for total sawlog yields). While pine yields are anticipated as being higher, sound and
conservative management dictates that within the six years of the planting programme a
balance should be maintained between plantings of the well-tried cypress and the more newly-
introduced pine. In addition, the plantings of two species will reduce the risk of extem-
sive damage caused to the plantations by possible spreading disease. It is estimated that
about 80 percent of samnwood plantings would be of cypress. Sufficient seeds are available
from local seed orchards, and seedlings would be raised at District nurseries. Planting
would be made after clearing of indigenous forests, at the beginaing of the long rains
(March to June). Plantation maintenance would include weeding, pruning and thinning.

In all sawlog plantation operations, the "taungya" or "chamba" system would be used.
Under this system, after the removal of commercial species of timber, a plot of indigenous
forest is temporarily handed over to a resident worker. The resident worker receives a
monthly wage, now 50 shs, Which is paid only during nine months of eath year during Which
time he works for the Department to do plantation work including nursery work, weeding,
pruning, housing and road construction. During the three monthe in Which he is not paid,
he is required to clear his plot on which he is then free to grow agricultural crops during
that and the following two years. The crops he produces are his recompense for clearing
the area In the third year, the agricultural crops are interplanted with trees.

Pulpwood Plantations

Some 3 000 ha of the pulpwood circle have been planted in the last three years at
Turbo, near the Webuye pulpmill site. During the project planting period, 1970-1975, the
planting rate would reach about 1 600 ha annually, and a total of 9 350 ha would be planted,
giving about 12 300 ha of planted pulpwood by 1975 (see Table 5). A total of about 18 500
ha of new plantations would be required to supply the proposed mill on a sustained produc-
tion basis.

In addition to the 3 000 ha already planted about 7 000 plantable hectares of Govern-
ment owned laad are available for use by the Forest Department at Turbo. Some additional
2 350 ha are thus required by the Forest Department for pulpwood plantings during the first
five years of the project. The Government foresees no problems in obtaining this area of
land by public acquisition and intends to have acquired this land by 31 December 1971.
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Table 1. Planting - Harvesting Schedule for Sawla

Year of Thinnings Year Harvested
Year Hectares

Planted Planted 1984/85 1985/86 1986/87 1987/88 1988/89 1989/90 1990/91 1991/92 1992/93 1993/94 1994/95 1999/00 2000/01 2001/02 2002/03 2003/04 2004/05

1969/70 3,238 3,238 - - 3,238 - - 3,238 - -

1970/71 3,238 - 3,238 - - 3,238 - - - - 3,238 - - -

1971/72 3,238 - - 3,238 - - 3,238 - _ 3,238 - -

1972/73 3,238 - _. 3,238 - - 3,238 - - - 3,238 -
1973/74 3,238 - 3,238 _ - 3,238 - _ 3,238 -

1974/75 3,238 - - - 3,238 - 3,238 - - 3,238

Total
Hectares 19,425.0 3,238 3,238 3,238 3,238 3,238 6,475.0 3,238 3,238 3,238 3,238 3,238

226.5 226.5 226.5 226.5 226.5 453.0 226.5 226.5 226.5 226.5 226.5Total Volum9
(thousand m )

T.Ible 2. - H...rvestincbchdu1e f.r 1'111aq:sod

Year Harvested
Year
Planted 1983/84 1984/85 1985/86 1986/87 1987/88 1988/89 1989/90 Total

hectares
1969/70 1,210 40 - - - 1,250
1970/71 - 1,340 280 - 1,620
1971/72 - _ 1,220 400 - - 1,620

1972/73 - - - 1,090 530 - 1,620
1973/74 - - 950 670 1,620
1974/75 - - 790 830 1,620

Total
Hectares 1,210 1,380 1,500 1,490 1,480 1,460 830 9,350

(Age 14) 1,210 1,340 1,220 1,090 950 790 - 6,600
(Age 15) - 40 280 400 530 670 830 2,750

Total Voluml 313.1 359.3 409.9 410.2 410.8 410.5 250.2 2,564.0
(thousand m )
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The areas for planting with pulpwood would be flat and free of forest. The main
species planted would be Pinus patula, but during 1970/71-1974/75, about 120 ha annually
would be planted with Pinus radiate. P. radiate is higher yielding than P. patula, but
is susceptible to Dothistroma Blight (a fungus disease of the needless). More experimen-
tation is needed on the control of this disease before the Forest Department can contem-
plate large P. radiate plantings. Plantings would be contiguous to facilitate aerial
spraying. Pulpwood plantings would be at a density of 1 330 trees per ha and would be
grown on a 15-year rotation. Yields at 15 years would be about 290 and 400 cubic metres
per ha respectively for P. patula and P. radia-ta (see Table 2 for expected total pulpwood
yields). No thinnings are contemplated.

Ftture Supply-Demand of Wood Raw Material

Projections of requirements for sawnwood from project plantations are developed
in Appendix 3. The forecast of sawnwood and plywood requirements equivalent to 2.4
million m3 of roundwood in the year 2000 has been based on an estimate that domestic
demand would reach about 1.2 million m3 and on an assumption that a further 1.2 million m3
could be exported mainly to other East African countries and the Near East region. Total
requirements would increase yearly five times from the 1967 level of about 0.5 million m3
of production. The expected production from project and earlier plantings, supplemented
by thinnings from later plantings and by exploitation of indigenous forests, would meet
the estimated sawnwood requirements.

The project output of about 400 000 m3 annually of pulpwood would meet the antici-
pated requirements of the Webuye pulpmill. Since no alternative source of raw material
exists for the pulpmill within an ecommic distance for their transport to Webuye, apaxt
from limited aupplies of sawnwood residues and smallwood, it may be confidently assumed
that project pulpwood would be used by the proposed mill.

In the unlikely event that the pulpmill proposal should fail to materialize, it
would be possible to maintain the trees under a longer rotation for use as sawlogs. If
this should occur, however, a moderate surplus of sawnwood would probably be created,
resulting in some sales being delayed. As a consequence, the return on investment in any
pulpwood plantings used in this way would be lower than on regular sawnwood plantings.
(See sensitivity analysis, Section E).

C. PROJWT coars

Project economic costa are assumed to equal the financial costs. Individual

cost items are explained in Table 3. The cost estimates are based on Forest Department
experience with appropriate modifications in light of experience of plantation developments
in other countries.

Table 4 describes labour requirement per hectare needed to carry out silvicultural
activities. These requirements multiplied by the number of hectares associated with each
silvicultural activity (Table 5 and Table.7 for sawlog and pulpwood plantations respectively)
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silvicultural activity (Table 5 and Table 7 for sawlog and pulpwood plantations respectively) 
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ttqual total labour requirements. The latter are found in Table 6 (sawloge) and Table 8
(pulpwood). In order to arrive at total labour oosts, labour requirements are then
multiplied by the daily labour cost (Table 9) 1/. The schedule of all costs is found in
the relevant financial cash flow tables for the sawlog and pulpwood oomponents (Table 10
or Table 12). The cost of the land was assumed to be zero.

As it is difficult to establish costs under the present accounting systems, a
physical contingency allowance of 15% of total oosts has been included in the financial
(economic) analysis.

D. PROJECT BENEFITS

Financial Revenue

Financial revenue equals the price the Government of Kenya expects to receive
for a unit of stumpage multiplied by the volume thinned/harvested. For sawlogs the
Ministry of Natural Resources plans to raise stumpage prices by 1975 to KSh 17.66, KSh21.19,
and KSh 26.49 per cubic metre measured under bark for the first and second commercial
thinninge and final harvest, respectively. These rates are used in the project revenue
calculations. Sawlog thinnings occur during years 17 to 27, and final harvests occur
during years 32 to 37 (see Table For pulpwood there would be no thinnings, and harvests
would occur during years 15 to 21 see Table 2). Project revenue calculations assume that
the pulpwood stumpage price is KSh 21.19 per cubic meter measured under bark. This price
has been calculated back from the price that the pulpmill could afford to pay (KSh 106)
and at the same time provide a financial return of 19 percent, Which is considered suffi-
cient to attract investors.

Economic Benefits

For pulpwood the stumpage price of KSh 21.19 per m3 is assumed to be the economic
price as well as the financial price, and therefore pulpwood economic benefits are the same
as the financial benefits.

Fbr sawloge the output is shadow priced at a higher value. It is assumed that
half of the sawlog output will be consumed domestically and substitute for imports, and
half will be exported as sawnwood. Both halves of the output are shadow priced based
upon the savings/earninge generated, as explained below.

The sawnwood value of the 50% of the Kenyan sawlog output which is assumed to
substitute for imports is valued at the approximate world F.O.B. sawnwood price of KSh
243.71/m3 (s) in the United Kingdom plus KSh 95.36 for transportation from the United
Kingdom to Nairobi, minus KSh 158.94 for the cost of converting standing Kenyan timber to
sawnwood delivered to Nairobi, which results in a stumpage price (sawnwood measure) of
KSh 180.13/m3, The 50% of the sawlog output which is exported is valued at the approximate
world sawnwood price of KSh 247.24/m3 sawn F.O.B. at point of export from Kenya which after
netting out KSh 194.26 for logging, sawmilling, and freight to the export point leaves a
residual stumpage price (sawnwood measure) of KSh 52.98/m3. An average stumpage price
(sawnwood measure) is arrived at as the mean of the import substitution and export values
(KSh 110.56). Stumpage prices in roundwood measure are then computed by applying con-
version factors (to convert sawnwood measure to roundwood measure) of 3.0, 2.5, and 2.0
for the first thinning, the second thinning, and the final harvest respectively. The
average unit economic benefit values calculated in this way are KSh 38.85 and KSh 46.62

In the case of nursery cost only, there is an additional nonlabour cost per hectare
Which must be multiplied by the associated hectares and the result added to the labour
cost to get the total nursery cost.

- 6 -

lIqual total labour requirements. The latter are found in Table 6 (s ..... loge) and Table 8 
(pulp>iOod). In order to arrive at total labour costs, labour requirements are then 
Il!Ultiplied by the daily labour cost (Table 9) Y. The schedule of all costs is found in 
the relevant financial cash flow tables for the sawlog and pulpwood components (Table 10 
or Table 12). '!'he cost of the land was assumed to be zero. 

26. As it is difficult to establish costs under the present accounting systems, a 
physical contingency allowance of 15% of total costs has been included in the financial 
(economic) analysis. 

D. PROJEX:T BnI"EFITS 

Financial Revenue 

27. Financial revenue equals the price the Government of Kenya expects to receive 
for a unit of stumpage multiplied by the volume thinned/harvested. For sawloge the 
Ministry of Natural Resources plans to raise stumpage prices by 1975 to KSh 17.66, KSh21.19, 
and KSh 26.49 per cubic metre measured under bark for the first and second commercial 
thinninge and final harvest, respectively. These rates are used in the project revenue 
cal::ulations. Sawlog thinninge occur during years 17 to 27, and final harvests occur 
during years 32 to 37 (see Table 1. For pulp>iOod there would be no thinninge, and harvests 
would occur during years 15 to 21 see Table 2). Project revenue calculations assume that 
the pulp>iOod stumpage price is KSh 21.19 per cubic meter measured under bark. This price 
has been calculated back from the price that the pulpmill could afford to pay (KSh 106) 
and at the same time provide a financial return of 19 percent, which is considered suffi­
cient to attract investors. 

Economic B.enefits 

28. For pulpwood the stumpage price of KSh 21.19 per m3 is assumed to be the economic 
price as well as the financial price, and therefore pulp>iOod economic benefits are the same 
as the financial benefit s. 

29. For sawlogs the output is shadow priced at a higher value. It is assumed that 
half of the sawlog output will b.e consumed domestioally and substitute for imports, and 
half will be exported as sawn>iOod. Both halves of the output are shadow priced based 
upon the savings/earnings generated, as explained below. 

30. The sawnwood value of the 50f0\ of the Kenyan sawlog output which is assumed to 
substitute for imports is valued at the approximate world F.O.B. sawn>iOod price of KSh 
243.71/m3 (s) in the United Kingdom plus KSh 95.36 for transportation from the United 
Kingdom to Nairobi, minus KSh 158.94 for the cost of converting standing Kenyan timber to 
sawn>iOod delivered to Nairobi, which results in a stumpage price (sawnwood measure) of 
KSh 180.13/m3. The 50f0\ of the sawlog output which is exported is valued at the approximate 
>iOrld sawnwood price of KSh 247.24/m3 sawn F.O.B . at point of export from Kenya which after 
netting out KSh 194.26 for logging, sawmilling, and freight to the export point leaves a 
residual stumpage price (sawnwood measure) of KSh 52.98/m3. An average stumpage price 
(sawnwood measure) is arrived at as the mean of the import substitution and export values 
(KSh 110.56). stumpage prioes in roundwood measure are then computed by applying con­
version factors (to convert sawn>iOod measure to round>iOod measure) of 3.0, 2.5, and 2.0 
for the first thinning, the second thinning, and the final harvest respectively. The 
average unit economic benefit values calculated in this way are KSh 38.85 and KSh 46.62 

y In the case of nursery cost only, there is an additional non-labour cost per hectare 
which Il!Ust be multiplied by the associated hectares and the result added to the labour 
cost to get the total nursery cost. 



Nursery

Stumping

Plowing 5 Harrowing

Demarcation

Clearing

Pitting

Staking Out

Planting

Plantation Surveys

Beating Up

Weeding(s)

Pruning(s)

Fire Protection

Other Protection

Dothistroma Control

Vehicle (& Tractor)
Purchase

Vehicle (& Tractor)
Running Cost

Agricultural
Equipment

Tools, Stores,
(& Other Equipment)

Building
Construction

Building
Maintenance

Road Construction

Road

Maintenance

Staff Requirements

Office Running Costs

Thinning, Marking Out

Labor, plus 10Ksh per ha for,,ertilizer
tools, equipment, and stores.L

n. a .

n . a .

All labor

All labor

All labor

All labor

All labor

Ail laoor

All labor

All labor

All labor

All labor

All labor

n. a.

Costs given in cash flow table.

Costs given in cash flow table.

Cost equals Ksh 12.4 per ha planted during the
planting period, and 1.03 KSh annually per
ha established after the planting period.3/

Table 3. 7.xala:lo-cior. of Costs for Kenya I..,nalysis

Cost Item Sawlogs Pulpwood

Cost equals 37.1 Ksh per ha planted during the
planting period, 3.1 KSh annually per acre
established after the planting period up
through project year 27, and 1.03 KSh

annually per ha established for the remain-
der of the project.

Spread equally over the 6 planting years: 10

forest ranger houses at KL 400 each, 15 forest
guard houses at KL 100 each, 425 village
houses at KL 75 each, 4 water supply
installations at KL 500 each, and sis offices
and stores at KL 500 each, making a total
of KL 42,375 (7.1 Thousand KL per year).

An annual cost (beginning the year following
construction) which equals 10% of the
cumulative construction cost during the
planting periodjand which equals 10% of total
construction cost times a factor of (number
of cumulative established ha divided by
19.425) after the planting period.

One km of access road per 100 ha Planted
built during the year of planting at KL
per km (KL 1.55 Per ha planted).Roads
are rebuilt at the same cost after 10 years.

An annual cost (beginning the year following
construction) which equals 10% of the cumula-
tive construction cost during the planting
period, & which equals 10% of the total con-
struction cost times a factor of (number of
cumulative established ha divided by 18,4251
after the planting period.

Costs given in cash flow table.

Cost equals 35.21 KSh/ha planted during plant-
ing period & 2.93 annually/ ha estab-
listed after the planting period.

All labor n.a.

Labor, plus 7.9 KSh per ha for fertilizer, tools,
equipment and stores, plus 9.4 KSh per ha for

Polyethylene sleeves, plus 16.7 KSh for filling
sleeves by piecework. (Total cost per ha in addition

to labor equals 34.0 KSh.)

Cost equals KL 5.00, and is applied to 364.2ha in

year 0, 404.7 ha in year 1, and 364.2 ha in yr. 2.

Cost equals KL 6.2 per ha planted in the year of
planting.

n.a.

n.a.

n.o.

All labor

All labor

All labor

All labor

All labor

All labor

All labor

All labor

Applies to 121.4 ha of P. radiata planted annually
in years 2 - 6.2/ Nursery treatment just prior to
planting (age OT costs KSh 24.7/ha. Field treatment
just after planting (also age 0) costs Ksh 37.1/ha.
Aerial treatments twice a year at Ksh 49.4/ha each

begins at age 1
and are continued annually through age

6 (6 years of 2 treatments each year).

Costs given in cash flow table.

Costs given in cash flow table.

n. a .

Cost equals 30.9Ksh per ha planted during the
planting period, and 2.1 KSh annually per ha

established after the planting period.

Spread equally over the 6 planting years: 2 forester

houses at KL 1000, eight forest ranger houses at
KL 400, 10 forest guard houses at KL 100, 200 village
houses at KL 100, and 2 water supplies at KL 500,
making a total of KL 27,200 (4.5 thousand KL per year.)

An annual cost (beginning the year following construc-
tion) which equals 10% of the cumulative construction
cost during the planting period, and which equals 10%
of total construction cost times a factor of (number
of cumulative established ha divided by 9,350)
after the planting period.

One km of access road per 125 ha planted is built
during the year of planting at KL 155 per

(KL 1.24per ha planted).

An annual cost (beginning the year following construc-
tion which equals 10% of the cumulative construction
cost during the planting period, and which equals 10%
of the total construction cost times a factor of
(number of cumulative established acres divided by
9,350 after the planting period.

Costs given in cash flow table.

Cost equals Ksh 37.1/ha planted during the planting
period and 3.21 KSh annually per ha established
after the planting period.

1/ Labor requirements outlined in Tables 5 and 6 , and compiled in Tables 8 and 10.

2/ See Table 9.

3/ Established ha equal the total number of ha planted minus the total number of ha harvested.

Cost I tem 

NUr"sel"'( 

Stump ing 

P low i ng & Harrow ing 

Cema r"ca t i on 

Cl eafi ng 

Pitt i ng 

Staking Out 

Planting 

Plantation Surveys 

Beating Up 

Weeding(s) 

Pruning(s) 

Fire Protection 

Other Protection 

Doth i stroma Contro l 

Vehicle (& Tractor) 
Pu r chase 

Veh i cle (& Tractor) 
Running Cost 

Agficul tura l 
Equipment 

Tool s, Stores, 
(& Other Equipment> 

Bui Iding 
Construction 

Bui Iding 
Maintenance 

Road Construction 

Ro.d 
Maintenance 

Staff Requirements 

_ 1 _ 

Sawlogs 

l abor , plus 10Ksh per" ha fO r" I;ertilizer 
tools, equ ipment, and stores . -

n.a. 

n.a. 

All l abo r 

All la bo r 

All l a bo r 

All l a bo r 

All l abor 

All labor 

All labo r 

All l abor 

All labor 

Al l labor 

All labo r 

n. a. 

Costs g i ven i n cash flow tab le . 

Costs g i ven in cash flow tab le. 

Cost equa l s Ksh 12.4 per hOi p l anted during the 
planting pefiod, and 1.03 KSh annua l ly per 
hOi estab l ished af ter the p l anting pe r iod.1/ 

Cost equals 37.1 Ksh per ha planted during the 
p l anting period, 3.1 KSh annual l y per acre 
estab l ished afte r the planting period up 
th rough p roject year 27. and 1.03 KSh 
annually per hOi establ ished fo r the remain ­
der of the project. 

Spread equa l ly over the 6 p l anting years: 10 
fo rest ranger houses at Kl 400 each, 15 forest 
guard houses a t Kl 100 each, 425 vi Il age 
houses at KL 75 each, 4 water supp ly 
i nsta ll a t ions at KL 500 each, and six offices 
and stores at Kl 500 each, maki ng a tcta l 
of KL 42 . 375 (7. I Thousand KL pe r year). 

An an nual cost (beginning the year fol l OW i ng 
const r uct i on) wh i ch equa l s 10% of the 
cumulat i ve construction cost du r ing the 
plan ting pe ri od}and which equals 10% of total 
construction cost t imes a facto r of (number 
of cumulat i ve estab li shed hOi div i ded by 
19.1125) after the planting period. 

One km of access road per 100 hOi planted 
bui It during t he year of planting at KL 
pe r km (Kl 1.55 per ha planted).Roads 
are rebui It at the same cost after 10 years. 

An annual cost (beginning the year fol lowing 
construction) which equals 10% of the cumula ­
tive construction cost during the planting 
period, & which equals 10% of the total con­
st r uction cost times a factor of (number of 
cumulative establ ished hOi divided by 19,425) 
after the planting period. 

Costs given in cash f l ow table. 

Pu l pwood 

labor , p l us 7.9 KSh per hOi for fe rt ilize r , tool s, 
eq u ipment and sto res , p l us 9.4 KSh pe r hOI fo r 
polyethy lene s leeves, p l us 16.7 KSh fo r f il ling 
sleeves by piecework. (Total cost per ha in addItion 
to labor equal s 34.0 KSh.) 

. Co s t equa ls Kl 5.00 , and is app l ied to 364,2ha .. in 
year a, 404.7 ha in year I , and 364.2 ha in yr. 2 . 

Cost e q ual s Kl 6 . 2 pe r hOi p l a n ted In t he year o f 
p l a nti ng. 

n .a . 

n .a. 

n.a. 

Al l labo r 

Al l la bo r 

. All labor 

All labor 

Al l labo r 

All labor 

All labor 

All labo r 

Applies to 121.4 hOi of P. r adieta p l anted annua ll y 
in yea r s 2 - 6. 2/ Nurse ry treatment just prior to 
planti ng (age aT costs KSh 24.7/1'101 . Fie l d treatment 
just after planting (also age 0) costs Ksh 37.1/1'101. 
Aerial treatments twice a year at Ksh 49.~/ha each 
begins at age I and are continued annual ly through age 
6 (6 years of 2 treatments each year). 

Costs given in cash f l ow table. 

Costs given i n cash f l ow table . 

n.a. 

Cost equals 30.9 Ksh pe r hOi planted d uri ng the 
planting pe ri od , and 2.1 KSh annual ly per hOi 
establ i shed after the planting pe r iod. 

Spread equally over the 6 plan ting years: 2 forester 
houses at KL 1000, eight forest r anger houses at 
Kl 400 , 10 forest g ua r d houses at KL 100,200 vil lage 
houses at KL 100 , and 2 water suppl ies at Kl sao, 
making a total of KL 27,200 (4.5 thousand Kl per year.) 

An annual cost (beg i nning the yea r fo ll ow i ng construc­
ti on) which equals 10 % of the cumu lat i ve cons truc ti on 
cost during the ~I anting period , and whi ch equals 10% 
of to tal const r uction cost times a fa c tor of (numbe r 
of cumu la tive e stab li shed ha divided by 9 , 350) 
afte r t he plant ing period. 

One km of access road per 
during the year of planting 
(Kll.24 per hOi planted). 

125 hOi ;:danted is bui It 
at Kl ISS per k .... 

An annual cost (beginning the yea r following constflJC­
tion which equals 10% of the cumulative construction 
cost during the planting period, and which equa l s 10% 
of the total construction cost times a factor of 
(number of cumu lative established acres divided by 
9 ,350 after the planting per i od. 

Costs given in cash f l ow tab le . 

Office Running Costs Cost equals 35.21 KSh/ha planted during plant- Cost equals Ksh 37 . Vha p lanted during the plant i ng 
period and 3.21 KSh annually per hOi establ i shed 
afte r the planting period. 

ing period & 2.93 annua l ly/ hOi estab-
I isted after the planting pefiod. 

Th i nning, Marki ng Out AI' l abor n.a. 

1/ labor requl rements out I i ned in Tab l es 5 and 6 ,and compi led in Tables 8 and 10. 

Y See Table 9· 

1/ Establ ished ha equal the total number of ha planted mi nus the total nurrber of hOI harvested. 



Labour (md/ha)

Sa.vilogs Pu'lpwood

Nursery - Planting 18.48 9.34

Nursery - Beating Up 2.77 . 1.40

Demarcation 3.21 n.a.

Clearing 19.77 n.a.

Pitting 1.23 . n.a.

Staking Out 4.94 2.47

Planting 7.41 4.94

Plantation Surveys 2.47 2.47

Beating Up 1.11 0.14

Weeding (s) 4.94 4.94

Pruning - First 9.88 9.88

Pruning - Second 12.36 n.a.

Pruning - Third 14.83 n.a.

Pruning - Fourth 9.83 n.a.

Fire Protection - Initial 4.45 2.47

Fire Protection - Final
2.47 1.24

Other Protection - Initial
1.24 1.24

Other Protection - Final
0.74 0.74

Pre-commercial Thinning 14.83 n.a.

Marking Out (Commercial Thinning) 2.47 n. a.

KENYA I PLANTATION PROJECT

Table 4 -Silvioultural Labour Input

Requires

KENYA I PlJL~TATION PROJ~CT 

Table' 4 ·- ·Sihic;ultural Labov.r IJIput 

Nurserl - P.lanting 

Nursery - :Scatln(; Up 

Dc:r.arc<ltion 

Clc.1ring 

Pitting 

Staking Out 

Plantin~ 

P l.:m t.:l tion SllrvCy~ 

Bell tin g tip 

\;cl'd inr. (s) 

Prulling - First 

Pruning - Second 

Pruninz - Third 

Pruning - Fourth 

Fire Protection - Initial 

Fire Protection - Final 

Other Protection - Initial 

Other Protection - Final 

Prc-corn~crcial Thinning 

H,uking Out (Cor:lmercial Thinning) 

Requires 
Labov.r \ IOd/ha) 

Sal/logs 

18.48 

2.17 
3.21 

19.77 

1.23 
4.94 

7.41 

2.47 

1.11 

4.94 

9.88 

12 .36 

14.83 

9.8G 

4,1,5 

2.47 

1.24 

0.74 

14.83 

2.47 

-, 
Pulpwood 

9.34 

1.40 
n .l!. 

n .U . 

n.a. 

2.47 

4.94 

2.47 
(0 

0.'14 
4.94 

9.88 

o.a. 

n.a. 

n.l!.. 

2.47 

1.24 

1. 24 

0.74 

n.n. 

n.a, 



Table 5. Hectares Assooiated with Plantatioh Activities - Sawlogs

YEARS

IteaVActivity O I 2 3
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Hectares Planted
Hectares Harvested
Cumulative Established ha.

Item/Activity

Hectares Planted
Hectares Harvested
Cumulative Established ha.

Nursery-Planting
Nursery-Beating Up
Demarcation
Clearing
Pitting
Staking Out
Planting
Plantation Survey
Beating Up
Weeding
Pruning-First
Pruning-Second
Pruning-Third -

Pruning-Fourth 3,238
Fire Protec.-Initial -

Flre Protec.-Final 19,425
Other Protec.-Initial -

Other Protec.-Final 19,425

Pre-Commer'l Thinning 1

-
Marking Out(Commer'l Thinning) 3,238
Road Construction -

3,238 3,238 3,238 3,238 3,238 3,238

3,238 6,475 9,713 12,950 16,188 19,425 19,425 19,4- 25 19,425 19,4- 25 19,425 19,4- 25 19,425 19,4- 25 19,425 19,425 19,425

Nursery-Planting 3,238 3,238 3,238 3,238 3,238 3,238 - - - - - - -
Nursery-Beating Up - - 3,238 3,238 3,238 3,238 3,238 3,,233
Demarcation 3,238 3,238 3,238 3,238 3,238 3,238 - _

Clearing 3,238 3,238 3,238 3,238 3,238 3,238 _ _

Pitting - 3.238 3,238 3,238 3,238 3,238 3,238
Staking Out - 3,233 3,233 3,238 3,238 3,238 3,238
Planting 3,238 3,238 3,238 3,238 3,233 3,238 - - - - - -
Plantation Survey - 3,238 3,238 3,238 3,238 3,238 3,238
Beating Up - 3,238 3,238 3,238 3,238 3,238 3,238 - -
Weeding - - - 3,238 3,238 3,238 3,238 3,238 3,238 - .

- - _ -
Pruning-First - - 3,238 3,238 3,238 3,238 3,238 3,238 -
Pruning-Second - - - 3,238 3,238 3,238 3.238 3,238 3,238
Pruning-Third - - - - 3,238 3,238 3,238 3,238 3,2313 3,238 - -
Pruning-Fourth - - - _ _ 3,238 3,238 3,2313 3,238 3,238
Fire Protec.-Initial - 3,;38 6,475 9,713 12,950 16,183 - - - - - - - -
Fire Protec.-Final - - - 19,425 19,425 19,425 19,425 19,425 19,425 19,425 19,425 19,425 19,425 19,425 19,425
Other Protec.-Initial 3,238 6,475 9,713 12,950 16,188 - - - - - -
Other Protec.-Final - - - - 19,425 19,425 19,425 19,425 19,425 19,425 19,425 19,425 19,425 19,425 19,425 19,425
Pre-Commer'l Thinning - - - - - 3,238 3,238 3.238 3,238 3,238 3,238 -
Marking Out(Commer'l Thinning) - - - - - - 3,238 3,238
Road Construction - 3,238 3,238 3,238 3,238 3,238 3,238 - 3,238 3,238 3,238 3,238 3,238 3,238 -

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

- - - -
3,233 3238 3 238 3 238 3 238 3 238

19,-425 19,-425 19,-425 19,-425 19,425 19,-425 19,425 19,-425 19,-425 19,425 19,-425 19,425 19,425 16,188 12,950 9,713 6,475 3,238

_

19,4- 25 19,4- 25 19,425 19,425 19,425 19:425 19,4- 25 19:425 19,4- 25 19:425 19,425 19,4- 25 16,- 188 12,9- 50 9,7- 13 6,-475 3,2- 38 _

19,4- 25 19,4- 25 19,-425 19:425 19,-425 19,-425 19,-425 19:425 19,-425 19,-425 19:425 19,-425 16,188 12,-950 9,713 6,-475 3,-238 _

3,238 3,238 3,238 3,238 3,238 3,238 3,238 3,238

Table 5- Hectares Aeaooiatoo with Plantatior. Activities - Sawlogo 

YEARS 

Item/Act ivitt 0 2 l 4 , 6 Z 8 9 10 11 12 13 14 15 16 17 18 

Hectares Planted 3.238 3.238 3.238 3.238 3.238 3.238 
Hec ta res Harves ted 
Cumu lati ve Established ha. 3.238 6.475 9.713 12.950 16.188 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 

... . ................ . .... .. ... . , .. 
Nursery- P I an t i ng 3.238 3.238 3.238 3.238 3.238 3.238 
Nursery-Beating Up 3.238 3.238 3.238 3.238 3.23R 3.233 
Demarcation 3.238 3.238 3.238 3.238 3.238 3.238 
Clearing 3.238 3.238 3.238 3.238 3.238 3.238 
Pi tting 3. 236 3.238 3.238 3.238 3.238 · 3.738 
Staking Out 3.233 3,233 3.238 3.238 3.238 3.238 
Planting 3.238 3.238 3.238 3.238 3.23a 3.238 
Plantation Survey 3.238 3.238 3.238 3.238 3.238 3.238 
Beating Up 3.238 3.238 3.23E 3.238 3·.238 3·.238 
Weeding 3.238 3.238 3.238 3.238 3.23E 3.238 
Pruning-Fi rst 3.238 3.238 3.238 3.238 3.238 3.238 
Pruning- Second 3.238 3.238 3.238 3.238 3.238 3.238 
Pruning- Third 3,238 3.238 3.238 3.238 3.238 3.238 
Prun i ng-Fourth 3.238 3.238 3.238 3.238 3.238 
Fire Protec.-Initial 3.238 6.475 9.713 12.950 16.188 
Fire Protec.-Finai 19 .425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 
Other Protec.-tnitia l 3.238 6.475 9.713 12.95016.188 
Other Protec.-Final 19.425 19 .425 19.425 19.425 19 .425 19.425 19.425 19;425 19.425 19.425 19.425 19.425 
Pre-Commer' l Thinning 3.238 3.238 3.238 3.238 3.238 3.238 
Harking Out(Commer'l Thinning) 3.238 3.238 
Road Construct i on 3.238 3.238 3.238 3.238 3.238 3.238 3.238 3.238 3.2j8 3.238 3.238 3.238 I 

'" 
I tem/Activi tl 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 

Hectares Planted 
3.238 3.238 3.238 3.238 j.23ij 3.238 

Hectares Harvested - - - - - - -
Cumulative Establ ished ha . 19.425 19.425 19. 425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19 .425 16.188 12.950 9.713 6.475 3.238 

. . . . . . . 
Nursery-P Ian t j ng 
Nursery- Beating Up 
Demarcation 
pearlng 
PI tting 
Staking Out 
Pl ant ing 
Plantation Survey 
Bea t I ng Up 
Weeding 
Pruning-FI rst 
Pruning-Second 
Prun i ng- Th I rd 

3.238 Prun I ng- Fourth 
Fire Protec.-Initial 

19.425 19.425 1·9.425 19.425 19.425 19.425 19.425 19.425 19 . 425 19.425 19.425 19.425 19.425 16.188 12.950 6.475 3 . 23~ Fire Protec . -Flnal 9.713 
Other Protec.-Initial - - - - - - - -
Othe r Protec.-Flnal 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 19.425 16.18ij 12.950 9.713 6.475 3.236 
Pre-Comme r ' l Thinning I -
Marking Out(Commer'l Thin'ning) 3.238 3.238 3.238 3,238 3,238 3.238 3.238 3,238 3.238 
Road Construction ' 



Nursery
Demarcation
Clearing
Pitting
Staking Out
Planting
Plantation Survey

Table 6. Unskilled Labour Rilquirements - Sawlogs. (thousand man days)

Silvicultural Activity 0 1 2 3

YEARS

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Nursery - 59.8 68.8 68.8 68.8 68.8 68.8 9.0 - - - - - - - - - -
Demarcation 10.4 10.4 10.4 10.4 10.4 10.4 - - _ _ _ _ _ - _ _

Clearing 64.0 64.0 64.0 64.0 64.0 64.0 - - - - - - - - - - -
Pitting - - 4.0 4.0 4.0 4.0 4.0 4.0 - - - - - - - - - - -
Staking Out - - 16.0 16.0 16.0 16.0 16.0 16.0 - - - - - - - - -
Planting - - 24.0 24.0 24.0 24.0 24.0 24,0 - - - - - -
Plantation Survey - - 8.0 8.0 8,0 8.0 8.0 8.0 - - - - - - - - - -
Beating Up - - - 3.6 3.6 3.6 3.6 3.6 3.6 - - - - - - -
Weeding - - - 16.0 16.0 16.0 16.0 16.0 16.0 - - - - - - - -
Pruning - - - - - - 32.0 32.0 32.0 72.0 72.0 120.0 88.0 88.0 120.0 80.0 80.0 32.0 32.0
Fi re Protection - - 14.4 28.8 43.2 57.6 72.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0
Other Protection - - 4.0 8.0 12.0 16.0 20.0 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4
Thinning,Marking Out - - - - - - - - - - 48.0 48.0 48.0 48.0 48.0 56.0 8.0

1

Total Labor Require. 74.4 134.2 213.6 251.6 270.0 288.4 264.4 175.0 11-4.0 134.4 134.14 182.4 198.4 198.4 230.4 190.4 190.4 150.4 102.4
(Total Labor Cost,KSh/md) 2.354 2.354 2.354 2.9425 3.531 4.1195 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 8

1

Silvicultural Activity 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

Beating Up - - - - - .. - - - - - -
Weeding - - - - - _ - - _ _ - - - - -
Pruning 32.0 _ _ - - - - - _ _ - - - - -
Fire Protection 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 40.0 32.0 24.0 16.0 8.0
Other Protection 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 12.0 9.6 7.2 4.8 2.4 -
Thinning,Marking Out 8.0 8.0 8.0 16.0 8.0 8.0 8.0 8.0 8.0 - - _ _ - - - - -
Total Labor Require. 102.4 70.4 70.4 78-.4 70.4 70.4 70.4 70.4 70.4 62.4 62.4 62.4 62.4 52.0 41.6 31.2 20.8 10.4 -
(Total Labor Cost,KSh/md) 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708

• j 

Table 6. Unskilled labour Requirements - Sswlogs (thousand ·man days) 

YEARS 

Silvlcu l t ural Activity ~_~ 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 In 
Nursery 
Dema rcation 
Clearing 
Pi tting 
Staking Out 
Planting 
Plantation Survey 
Beating Up 
Weeding 
Pruning 
Fi re Protection 

'Other Protection 
Thinning,Harking Out 
Total Labor Require. 
(Total labor Cost.KSh/md) 

.5ilvicultural Activity 

Nursery 
Demarcation 
Clearing 
Pi tting 
Staking Out 
Planting 
Plantation Survey 
Beating Up 
Weeding 
Prun i"9 
Fi re Protection 
Other Protection 
Thinnlng,Harking Out 
Tota l labor Require. 
(Tota l labor Cos t,KSh/m<!) 

59.8 
10.4 10.4 
64.0 64.0 

68.8 
10.4 
64.0 
4.0 

16.0 
24.0 
8.0 

14.4 
4.0 

68.8 
10.4 
64.0 
4. 0 

16.0 
24.0 
8.0 
3. 6 

16.0 

28.8 
8.0 

68.8 
10.4 
64.0 
4.0 

16.0 
24.0 
8,0 
3.6 

16.0 

43.2 
12.0 

68.8 
10.4 
64.0 
4.0 

16 .0 
24.0 
8.0 
3.6 

16 .0 

57.6 
16.0 

68.8 9.0 

4.0 
16.0 
24.0 
8.0 
3.6 

16.0 
32.0 
72.0 
20.0 

4.0 
16.0 
24,0 
8.0 
3.6 

16 .0 
32.0 
48.0 
14.4 

3.6 
16 .0 
32 .0 
48 .0 
14.4 

72.0 
48 .0 
14.4 

72.0 
48.0 
14.4 

- . 

120.0 88 .0 88.0 120.0 80 .0 80 .0 32.0 32.0 
48.0 48.0 48 .0 48.0 48.0 48.0 48 .0 48 . 0 
14.4 14.4 14.4 14.4 14.4 14.4 14.4 14.4 

48.0 48.0 48 . 0 48.0 48.0 56.0 8.0 
74 . 4 13 • . 2 213.6 251.6 270.0 288.4264.4 175.0 114.0 134 . 4134.4 182.4198.4 198. 4 230 . 4 190.4 190.4 150.4 T02.' 
2. 3542.354 2. 3542.9425 3.531 4.11954 . 708 4.708 4.708 4.7084 . 708 4. 7084 . 708 4.708 4. 708 4.708 4.708 4.708 4.708 0 

I 

19 20 21 22 23 

32.0 
48 .0 48.0 48.0 48.0 48 .0 
14.4 14.4 14.4 14.4 14.4 
8.0 8. 0 8.0 16.0 8.0 

102.4 70. 4---7tn-- 78.4 · 70 .4 
, 4.708 4.708 4.708 4.708 4.708 

2.4 25 

48.0 48 .0 
14.4 14.4 
3.0 8.0 

7b.4 70 .4 
4.708 4.708 

26 27 28 29 30 31 32 33 34 35 36 37 

48 .0 48.0 48.0 48 .0 48.0 48.0 40.0 32.0 24 .0 16 .0 6.0 
14.4 14.4 14.4 14 .4 14.4 14.4 12.0 9.6 7.2 4.8 2.4 
8.0 8.0 

70.4 70.4 62.4 62.4 62.4 62.4 52.0 41.6 31.2 20~O.' 
4.7084.708 4.708 4.708 4.708 4. 708 4. 708 4.708 4.708 4.708 4.708 4.708 



Item/Activity

Table (. Hectares Associated with Plantation Activities - Pulpwood

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Hectares Planted 1,250 1,620 1,620 1,620 1,620 1,620 - _ _ _ _ _ -

Hectares Harvested - - - - - - - - - - - - - - 1,210 1,380 1,500 1,490 1,480 1,460 830

Cumulative Established i. - 1,250 2,870 4,490 6,110 7,730 9,350 9,350 9,350 9,350 9,350 9,350 9,350 9,350 9,350 8,140 6,760 5,260 3,770 2,290 830 -

Nursery-Planting 1,250 1,620 1,620 1,620 1,620 1,620 - - - - - - - - -

Nursery-Beating Up - 1,250 1,620 1,620 1,620 1,620 1,620 - - - - - - - - -

Staking Out - 1,250 1,620 1,620 1,620 1,620 1,620 - - - - - - - -

Planting - 1,250 1,620 1,620 1,620 1,620 1,620 - - - - - - - - - - - -

Plantation Survey - 1,250 1,620 1,620 1,620 1,620 1,620 - - - - - - - - - - - -

Beating Up - - 1,250 1,620 1,620 1,620 1,620 1,620 - - - - - - - - - - -

Weedings - 1,250 2,870 3,240 3,240 3,240 3,240 1,620 - - - - - - - - - -

Pruning - - - - 1,250 1,620 1,620 1,620 1,620 1,620 - - - - - - -

Fire Protection-Initia - 1,250 2,870 4,490 6,110 7,730 - - - - - - - - - - - - -

Fire Protection-Final - - - - 9,350 9,350 9,350 9,350 9,350 9,350 9,350 9,350 9,350 8,140 6,760 5,260 3,770 2,290 830

Other Protection-lniti - 1,250 2,870 4,490 6,110 7,730 - - - - - - - - - - -

Other Protection-Final - - - - - 9,350 9,350 9,350 9.350 9.350 9,350 9,350 9,350 9,350 8,140 6,760 5,260 3,770 2,290 830
364 405 364 -Stumping - - - - - - - - - - -

Plowing and Harrowing - 1,250 1,620 1,620 1,620 1,620 1,620 - - - - - - -
_ 1

Dothistroma Control-N( ;ery - - 121 121 121 121 121 - - - -
_ _ -

Dothistroma Control-Fi id - - 121 121 121 121 121 - - - - - - - - - -
1

Dothistroma Control-A( ial - - 121 243 364 486 607 607 486 364 243 121 - - - - - -

Road Construction - 1,250 1,620 1,620 1,620 1,620 1,620 - - - - - - - - - - - -

Silvicultural Activit

Table 8. Unskilled Labour Requirements - Pulpwood
(thoutland man days)

YEAR

2 3 4 5 6 7 8 9 10 Il 12 13 14 15 16 17 18 19 20 21

Nursery 11.7 16.9 17.4 17.4 17.4 17.4 2.3 -

Staking Out 3.1 4.0 4.0 4.0 4.0 4.0 - - - - - - - - -

Planting 6.2 8.0 8.0 8.0 8.0 8.0 -

Plantation Survey 3.1 4.0 4.0 4.0 4.0 4.0 -

Beating Up - 0.9 1.2 1.2 1.2 1.2 1.2

Weedings 6.2 14:2 16.0 16.0 16.0 16.0 8.0 -

Pruning - - - - 12.4 16.0 16.0 16.0 16.0 16.0 - - - - - - - - -

Fire Protection 3.1 7.1 11.1 15.1 19.1 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6 11.6 10.1 8.3 6.5 4.6 2.8 1.0 -

Other Protection 1.6 3.6 5.6 7.6 9.6 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.0 5.0 3.9 2.8 1.7 0.6 -

Total Labor Requirem 11.7 40.2 59.2 67.3 73.3 91.7 70.0 43.7 34.5 34.5 34.5 18.5 18.5 18.5 18.5 16.1 13.3 10.4 7.4 4.5 1.6 -z

(Total Labor Cost,KS nd) 2.354 2.354 2.9425 3.531 4.1195 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708 4.708-

YEAR

_ .

I tem/Acti v i ty 

Hectares Planted 
Hectares Harves ted 
Cumulat i ve Established I. 

o 

Nursery-Planting 1,250 
Nursery-Beating Up 
Staki ng Out 
Plant ing 
Plantation Survey 
Beating Up 
Weedings 
Pruning 
Fire Protection-Initia 
Fire Protection-Final 
Other Protection-In lti 
Other Protection-Final 
Stump ing 364 
Plowing and Harrowing 
DothT stroma Control-Nl ;ery 
Dothistroma Control-F i Id 
Ooth i st roma Control - A( ia l 
Road Construct ion 

Si lvicul t ural Act i v i t 

Nursery 
Staking Out 
Planting 
Plantation Survey 
Beating Up 
Weed i ngs 
Prun i n9 
Fi re Protect ion 
Other Protect ion 
Tota I l abor Requi rem t 
(Total labor Cost,KS 00) 

o 

11.7 

11. 7 
2.354 

Table (. Hectares Associ ated with Plantation Activities - Pu l pwood 

YEAR 

2 3 4 5 6 7. 8 9 10 II 12 13 14 15 16 17 18 19 20 21 

1,250 1,620 ' 1,620 1,620 1,620 1,620 
1,2101 , 3801,5001,4901,4801,460 830 

1,2502,8704,4906,1107,730 9, 350 9, 350 9, 3509, 350 9,350 9,350 9,350 9,350 9,350 8, 140 6, 760 5,260 3,770 2,290 830 

1,620 1,620 1,620 1,620 1,620 
1,250 1,620 1,620 1,6201,6201,620 
1,250 1,620 1,620 1,620 1,620 1,620 
1, 250 1, 620 1, 620 1,620 1, 620 1,620 
1,2501,6201 ,6201,6201,6201,620 

1,2501, 620 1,620 1,6201,620 1,620 
1,2502,8703,2403,2403,2403,240 1,620 

1,2501 ,6201,6201,6201 ,6201,620 
1,2502,8704,4906,1107,730 ,. 

9,3509,3509,3509,3509,3509,3509,3509,350 9,350 8,14Q' 6,760 5,260 3,770 2,290 
1,2502,8704 ,4906 ,1 107 ,730 

9,3509,3509,3509 ,3509,350 9,3509,3509 ,3509,350 8, 140 6,760 5,260 3,7702,290 
405 364 

1,2501 ,620 1,6201 ,6201,6201 ,620 
121 121 121 121 121 
121 121 121 121 121 

121 243 364 486 607 607 486 364 243 121 
1,250 1,620 1,620 1,620 1,620 1,620 

16.9 
3. I 
6.2 
3. I 

6.2 

2 

17.4 
4.0 
B.O 
4.0 
0.9 

14.'2 

3 

17 . 4 
4.0 
8.0 
4.0 
1.2 

16.0 

4 

17.4 
4.0 
8.0 
4.0 
1. 2 

16 .0 

Table 8. Unskilled LAbour Requi rements Pulpwood 
( ~hOUl;ftm:i man dayu) 

5 6 

17.4 2.3 
4.0 4.0 
B.o 8.0 
4.0 4.0 

7 

1.2 1.2 1.2 
16.0 16 .0 8.0 

YEAR 
8 9 10 

- ' 

" 
12.4 16. 0 16 .0 16 .0 16.0 16.0 

II 12 13 

.< 

, 

14 15 16 17 18 19 

830 

830 

-. 

20 

3. I 7. 1 11 .1 15.1 19.1 11.611.6 11 .6 11 .6 11.6 11.6 11 .6 11.6 11. 6 10. 1 B.3 6.5 4.6 2. 8 1.0 
1.6 3.6 5.6 7.6 9.6 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.9 6.0 5.0 3.9 2.8 1.7 0.6 

liO.l-<;9. 2 67.3 n.3'9l~0- 43 '-7 34 .5 34 . 5- 34.5 18.5 -1 8:5--r~''-5 . 16.1 13.3 10.4 7.4 4.5 1. 6 

21 

2.3542.94253.53 1 4.1 1954.7084.7084.7084.7084.708 4.708 4. 708 4.708 4. 708 4. 708 4.708. 4.708 4.70B 4.70B 4.708 4. 7084.708 " 
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KENYA I PLANTATION PROJECT

Table 9.Daily Unskilled Labour Cost Schedule

Year Wage Rate

(Ma)

Seven Percent
Supervision Cost

(KSh)

Daily
Labour Cost

(KSh)

1967/68-69/70 2.20 0.1540 2.3540

1970/71 2.75 0.1925 2.9425

1971/72 3.30 0.2310 3.5310

1972/73 3.85 0.2695 4.1195

1973/74 and on 4.40 0.3080 4.7080

- 12 -

Kl!NYA I PLANTATION PROJmT 

Table 9. Dail~ Unaldlled Labour Cost Sohedule 

Year Wap Rate Sev .. Pero .. t 
Supervi8ion Coat 

(KSb) (KSh) 

1961/61>.69/70 2.20 0.1540 

1910/11 2.15 0.1925 

1911/12 3.30 0.2310 

1912/73 3.85 0.2695 

1973/74 and on 4.40 0.3080 

Daily 
Labour Co st 

(KSh) 

2.3540 

2·9425 

3.5310 

4.1195 

4.1080 



per m3 of sawlog stumpage for the first and second commercial thinninge, and KSh 58.28 for
the final harvest.

Indirect Benefits

Indirect benefits were not quantified in either the economic or the financial
analyses. Indirect benefits would include the promotion of secondary industries auch
as logging and sawmills, p];ywood factories and furniture factories. These would generate
additional employment and income. The Project itself would employ some 1 500 resident
workers. Other indirect benefits would be the maintenance of permanent protective vegeta-
tive cover on waterahed areas where most of the permanent rivers in Kenya originate.

E. COMPARING COSTS AND BENEFITS

The total cost and total benefit/revenue streams are ahown in the accompanying
cash flow tables. Table 10 is the sawlog financial cash flow, Table 11 is the sawlog
economic cadh flow, and Talle 12 is the pulpwood financial/economic cash flow. I/ The
financial and economic rates of return (FRR and ERE) are as follows:

- 13-

Sensitivity knalysis

The sensitivity of the economic rate of return to different input and output
assumptions is presented in Table 13.

(a) Sawlog sub-project - First, ERR estimates were made separately for
each half of the aub -project, i.e. the import substitution and the export components.
For the import substitution component the rate of return was 14.8% and for the export
component it was 7.0.

Given the expected employment situation in the country, it was estimated
that the economic wage for unskilled labour should be somewhat lower than the financial
wage rate. Also, it was considered likely that in view of the projected deficits in
importing countries, prices of exported Kenyan sawnwood would increase in the future.
In order to explore the impact of both changes, results were tested for an increase in
the price of the export component equal to 1 percent per year, combined with a shadow wage
assumed equal to 75 percent of the financial wage. The economic rate of return for the
expolt component rose from 7.8 percent to 13.5 percent.

(b) Pulpwood sub-project. In this case, there was no clear indication of the
direction in which prices might move in the future, as pulpwood prices would be heavily
influenced by government policies regarding the level of protection granted to the pulp
and paper industry. For this reason, results were tested against both increases in pulp-
wood stumpage prices equal to 1% per year and a total decrease in revenues of 25%. The
rate of return respectively increased from 11% to 12.5% and decreased to 8.5%. The results
were also tested to determine the effect of shadowpricing unskilled and silvicultural
labour at 75% of the original value. This raised the rate of return from 11% to 11.5%.

sawlog financial analysis
sawlog economic analysis
pulpwood financial/economic analysis

7.8% (FRI
12.3% 112R

11.00 FRR and ERR)

1/ Pitting cost was assumed not to occur in the economic analysis since it was insignif-
icant and only applied to 25% of the sawlog area. The rate of return is unchanged by
its removal.
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per m3 of sawlog stumpage for the first and second commercial thinninge, and KSh 58.28 for 
t he final harve st • 

Indirect B enen t s 

31. Indirect benefits were not quantified in either the economic or the financial 
analyses. Indirect bensfits would include the promotion of secondary industries such 
as logging and sawmills, plywood factories and furniture factories. These would generate 
additional employment and income. The project itself would employ some 1 500 resident 
workers. Other indirect benefits would be the maintenanoe of pennanent protective vegeta­
tive cover on watershed areas wher .. most of the permanent rivers in Kenya originate. 

E. COMPARING COSTS AND BENEFITS 

32. The total cost and total benefit/revenue atreams are sho"" in the accompanying 
cash flow tables. Table 10 is the sawlog financial cash flow, Table 11 is the sswlog 
economic cash flow, and Table 12 is the pulpwood financial/economic cash flow. y The 
financial and economic rates of return (FHR and ERR) are as follows: 

sawlog financial analysis 
sawlog economio analysis ' 
pulpwood finanoial/economio analysis 

Sensitivity Analysis 

33. The sensitivity of the economic rate of return to different input and output 
assumptions is presented in Table 13. 

34. (a) Sawlog sub-project - First, ERR estimates were made separately for 
each half of the sub-pro j eot , i.e. the import substitution and the export components. 
For the import substitution component the rate of return was 14.8% and for the export 
component it was 7.8%. 

35. Given the expected employment situation in the country, it was estimated 
that the economic wage for unskilled labour should be somewhat lower than the financial 
wage rate. Also, it was considered likely that in view of the projected deficits in 
importing countries, prices of exported Kenyan sawnwood would increase in the future. 
In order to explore the impact of both changes, results were tested for an increase in 
the price of the export component equal to 1 percent per year, combined with a shadow wage 
assumed equal to 75 percent of the financial wage. The economic rate of return for the 
export component rose from 7.8 percent to 13 .5 percent. 

36. (b) Pulpwood sub-project. In this case, there was no clear indication of the 
direction in which prices might move in the future, as pulpwood prices would be heavily 
influenced by government policies regarding the level of protection granted to the pulp 
and paper industry. For this reason, results were tested against both increases in pulp­
wood stumpage prices equal to 1% per year and a total decrease in revenues of 25%. The 
rate of return respectively increased from 11% to 12.,>% and decreased to 8.5%. The results 
were also tested to determine tte effect of shadowpricing unskilled and silvicultural 
labour at 75% of the original value. This raised the rate of return from 11% to 11.5%. 

y Pitting cost was assumed not to occur in the economic analysis since it was insignif­
icant and only applied to 25% of the sawlog area. The rate of return is unchanged by 
its removal. 
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Table 13

Economic Rates of Return for Alternative Assumptions
Used in the Sensitivity Analysis

(KRR in percent)

Half Sawlog Output Substitutes for Imports

Half Sawlog Output is Exported

Half Sawlog Output is Exported with 1 Annual
World Sawnwood Price Increase and 75% Shadow
Wage Rate for Unskilled Labour

Vo Annual Pulpwood Stumpag:e Price Increase

2% Annual Pulpwood Stumpage Price Increase

75% Shadow Wage Rate for Unskilled Labour

25% Benefit Reduction

Sawlog Pulpwood

14.8 n.a.

7.8 n.a.

13.5 n.a.

n.a. 12.5

n.a. 14.0

n.a. 11.5

n.a. 8.5
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Table 13 

Economic Rates of Return for Alternative Assumptions 
Used in the Sensitivity Analysis 

(ERR in percent) 

Sawlog 

1. Half Sawlog Output Substitutes for ImPorts 14.8 

2. Half Sawlog Output is Exported 7.8 

3. Half Sawlog Output is Exported with 1% Annual 
World Sawnwood Price Increase and 75% Shadow 
Wage Rate for Unskilled Labour 13.5 

4. 1% Annual Pulpwood Stumpage Price Increase n.a.. 

5. 2% Annual Pulpwood Stumpage Price Increase n.a. 

6. 75% Shadow Wage Rate for Unskilled Labour n.a. 

7. 25% Benefit Reduction n.a. 

Pulpwood 

n,,:a. 

n.a. 

n.a. 

12.5 

14.0 

11.5 

8.5 
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KENYA I

FDREST PLANTATIONS PROJECT

NET TRADE BALANCE IN FOREST PRODUCTS 1963-1967

1963 1964 1965 1966 1967

KC. '000-

Fuelwood and Charcoal + 77.9 + 91.8 + 153.5 + 134.7

+168.9 + 280.3 (;' 124i71.:6.6i)

Sawlogm - 0.7 - 3.5 + 2.6 + 20.7 + 7.0
Poles and Posts + 29.8 + 23.8 + 57.9 + 81.9 + 78.5
Sawn Timber +125.9 +218.0

: 3::::: 19:::)
+ 173.3

of which: Softwood (+153.8) (+204.8) (+ 273.4) (-1- 193.7) (+ 246.8
Hardwood

)

(:1170.V - 143.2
(+ 13.2) ( ) (

Boxes, Crates, etc. -158.9 - 152.5
Builders' Woodwork + 85.8 + 69.7 + 107.0 + 59.1
Wood Carvingm - + 341.7
Plywood -115.7 -158.9 - 147.7 - 205.2 - 180.6
Matches + 3.4 - 18.1 + 60.8 + 57.2 4. 34.8
Other - 2.5 + 2.3 + 29.9 - 23.0 - 78.7

APPENDIX 1

Sub-total Wood: + 93.4 +235.1 + 727.9 + 512.3 + 483.7

Paper, Paperboard and
Manufactures thereof
Fibre Board

Sub-total Pulp:

Wattle Bark
Other

Sub-total:

NET TRADE BALANCE:

-2 292.6 -2 163.3 -2 604.0 -2 843.6 -3 046.5
- 41.7 - 87.9 - 118.2 - 113.6 - 104.1

-2 334.3 -2 251.2 -2 722.2 -2 957.2 -3 150.6

+ 157.2 + 197.6 + 118.3 + 142.8 + 66.9
+ 50.0 + 22.1 + 34.5 + 26.7 + 38.5

+ 207.2 + 219.7 + 152.8 + 169.5 + 1052,4

-2 033.7 -1 796.4 -1 841.5 -2 275.4 -2 561.5

APJ'ENlnX 1 

KENYA I 

FOREffi' PLANTATIONS PROJEX:T 

NET TRADE BALANCE IN FOREffi' PRODUCTS 1963-1967 

1963 1964 .1.2.§2 1966 1967 

-----------Ki. '000- - - - - - - - - - - - -

Fuelwood and Charcoal + 77.9 + 91.8 + 153.5 + 134.7 + 147.6 
Sawlogs - 0.7 - 3.5 + 2.6 + 20.7 + 7.0 
Po les and Posts + 29.8 + 23.8 + 57.9 + 81.9 + 78.5 
Sawn Timber +125.9 +218.0 + 326.8 + 197.7 + 173.3 

of which: Softwood ~+153.8l ~+204.8l ~+ 273.4l ~: 193.7l ~+ 246.8l 
HardliOod - 27.9 + 13.2 + 53.4 4.0 - 73.5 

Boxes, Crates, etc. -110.4 -158.9 - 143.2 - 152.5 - 98.5 
Builders' Woodwork + 85.8 + 69.7 + 107.0 + 59.1 + 105 . 8 
Wood Carvings +168.9 + 280.3 + 341.7 + 294.5 
Plywood -115.7 -158.9 - 147.7 - 205.2 - 180.6 
Matches + 3.4 - 18.1 + 60.8 + 57.2 + 34.8 
Other - 2.5 + 2.3 + 29.9 - 23.0 - 78.7 

Sub-total Wood: + 93.4 +23:2. 1 + 727.2 + :2 12 .3 + 483.7 

Paper, Paperboard and 
Manufactures thereof -2 292.6 -2 163.3 -2 604.0 -2 843.6 -3 046.5 
Fibre Board 41.7 87.9 - 118.2 - 113.6 - 104.1 

Sub-total Pulp: -2 334.3 -2 251.2 -2 722.2 -2 957.2 -3 150.6 

Wattle Bark + 157.2 + 197.6 + 118.3 + 142.8 + 66.9 
Other + 50.0 + 22.1 + 34.5 + 26.7 + 38.5 

Sub-total: + 201.2 + 212.1 + 122•8 + 162.2 + 10:2.~ 

NET TRADE BALANCE: -2 033.7 -1 726.4 -1 841.:2 -2 21:2.4 -2 :261.5 
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Public Sector

This category includes all government, institutional, and religious buildings as
well as private schools and hospitals. Capital expenditure on new buildings will be
related to growth in population rather than to incomes. A rate of 3.25% has been taken
as the rate of construction necessary to service a population gnowing at 3%.

Commerce and Industry

This sector will develop with the gradual emergence of cash earners in the economy.
It has been assumed, however, that since efficiency in the use of wood will increase, the
annual growth in commercial and industrial building will be one percentagy point less than
the annual growth of national income. This will give a rate of increase of about 5% per
annum, and an manual consumption of sawn wood of 147 thousand m3 by the year 2000.
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KENYA I

FOREST PLANTATIONS PROJECT

MARKETING

A. Saw-wood

Output from the Saw-wood Circle would be largely of sawlogs, with mmaller
quantities of peeler logs being supplied to the recently established plywood industry.

Domestic demand projections are based on a 1962 FAO study. The FAO data have
been amended by the mission in the light of up-to-date information on population growth
and income per capita. Thus, in arriving at the medium forecast of demmnd used in the
report it has been assumed that throughout the period 1960-2000, Kenya 's population would
increase by 3%, per annum and per capita income by 0 per manum. The table below shows
the projections of demand on these bases, and following this details of the eatimates are
discussed.

Projected Domestic Saw-wood Requirements

Sawn Wood (1 000 m3)

Public Sector
Commerce and Industry
Rural Households
Urban Households

Plywood (1 000 m2)

Total Saw-lood Requirements
('000m roundwood equivalent)

1960 1967 1980 2000

131 246 575

22
21
32
20

675

27
29
47
48

835

42
57
99
48

1 860

80

147
249
99

575

243 337 566 1 217
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4. This sector will develop with the gradual emergence of cash earners in the economy. 
It has been assumed, however, that since efficienoy in the use of wood will increase, the 
annual growth in commeroial and industrial building will be one percentage point less than 
the annual growth of national income. This will give a rate of increase of about 5% per 
annum, and an annual consumption of sawn wood of 147 thousand m3 by the year 2000. 
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Rural Households

The use of sawn wood in private residential buildings in rural areas currently
represents about a third of total estimated eawn wood consumption. Because of the rapid
increase in the number of rural cash earners, it is expected that the growth of this sector
will be the fastest. The use of sawn wood in rural households and associated buildings
consequently is expected to reach 249 thousand m3 by year 2000, or about 43% of total
domestic consumption.

Urban Households

This category comprises private residential buildings in all towns, settlements,
and trading centres. It is assumed that the future growth rate of urban population will
be 5% until 1980, a slower rate than in the past (6%) and thereafter 4% until 2000 as
development of commerce and industry becomes spread more widely through the oountry. With
the rates adopted, the use of sawn wood for urban households will reach about 99 thousand
m3 in year 2000.

Plywood aad Woode-based Board Products

.

Import statistics show an apparent oonsumption of plywood of 835 thousand m2 en
1967, or approximately 0.1 m2 per capita per aanum. Paxt of this is re-exported in the
form of tea chests. The rate of increase in domestic use is difficult to assess since
the uses of plywood overlap with those of other non-wood prodncts and the extent to which
aubstitution would occur is unknown. It is tentatively assumed that annual per capita
apparent consumption would rise to 0.25 m2 by the year 2000, resulting in domestic sales
of the order of 5.6 million m2 annually.

Tmo privately-owned plywood factories (one at Elgeyo, the other at Sokoro) started
operations in 1968/69 with a total annual output capacity of 1.1 million m2. It is assumed
that low production costs will nermit these factories to compete with importe.

Total Domestic Roundwood Reauirements

Assuming 2.0, instead of the present 2.5, as the converSion factor of sawn wood
to roundwood in the year 2000 (thus anticipating better quality and uniformity of logs
and some modernization of sawmill machinery) and a factor of 11.88 m3 of roundwood for
each thousand m2 of plywood, total domestic requirements would amount to about 1.2 million
m3 of roundmood in the year 2000.

Roundwood Requirements for Exports

A oomparison of future domestic production (including the production from current
planting programmes) with prospective requirements indicates a maximum deficit of about
850 thousand m3 roundwood equivalent in Tanzania and Uganda in 2000. Theee countries' plans
to achieve self-eufficiency have so far been hampered by lack of funds. The soope of
Kenyan exports to these countries would depend on the degree aad the rapidity of realization
of their plans. For a medium forecast, it is aspeamed that the deficit would be 425 thous-
aad m3, of mhich 75% would be imported from Kenya, Import requirements in the Middle East
are expected to reach about 3.3 million m3 roundmood equivalent of coniferous softwood by
the year 2000. It is aesumed that Kenya could supply 20% of these requirements. Finally,
there is a market in Europe for small quantities of top grade softwood from Kenya, but
it is assumed that only about 10% of Kenya's production would meet quality standards for
suoh exports, as at present. In total, this medium forecaut assumes total exports equi-
valent to 1.2 million m3 of roundwood annually in the early 2000's.

Rural Households 

5. The use of sawn wood in pri vat e resident ial buildings in rural areas current ly 
represents about a third of total estimated sawn wood consumption. Because of the rapid 
increase in the number of rural cash earners, it is expected that the growth of this sector 
will be the fastest-. The use of sawn wood in rural households and associated buildings 
consequently is expected to reach 249 thousand m3 by year 2000, or about 43% of total 
domest ic consumpt ion. 
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6. This categorY comprises private residential buildings in all towns, seitlements, 
and trading centres. It is assumed that the future growth rate of urban population will 
be 5% until 1980, a slower rate than in the past (6%) and thereafter 4% until 2000 as 
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m3 in year 2000. 
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7. Import statistics show an apparent consumption of plywood of 835 thousand m2 in 
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form of tea chests. The rate of increase in domestic use is difficult to assess since 
the uses of plywood overlap with those of other non-wood products and the extent to which 
substitution would occur is unknown. It is tentatively assumed that annual per capita 
apparent consumption would rise to 0.25 m2 by the year 2000, resulting in domestic sales 
of the order of 5.6 million m2 annually. 

8. Two privately-owned plywood factories (one at Elgeyo , the other at 5ol<oro) started 
operations in 1968/69 with a total annual output capacity of 1.1 million m2 . It is assumed 
that low production costs will permit these factories to compete with imports. 
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9. Assuming 2.0, instead of the present 2.5, as the conversion factor of sawn wood 
to roundwood in the year 2000 (thus anticipating better quality and uniformity of logs 
and some modernization of sawmill machinery) and a factor of 11.88 m3 of roundwood for 
each thousand m2 of plywood, total domestic requirements would amount to about 1.2 million 
m3 of roundwood in the year 2000. 

Roundwood Requirements for Exports 

10. A comparison of future domestic production (inoluding the production from current 
planting programmes) with prospective requirements indicates a maximum deficit of about 
850 thousand m3 roundwood equivalent in Tanzania and Uganda in 2000. These countries' plans 
to achi eve self-sufficienoy have so far been hampered by lack of f unds. The scope of 
Kenyan exports to these countries would depend on the degree and the rapidity of realization 
of their plans . For a medium forecast , it is assumed that the deficit would be 425 thous­
and m3, of which 75% would be import ed from Kenya. Import requirement s in the Middle East 
are expected to reach about 3. 3 million m3 roundwood equivalent of coniferous softwood by 
the year 2000. It is assumed that Kenya could supply 2af, of these requirements. Finally, 
there is a market in Europe for small quantities of top grade softwood from Kenya, but 
it is assumed that only about laf, of Kenya's production would meet quality standards for 
such export s , as at present. In total, this medium forecast assumes total exports equi­
valent t o 1.2 million m3 of roWldwood annually in the early 2000' B. 
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Projected Supply/Demand Situation

Adopting the preceding forecasts of domestic aad export sales, the aggregate
demand for roundwood would be about 2.4 million m3 in the year 2000. To assess the range
of variation of total requirements, the following additional evaluations were made. In
forecasting domestic demand, the income per capita growth rate was assumed to be comprisid
between 2% and 44 per annum, In forecasting exports, it was assumed, first, that
Tanzania and Uganda would increase their own plantings, thus reducing their import require-
ments to between 25% and 75% of the level expected without an expansion of their programmes;
and second, that Kenya would succeed in supplying between 15% and 25% of the coniferous
wood import requirements in the Middle East. The lower and upper extremes of the range
calculated with these assumptions are 1.8 million m3 and 3.0 million m3 of roundwood,
respectively.

On the basis of conservative yield estimates, about 1.4 million m3 of roundwood
annually would be available from the year 2000 from clear felling of project plantingn,
about 340 thousand m3 from thinning of later plantingn, and at least 700 thousand m3 from
clear felling of plantings made prior to the project. These sources would provide a total
supply sufficient to meet the medium forecast requirement of 2.4 million m3 annually.

The supply and demand situation Should be revised at regular intervals and planting
programmes subsequent to the project adjusted accordingly. In addition, potential markets,
both domestic and export, should be investigated and actual market promotion undertaken.
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B. Pulpwood

14. It is assumed that, by the time project pulpwood plantings reach maturity, that

is after 14-15 years, the Webuye pulp and paper mill would be manufacturing
75 000 m tons of paper, of which 37 500 m tons would be bleached and 37 500 m tons
unbleached, requiring about 70 000 m tons of pulp. Assuming recovering rates of 42%

and 47% respectively for bleached and unbleached pulp, the annual wood requirements of

the pulpmill are estimated at 410 thousand m3, including an emergency reserve of about

5%. Project pulpwood plantings and earlier plantings would supply this deMand as shown

in the following exploitation schedule.

Projected Annual Exploitation Schedule for Pulpwood

Plantings nade Prior
to the Project Project Plantings

Total
Volume,
(000 m 3)

Area
(ha)

Volume, Area
(000 m 3) (ha)

Volume,
(000 m 1

1981/82 630 165.9 -- -- 165.9

1982/83 1 700 443.1 -- __ 443.1
1983/84 400 132.2 1 210 313.1 445.3
1984/85 220 82.1 1 380 359.3 441.4
1985/86 -- -- 1 500 409.9 409.9
1986/87 1 490 410.2 410.2
1987/88 1 480 410.8 410.8
1988/89 -- -- 1 460 410.5 410.5
1989/90 -- 830 250.2 250.2

Total Area
Felled: 2 950 9 350
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Preface

This is one of a series of case studies of forestry and forest industries projects
that has been prepared by the Food and Agriculture Organization of the United Nations (FAO)
in order to demonstrate methods of identifying, preparing arad appraising projects in the
forest sector. The programme of case studies has been made possible by a special
allocation to FAO for this purpose from the Swedish International Development Authority
(SIDA). This case study has been compiled by FAO with the assistance of the College of
Forestry at the University of Minnesota.

The project reported on in this case study is a project of the Government of Kenya
which has been supported by a loan from the World Bank. The case study is based largely
on material contained in an appraisal of the project carried out by the World Bank
(Report No, PA-14a). Additional information was gathered through a visit to the project.
The case study describes the project as it was perceived at the time of appraisal in late
1968. This material has been released to FAO by the World Bank and the Government of
Kenya exclusively for the purpose of teaching forestry planning methods. It may not be
quoted or reproduced in part or in whole without permission.
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ABBREVIATIONS

CURRENCY EQUIVALENTS

Currency Unit . Kenya Shillings (K Sh)

KL . K Sh 20

K Sh 1.00 . US$ 0.14

K Sh Million . US$ 140,056

£1.00 Sterling = K Sh 17.25

C.I.F./c.i.f. Cost, insurance and freight

Ef?.R Economic rate of return

F.D. Forest Department

F. 0.B./f.o0b0 Free on board

FER Financial rate of return

NFIri Net Future Worth

NPW Net Present Worth

SE'V Soil Expectation Value

SR Soil Rent

C.I.F./c.i.r. 

ERR 
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F.O.B·lt.o.b. 
FHa 
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INTR °DUCT ICU.

1, Kenya's forests are of fundamental importance to the country's future development.
They provide a valuable economic base for industrial development and also play a crucial
role in the preservation of water catchment areas and in the prevention of soil erosion.
Forests help protect the country's plant and animal life and offer an important source of
tourist revenue. Over the past decades, forests have continually been exploited for sawn
timber, charcoal and other forest products. Also, parts of the natural forests have been
given over to controlled or spontaneous settlement as a result of intense population
pressure in many agricultural areas. As a result the main economically accessible reserves
of commercially valuable species have been considerably diminished.

The Kenyan Government has over the past thirty years been replacing some of the
country's forests with fast-growing exotic softwood plantations. An extensive forest
development programme has been designed to meet an increasing domestic demand for forest
products and to take advantage of expanding export opportunities, particularly to the
Middle East and Tarope.

Kenya's present long-term industrial forestry programme aims at the establishment of
about 136 000 ha of sawlog plantations and 24 000 ha of pulpwood plantations by 1980. To
date approximately 104 000 ha of sawlog plantations and 16 500 ha of pulpwood plantations
have been established under the programme. In 1970 a project aimed at planting about
19 000 ha of sawlog plantations and 9 000 ha of pulpwood plantations over six years (1970
1975) was launched with the support of the World Bank (the first phase project; see Case
Study No. 4). This project was completed one year ahead of schedule in 1974.

The project on which this case study is based (the second phase project) will, over
six years (1975-1980) continue and expand the first phase project to include the total
industrial plantation programme of the Kenyan Forest Department to provide raw material for
sawmills and a pulp and paper plant. 1/ The project will complete the Government's target
plantation programme to 1980. It will also support further development of plantations
already established.

When fully established, the plantations would be the primary source of raw material
for pulp and paper manufacturing and for the country's sawmills. Of about 46 000 ha
planted during the period of implementation of the project, 38 000 ha would be used for
sawlogs and the rest for pulpwood.

The estimated cost of the project including contingencies for the six-year plantation
period is K Sh 396.5 million (USS 55.5 million with a foreign exchange component of about

US1 12.) million).

This Case Study is divided into five sections. Section A provides background for
the project. Section B gives technical details of the project including estimates of
input requirements and output levels. Section C analyses project costs and Section B
discusees project benefits. Section E provides a comparison of costs and benefits and
analyses the sensitivity of expected project performance to changas in input and output
assumptions.

The Case Study is a self-contained example of a "time slice" project appraisal,
including separate analyses of independent prcject components. In combination with Case
Study No. 4, it provides useful insights into the evolution of a major plantation programme,
and of the planning of the latter.

1/ Policies and practices described in this case study are not necessarily those
actually employed in Kenya, either at present or during the period covered by the
case study.
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A. BACKGROUND 1/

Forestry contributed about 2 percent of GNP and forest products represented less than
5 percent of total exports in 1973. Kenya remains a net importer of forest products,
mainly paper and paperboard products.

There are about 180 licensed sawmills in Kenya, and many more unliqensed ones. Most
are small operations (only five.have an annual capacity of over 3 000 mi(s)). They are
designed primarily to provide sawn timber for the growing rural tarket, are handicapped by
inefficient operations, and produce a low quality product. Total output has averaged
about 100 000 m3(s) annually over the last three years, about 10 percent of which was
exported. To meet projected demand, by 1980 sawnwood production capacity would have to
be increased to 210 000 ma(s). This could be realized without major increase in new
capacity if significant improvements in the efficiency of existing mills were achieved.

Over the past few years the Kenyan government haz made increased efforts to assist
mills in identifying bottlenecks and improving their efficiency, but only a limited impact
has been made thus far. The government in some cases also has designed its industrial
plantations in blocks of at least 4 000 ha to encourage the construction of larger, more
efficient mills turning out a higher quality product, but this also has failed to produce
additional capacity. The project will thus pruvide further technical assistance to
increase the efficiency of sawmilling.

There are a number of mills producing plywood. Two mills, one at Elburgon and one
at Elgeyo, together produced about 1 million m2 of plywood in 1972. A third mill with a
capacity of 1.5 million m2 has been constructed at Eldoret, and mills are planned in the
Mount Kenya area and the Masai Mau forest.

In addition there is the newly constructed pulp and paper mill at Webuye Which will
eventually be one of the country's largest industrial enterprises. The mill has a
capacity of 54 000 air dried metric tons per annum, and its expansion to 75 000 tons by
the mid-1980s is being considered. The mili will require about 300 000 m) of pulpwood a
year at full operation at present capacity, equivalent to the output of about 24 000 ha of
plantations; this would need to be increased to some 35 000 ha of plantations to meet
expected increases in the mill's capacity.

The first phase industrial plantations project was located within four main
administrative divisions west of the Rift Valley which account for about 75 percent of the
Government's long-term programme. In general, the project has been carried out
satisfactorily. In the early years difficulties were experienced in land acquisition,
necessitating the relocation of some plantation development and in the establishment of
pulpwood plantations in the Turbo area due mainly to soil deficiencies. The planting
failures at Turbo had been largely overcome by 1973-1974.

The Kenya Government's programme for forestry development has been designed with due
regard to environmental considerations. The current system of plantation development and
the possible impact of fastgrowing plantations on the hydrological balance in forest areas
has been studied over a period of fifteen years, and there is sufficient evidence to
confirm that there is no adverse impact on the water regime by changing from one form of
forest crop (indigenous forest) to another (fastgrowing plantations). Also, when the
Kenya Government's longterm plantation programme is fully implemented, it will result
in the replanting of only about 20 percent of the area of indigenous forests designated as
forest reserves, leaving some 1.5 million ha untouched by the programme. Approximately
40 000 ha of this area has alreaay been set aside by the government as Nature Reserves or
National Parks.

1/ For additional information on the forest sector of Kenya, see Case Study_NO.4:
Kenya I SelAilóg and Pulpwood Plantation Project,.
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B. DESCRIPTION OF THE SEUVD FORESTRY PLANTATICU PROJECT

16. The proposed project (analysed here) would be implemented during the six-year period
1975-1980. The project includes:

the afforestation of 32 000 ha for sawlogs and 8 000 ha for pulpwood, and the
reforestation of 6 000 ha of clear-felled plantations, mainly for sawlog
products (Table 1);

further development of 120 000 ha of existing sawlog and pulpwood plantations;

construction, up-grading and maintenance of forest roads;

construction of staff housing and administration buildings;

studies, technical assistance, and training.

17. The plantation activities include establishment of nurseries, land clearing and
preparation, planting and weeding. About 16 million seedlings will be required per year.
These will be raised in some 90 existing nurseries in addition to 16 new nurseries to be
established by the project.

18. All of the sawlog planting and about 90 percent of the pulpwood planting will take
place in already-exploited indigenous forest areas to be cleared using the traditional
"shamball system. 1/ The planting spacing will be 2.5 m x 2.5 m for sawlog crops and
2.7 x 2.0 m for pulpwood crops. The main pulpwood species to be used are pines (Fines
patula and Finns elliotti) and eucalypts (Eucalyptus saligna) and the primary sawlog
species is cypress (pupressus lusitanica). Planting will be done manually. Past
experience indicates that a failure rate of about 10 percent can be expected and replanting
will be carried out either in the same or the next planting year.

19. Sawlogs will be grown on a 25-year rotation, with commercial thinnings at age 10
(35 m3/ha) and age 15 (30 m3/ha). The final harvest yield is expected to be 360 m3/ha.
Pulpwood will be grown on a 15-year rotation with a final harvest yield of 225 m3/ha.

20. Project activities include silvicultural and forest management elements such as
pruning, thinning, fire control and other services to be provided not only to the project's
plantation but also to about 120 000 ha of plantations alreaay eetablisaied.

21. In addition the project provides for the construction of about 160 km of all-weather
forest roads and plantation access tracks per year. Also, 20 km of service roads will be
upgraded each year.

22. To meet the requirements of administration and housing, the project will include all
direct and indirect administrative overhead expenses in support of the industrial plantation
programme and related activities such as forestry protection. The project's staffing will
comprise 36 forestry officers, 106 technical lavel foresters, 165 forest rangers, 164
clerks, 184 drivers and 660 forest guards.

23. To carry out the project, it is necessary to construct one new division headquarters,

4 new stations and 12 new sub-stations. The housing of some 1 300 forest labourers will
be improved and some 2 000 new houses constructed at the new stations and sub-stations,
making a total housing programme of some 3 300 units.

_

1/ See Case Study No. page 3$ for a description of the shamba system.
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The project requires investment in equipment for several different project activities
including afforestation, road building, administration, buildings and housing. Equipment
includes bulldozers, loaders, graders, rollers, lorries, tractors, saloon cars, water
pumps, and various other equipment.

In connection with studies and technical assistance, the project will provide for a
total of 5 man-years of staff time. Staff to be recruited will include a land use planning
economist, a forestry specialist, an agronomist, a hydrologist and an ecologist. Funds
will also be provided for training skills to interpret data from the Earth Resources
Technology Satellite (ERTS) for classifying land use categories and recording changes in
land use patterns. Also, in order to improve efficiency and production of the country's
sawmills, the project will include the provision of technical assistance comprising three
sawmill advisers for three years and the establishment and operation of a small-scale
sawmill training centre.

Each year 40 ha of trial plantations will be established under the project, and they
will provide a basis for an evaluation of forest potential in the Arabuko-Jukoke and the
Bone-Lungi semi-arid areas of the Coast Province Which appear to have potential for
considerable forestry plantation development.

C. PROJECT OCETS

Financial Costs

The total project financial cost for the six year plantation period is estimated to be
Ksh 396.5 million (US$ 55.5 million). The foreign exchange component is estimated to be
about US$ 12.9 million. Appendix 1 presents detailed information about the assumptions
relating to physical inputs and the input unit prices which were used in the analysis.
Based on these results, Table 2 displays total project financial costs, and a more
detailed yearly schedule is presented in Table 3. Three plantation components - sawlog
circle, pulpwood circle Eldoret Division and pulpwood circle Turbo Division - are identified
and analysed separately because of geographical and/or output differences. The financial
costs of the three project components are shown, on a per hectare basis, in Tables 9, 10
and 11. 1/ The cost streams in all cases include all costs of the project components
which will be incurred beyond the six-year planting period since they must be incurred in
order to receive the benefits. However, the financial costs of studies, technical
assistance, training, etc., have been excluded from the cost flows since benefits of these
activities are mostly unquantifiable and therefore the analysts preferred to treat these
activities and their effects in a purely qualitative manner.

Economic Costs

28. Economic
components.
Silvicultaral
Ksh 12.68 per
directly into
components,

costs are also derived on a per hectare basis for the three plantation
Individual silvicultura' cost items are listed in Table 8 in Appendix 1.
labour has been shadow priced at 75 percent of the financial wage of
man day, i.e. at Ksh 9.51 per man day. The 0.1vicultural costs are entered
the economic cash flow tables 12, 13 and 14 1/ for the three project

29. Nonsilvicultural financial costs also have been estimated in Appendix 1 and are
listed in text Table 4,, EV Non-silvicultural economic costs are derived by shadow pricing

1/ The financial cash and economic value flow tables (tables 9-14) appear on pages 15-20.

E/ Non-silvicultural costs are defined to be those costs which are not directly
apportioned on a per hectare basis, such as baildings, vehicles, etc. Non-
silvicultaral financial costs are determined for the entire plantation programme of
160 000 ha.
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the foreign exchange components of these costs at 130 percent of the official foreign
exchange rate.

30. These non-silvicultural costs need to be apportioned to each of the three project
components on a per hectare basis for inclusion in the per hectare value flow tables. The
approach used is as follows:

In Table 4 each non-silvicultural cost is expressed as an average (unweighted)
amount, with the foreign exchange component shadow priced as indicated above.

In Table 6 each unweighted cost from Table 4 is adjusted for each project
component to reflect the proportion of the total annual unskilled silvicultural
labour used in that project component. Unskilled silvicultural labour was used
as a basis for weighting non-silvicultural costs since it is likely to be a good
indicator of the intensity of project component activity at any given time. The
top half of Table 5 shows the yearly requirements of unskilled silvicultural
labour for each project component, as well as the weights based on,those
requirements, which are used to derive the values in Table 6.

Finally, each weighted total from Table 6 is split up into yearly amounts by
multiplying it by the percentage of unskilled silvicultural labour used per year
in that project component. These yearly percentages are found in the bottom
half of Table 5. The yearly weighted non-silvicultural costs are then entered
into the economic cash flow table (Tables 12, 13 and 14).

D. PRCU7CT BaTEFITS

Financial Revenue

31. The financial revenue is calculated on the basis of the unit prices the Government of
Kenya expects to obtain for stumpage multiplied by the volumes thinned and harvested.
Physical yields per hectare are summarized in Table 7.

32. Financial stumpage prices expected for sawlogs are derived from expected sawnwood
prices assuming certain conversion factors between sawiogs and sawnwood (which are
explained in Table 8). The financial stumpage price for pulpwood is expected to be equal
to Ksh 30/m3. The results of the financial revenue calculations are displayed in Tables
aI 10 and 11./

Economic Direct Benefits

33. In calculating the economic unit value of the pulpwood output, it is assumed that if
the project fails to materialize, pulpwood chips would have to be imported to run the
Webuye Pulpmill. Therefore, the project's output of pulpwood will save an amount of
foreign exchange which is then shadow priced at 130 percent of the financial value of
that foreign exchange. The procedure followed is explained in more detail in Appendix 3

and the reault is displayed in Table 8.

34. In estimating sawlog values, it is assumed, based on a demand study carried out
previously, that 75 percent of the sawlog output will be consumed domestically,
substituting for volumes which otherwise would have been imported in the absence of the

project. The remaining 25 percent will be exported.

35. The eoonomic benefit streams calculated using the unit values above are displayed
in Tables 12, 13 and 14.
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Inherited values and salvage values were included in the "costs" listed in Tables 4
and 6. Inherited values (costs) are the values at the start of the project of vehicles,
equipment, tools, stores, buildings, and road equipment which were purchased or built
during the plantation programme preceding the present project. The appropriate inherited
value for these items is the value they have, if any, in their next best (highest valued)
use other than the present project. Likewise, salvage values (benefits) are the values
of the same types of items at the termination of the rotation, valued in terms of their
best alternative use or in terms of What they could be sold for. The procedures used to
estimate inherited and salvage values are explained in detail in Appendix 2,

Both physical and price contingencies were included in the total project costs.
However, only the physical contingencies were included in project financial and economic
cash flow analyses (see Appendix 1). Price contingencies are important for budgetary
purposes, but by definition do not affect real (economic) rates of return.

Indirect Benefits

Under the project, benefits would be widely distributed among those to be employed
directly in the plantation programme (who would fall within the lower rural income
brackets), and in related processing industries, as well as among both rural and urban users
of the final product. The project would provide continued employment of about 4 750 person
over six years, although this would fall slightly to about 4 500 persons when the main
planting programme is completed. However this decrease is expected to be offset by
secondary employment opportunities arising from expanding processing industries.

As has been mentioned before, there is also a whole array of indirect effects
generated by the project Which are not quantifiable. One case in point relates to the
substantial efforts carried out under the project to train local technicians, and the
experience which will be acquired by local project staff during the implementation of the
project which could then be favourably extended to other future afforestation programmes.
The project will probably provide additional incentives for rural people and will help to
distribute the population of Kenya more evenly.

E. COIPARING CCSTS AND BENEFITS

The financial and economic rates of return for each of these project components were
estimated directly from the relevant financial cash and economic value flow tables. The
financial and economic value streams differ only in what relates to:

wages, which in the economic analysis are assumed to be equal to 75 percent
of financial values;

foreign exchange rate, which in the economic analysis is equal to 130 percent of
the financial value;

stumpage values, Which are higher in the economic analysis.

41. The estimated financial and economic rates of return for the project components are
as follows:

Component FRR ERR

Sawlog 6.4 % 15.5 %

Pulpwood Eldoret 2.4 % 21.7 %

Pulpwood Turbo 1.7 % 20.9 %
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brackets), and in related processing industries, as well as among both rural and urban USers 
of the final product. The project wguld provide continued employment of about 4 750 persoru 
over six years, although this would fall slightly to about 4 500 persons when the main 
planting programme is completed. However this decrease is expected to be offset by 
seoondary employment opportunities arising from expanding processing industries. 

39. As has been mentioned before, there is also a whole array of indirect effects 
generated by the project which are not quantifiable. One case in point relates to the 
substantial efforts carried out under the project to train local technicians, and the 
experience which will be acquired by local project staff during the implementation of the 
project which could then be favourably extended to other future afforestation programmes. 
The project will probably provide additional incentives for rural people and will help to 
distribute the population of Kenya more evenly. 

E. COl4'ARING CCSTS AND BENEFITS 

40. The financial and economic rates of return for each of these project components were 
estimated directly from the relevant financial cash and economic value flow tables. The 
financial and economic value streams differ only in what relates to: 

- wages, which in the economic analysis are assumed to be equal to 75 percent 
of financial values; 

foreign exchange rate, which in the economic analysis is equal to 130 percent of 
the financial value; 

stumpage values , which are higher in the economic analysis. 

41. The estimated financial and economic rates of return for the project components are 
as follows: 

CO!!'l2onent FRR ERR 

Sawlog 6.4 % 15.5 % 
Pulpwood Eldoret 2.4 % 21.7 % 
Pulpwood Turbo 1. '7 % 20.9 % 
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The relative importance of the shadow-priced variables in explaining the discrepancy
between financial and economic rates of return was tested (Table 15). The removal of the
shadow foreign exchange rate lowers each of the component's original ERR by about 1.0 to
1.4 percent. The removal of the shadow wage rate lowers each original ERR by about one-
half of 1 percent. The combined effect of removing simultaneously both the foreign
exchange and the wage shadow rates produces a drop of only about 2 percent in the original
ERRIs.

The sensitivity analysis shows that the major reason for the discrepancy between the
FRR and ERR is the value of the final output assumed. Thus, if the pulpwood unit economic
value is reduced from the original economic value of 475.8 Ksh/m3 to the very much lower
value of 70 Ksh/m3 - which is still more than double the price assumed in the financial
analysis - the ERR falls by about 12 percent.

For the sensitivity analysis, the sawlog component was split into its two main
elements: import substitution and export. Each was analysed separately as in reality
each could be implemented independently. The ERR for the output for import substitution
was 16.8 percent and for the export output was 8.2 percent. Further tests of the
financial and economic sensitivity of each are shown and discussed in Appendix 4.

- 7 -

42. The relative importance of the shadow-priced variables in explaining the discrepancy 
between financial and economic rates of return was tested (Table 15). The remova l of the 
shadow foreign exchange rate lowers each of the component's original ERR by about 1.0 to 
1.4 percent. The removal of the shadow .age rate lowers each original ERR by about one­
half of 1 percent. The combined 'effect of removing simultaneously both the foreign 
exchange and the wage shadow rates produces a drop of only about 2 percent in the original 
ERRls. 

43. The sensitivity analysis shows that the major reason for the discrepancy between the 
FRR and ERR is the value of the final output assumed. Thus, if the pulpwood unit economic 
value is reduced from the original economic value of 475.8 Ksh/m3 to the very much lower 
value of 70 Ksh/m3 - which is still more than double the price aseumed in the financial 
analysis - the ERR falls by about 12 percent. 

44. For the sensitivity analysis, the sawlog component was split into its t wo main 
elements: import substitution and export. Each was analysed separately as in reality 
each could be implemented independently. The ERR for the output for import ' substitution 
was 16.8 peroent and for the export output was 8.2 percent. Further tests of the 
financia l and economic sensitivity of each are shown and discussed in Appendix 4. 



KENYA II PLANTATION PaDJEt:T

Table 1, Existing and Projected Planting Areas

(ha)

Plantations
Established
as of 31.12.74

Plantin Pro amm

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 Total

Pulpwood 16 500 2 000 2 000 1 000 1 000 1 000 1 000 8000

Sawlogs 104 080 4 570 5 540 5 430 5 430 5 430 5 430 31 830

Total 120 580 6 570 7 540 6 430 6 430 6 430 6 430 39 830

Replanting 700 700 1 000 1 200 1 300 1 300 6 200

Total Planting
plus Replant-
ing

7 270 8 240 7 430 7 630 7 730 7 730 46. 030

Plant at ions 
Established 

KENYA II PLANTA'l'IOH PlUJ;;};T 

Table 1, Existing and Projeoted Planting Areas 

(hal 

Planting Programme 

as of 31.12.7<L ______ Year 0 Year 1 Year 2 Year 3 Year 4 Year 5 

Pulpwood 16 500 2 000 2 000 1 000 1 000 1 000 1 000 

Sawlogs 104 080 4 570 5 540 5 430 5 430 5 430 5 430 

Total 120 580 6 570 7 540 6 430 6 430 6 430 6 430 

Replanting 700 700 1000 1 200 1 300 1 300 

Total Planting 
plus Replant- 7 270 8 240 7 430 7 630 7 730 7 730 
ing 

Total 

8000 

31 830 

39 830 ex> 
I 

6 200 

46·030 
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KENYA II PLANTATION PROJECT

Table 2,Summary of Total Project Financial Costs
(Ksh million)

Local Foreign Total

Afforestat ion 120.1 15.3 117.4

Project Management

Administration 81.6 8.5 90.1

Building
Housing 32.9 3.9 36.8

Equipment 5.9 19.7 25.6

Studies and
Technical Assistance 6.1 11.1 17.2

Subtotal 239.4 66.5 305.9

Contingencies
Physical 2.3 2.9 5.2
Price 62.5 22.9 85.4

Subtotal 64.8 25.8 90.6

Total Project Cost 304.2 92.3 396.5

- 9 -

KENYA II PLANTA!l'mN P!I)J]X)!l' 

!l'able 2, Summary of !l'otal Pro.ieot Pinancial Costs 
(Ksh million) 

~ Poreign 

Afforestation 120.1 15·3 

Project Management 

Administration 81.6 8.5 
Building 
Housing 32.9 3.9 

Equipment 5.9 19.7 

Studies and 
!l'eohnical Assistanoe 6.1 11.1 

Sub-total 239.4 66·5 

Contingenoies 

Physioal 2.3 2.9 
Price 62.5 22.9 

Sub-tota.l 64.8 25.8 

!l'ota.l Projeot Cost 304.2 92.3 

~ 

117.4 

90.1 

36.8 

25.6 

17 .2 

305.9 

5·2 
85.4 

90.6 

396.5 



KENYA II PLANTATICN PROJECT

Tabla 3, Project Financial Coste (KSh '000)

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5
Local Foreign Total Local Foreign Total _Local FOTAiRA Total Local Foreign Total Local Foreign Total Local Foreign Total

AFFORESTATICN
Labour 16 058 - 16 058 16 160 - 16 160 15 448 - 15 448 15 604 _ 15 604 15 610 _ 15 610 15 645 15 645
Machine Operating Cost 48 113 161 47 109 156 34 80 114 16 38 54 7 18 25 8 18 26
Vehicle Operating Cost 992 2 314 3 306 992 2 315 3 307 992 2 314 3 306 992 2 315 3 307 992 2 314 3 306 992 2 315 3 307
Fertilizer & Toole 248 187 435 248 187 435 224 169 393 230 174 404 233 176 409 233 176 409

Sub-total 17 346 2 614 19 960 14 447 2 611 20 058 16 098 2 563 19 261 16 842 2 527 19 369 14 872 2 508 19 350 16 878 2 509 19 387
FORE= Maki

Road Construction:
Staff & Labour 1 063 - 1 063 1 064 - 1 064 1 063 _ 1 063 1 064 - 1 064 1 063 1 063 1 064 1 064
Machine Operating Cost 335 783 1 118 335 783 1 118 335 783 1 118 335 783 1 118 335 783 1 118 335 183 1 118
Workshop Running Cost 33 32 65 32 33 65 33 32 65 32 33 65 33 32 65 32 33 65
Tools & 1,Bscellaneous 11 11 22 11 11 22 11 11 22 11 11 22 11 11 22 11 11 22
Office Running Cost 35 8 43 35 8 43 35 8 43 35 8 43 35 8 43 35 8 43
Bridge & Culvert Material 122 30 152 121 31 152 122 30 152 121 -31 152 122 30 152 121 31 152

Road Maintenance 185 432 617 188 439 627 ___122 450 643 196 458 654 201 489 670 206 480 686

Sub-total 1 784 1 296 3 080 1 786 1 305 3 091 1 792 1 314 3 106 1 794 1 324 3 118 1 Boo 1 333 3 133 1 804 1 396 3 150
mRaTECT MANAGEMENT

Administration:
Staff & Labour 12 835 - 12 835 12 835 - 12 835 12 835 - 12 835 12 835 - 12 835 12 835 12 835 12 835 - 12 835
Office Running Cost 167 39 206 167 39 206 167 39 206 167 39 206 167 39 206 167 39 206
Vehicle Operating Cost 588 1 372 1 960 588 1 372 1 960 599 1 397 1 996 600 1 397 1 997 599 1 397 1 996 600 1 397 1 997

Building & Housing
Construction Material 4 124 815 4 939 2 927 578 3 505 2 927 578 3 505 1 109 219 1 328 1 108 219 1 327 1 109 219 1 328
Construction Labour 3 292 - 3 292 2 337 _ 2 331 2 337 - 2 337 885 - 885 885

-
885 885 - 885

Maintenance Material 253 206 459 252 207 459 253 206 459 252 207 459 253 206 459 252 207 459
Maintenance Labour 1 248 - 1 248 1 20 _ 1 248 1 248 _ 1 248 1 248 = 1 248 1 248 1 248 1 248 - 1 248\

Sub-total 22 507 2 432 24 939 20 354 2 196 22 550 20 366 2 220 22 586 17 096 1 862 18 958 17 095 1 861 18 956 17 096 1 862 18 958
MqUIFFTNT 1 541 6 136 7 677 920 3 234 4 154 925 3 358 4 283 950 3 189 4 139 781 1 893 2 674 782 1 893 2 675
STUDIES, TECHNICAL ASSISTANCE & TRIALs

Land Use & Catchment Study 353 1 628 1 981
-

786 786 786 786 786 786 786 786 785 (85
Socio-Economic Study 281 543 824 123 372 495
Technical Assistance:

Assistance to Sawmilling Industry 643 1 159 1 802 310 1 007 1 317 308 1 008 1 316 173 41 214 173 41 214 173 41 214
Training Sawmill 660 807 1 467 220 48 268 220 48 268 220 48 268 220 48 268 220 48 268

Coastal Trials:
Arabuko Sokoke 32 10 42 191 21 212 192 21 213 191 21 212 192 21 213 191 21 212
Boni & Lungi 256 78 334 83 19 102 120 24 144 121 28 149 121 28 149 121 28 149

Sub-total 2 225 4 225 6 450 927 2 253 3 180 840 1 887 2 727 705 924 1 629 706 924 1 630 705 924 1 629

TCTAL 45 403 16 703 62 106 41 434 11 599 53 033 40 621 11 342 51 963 37 387 9 826 47 213 37 224 8 519 45 743 37 265 8 534 45 799
.===== ...... ...... ...... ...... ....... MUM.

CONTINGENCIES
Physical Contingencies 101 899 1 600 438 467 906 439 480 919 259 428 687 242 298 540 242 298 540
Price Escalation 1 198 1 60 2 838 5 298 2 525 823 _9 103 3 701 12 804 11 715 4 338 16 043 15 685 4 837 20 522 19 525 5 866 25 391

Sub-total 1 899 2 539 4 438 5 736 2 992 8 128 9 542 4 181 13 723 11 974 4 756 16 730 15 927 5 135 21 062 19 767 6 164 25 931

TCTAL PROJECP COST 47 302 1) 242 66 544 di 170 14 591 1 7 50 1.3 15 523 65 b 49 361 14 5 2 3 943 51 151 13 54 5 57 032 14 91 71 730
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Single Cost

(pulpwood only)

KENYA Er PIANTATICH PROJECT

Table 4, Summary of Unweighted Non-Silvicultural Costs and
Salvage Benefits for Both Sawlog and Pulpwood Plantations

Year 24 tu for sawloge only. Por pulpwood the ending year in year 16.

g/ Year 25 is for sawloga only. For pulpwood the year in year 15.

1/ Columna 1 and 7 are yearly amounts for the total completed plantation area (160 000 ha) or for the total six-year project area (39 830 ha).

Columns 3 and 9 give the relevant arcas. Per h.ctare average costs (colunns 4 and lo) are the reeult of dividing column 1 by column 3, and

column 7 by column 9, respectively. In the economic analyses, foreign exchange in shadow priced at 130% of the official exchange rate.

Columna 5 and 11 indicate the foreign exchange components of each non-silvicultural cost, and columns 6 and 12 give single and annual

amounts, respectively, when foreign .xchange has been weighted at 130%.

130% Shadow
P.E. Ante (REb/ha)

Amouna

Annual Cost

Total Amount per haForeign
Amount por ha Amaunt Exchange ,)mount per ha 130% Shadow FE Rate

(KSh/ha)

(8) (9)(6)
Year (=l ha)

(t) component

22.013

13% Shadow Sawlog Pulpwood

( o)
M) P.P. Rate

(12) (13) (14)Vehicle-EquipmentRunning - - - - - 301 702 -2/241/ 160 37.713 70 5.6
- 135 465 -2/241", 160 100

1529342:0359; 737154..2.16211

5.053

66.039 - - ,

- 22 000 -2/241/ 160 75 3.369 90:963 57.273- - - - - -
2:750

-
4

-

232.961 - - ,

92:.846

89 100 -2/24// 160 11.138 10

3732

57 691 -2/241/ 160 7.211 10 1.428 200.556 126.276
309.144 195.024

- - - - - _ _

423.368 _ - - - -
- - -2/;41/ - 6.417 6o 7.512

1::::::

- - - - - - _ _

189.300 113.580- - - - _

- 594 140 -2/2414 160 74.268
44 825 -2/241/ 160 5.603 10 5.711

5;:g 1300.43210 76.496 276
98.107

66.039
5.053

151.087

174.383

Item Yew,- (,000 ha) (Kahjha)
Amouna Area Per ha

Amount

ti (2) (3) (4)
Vehicle-Equipment Purchase - - - -

Vehicle-Equipment Inherited 406 395 -2 160
Tools-Stores - - -

50.799
-

Tools-Stores Inherited 33 000 -2 160
Building Construction 1 809 406 -2 I6o 22t156
Building Faintenance - - - -
Building Replacement - - - -

Building Inherited 121 136 -2 160 90.142
Road Construction-capital 202 620 -1 39.830 101.742
Road Construction-operating 1'e8 920 -1 6.638 388.411
Road Mlintenance - - - -
Road Equipment Inherited 141 625 -1 39.530 71,115
Staff Requirements - - - -

Office Running - -

Vehicle-Equipment Salvage 406 395 25g 160 50.799
Tools-Stores Salvage 33 000 2544 160 4.125
Buildings salvage
(sawlogs only)

1 1/3 488 254/ 160 146.686

Buildings salvage i 354 428 25 160 169.304

Foreign
Exchange
Component

Ob)
(5)
-
-

1oo
-
'2
-
10

loo
30
-

loo

100

75
lo

lo
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Si node Coal Anl"lJAl Coet 
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H_ 
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St~rr Requirements 
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Buildingu oalvl\ge 

(oavloge only) 
Bul1dinss aa l vage 

(pulpwood only) 
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609 406 

'/21 1)6 
202 620 
lc8 ~20 

14' 625 
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17J 488 

J54 428 

_ 2 

- 2 -. 
- 2 -, -, 
-, 

'531 .W, 
25Y 
25 

.or h& COlIIponent 

"" ha 
4 5 

'60 50.799 '00 

'60 4.125 75 
'60 226.176 '0 

'60 90.142 '0 
39.8)0 101.142 ,()() 
6.6)8 )88.411 30 

39. S)O 71.115 '00 

'60 50.199 ,()() 

'60 4. 125 75 
'60 146.686 '0 

'60 169.)04 '0 

21 Yoar 24 to for savl oge only. ~or pulpwood the emin,g yea.r is year 16. 

Yea.r 25 i9 for oawl ogo only. For pulpwood the year is year 15. 

1)~ Shadow 
' T.E. ute "" 

66.039 

5. 053 
232.961 

92.846 
132.265 
42).)68 

92.449 

66.039 
5.053 

15
'
.061 

174.38) 

Mrloont,)/ 
AlIIOUni ., .. 

ba XL Year ' 000 ha 
9 

135 465 -./~ '60 16.933 
301 102 - 2/ ' ' 60 37.113 

•• 000 -2/Y.Y '60 2.150 

-./Y.Y. 89 100 '60 11.138 
51 691 -2/24Y '60 1.211 

-2/y'y 6.411 

-./~1j 594 140 '60 14.268 
44825 -2/24Y '60 5.603 

y 
¥ Columna I and 1 are yearly amaunte for the total c~pleted plantation are~ (160 000 hal or Cor the total six-year project area (J9 8)0 hal. 

Columna) and 9 give the relevant arena. Per h~ctare average coata (colunna 4 and 10) are the reault oC dividing column I by column J, and 
column 1 by column 9, r~sp.,ctively. I n the economic &nalyues, foreign exchange is shadow priced at 13~ of the officia l exchange rate . 
Columns 5 and 11 indi ca te th~ foreign exchange components of each non-ailvicultura l coat, and columna 6 and 12 g1v~ single and annual 
amollnts, rospectively, ..men foreign .. xchange haa been weighted a.t 13~. 

,()() 

70 

75 

'0 
'0 

60 

' 0 
10 

Total Amount pP.r htL 
1l~ Shadow P.E. Rate 
Sawl og Pulpwood 
I<S 1m 

'3 '4 
22.013 594 .35 1 3'f4 .?21 
45 .633 12)2.09' Tt5. 'f6 1 

3.369 90.963 5'f .273 

11.412 3(1). 'fci4 195 .024 
7.4-28 200.556 176.2'(6 

7.512 189.)00 l1 J.580 ::: 

76.496 2065 . 39' 1300.432 
5. Ttl 155.81', 98 •101 
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Table 5, Tearly Unskilled Silvicultural Labour Requirements

proporti on

of total
plantation weighted
area total cost

(%) factor
Total 0o-nite

-2 -1 0 1 2 3 4 5 6 7 8 9 10

MLR

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 Total

average
annual
man days
per ha

laboar Required

37.7 - 16,62 0.22 27.22 0,22 12.22 7.22 12.22 0.22 12.22 0.22 12.72 0.22 '0.22 0.22 0.22 0.72 0.22 0.22 0.22 0.22 0.22 0,22 0.22 0.22 002 - 142.6 5.281Sawlog
Pulpwood
Fldoret 37.7 - 16.62 0.22 15.22 0.22 0.22 0.22 0.22 0.72 0.22 0.22 0.22 0.22 0.22 0.22 0,22 72.4 4.259

Pulpwood
Turbo 37.7 25.02 7.22 7.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 19.8 4.929

Yearly Proportion
of Total On-site
labour (%)

S8w] og 26.44 - 11,65 005 1949 0.15 8.57 5.06 8.57 0.15 8.57 0.15 8.92 0.15 0.15 0.15 0.15 0.15 0.15 0.15 005 005 0.15 0.15 0.15 0.15 0.15 - 99.92
Pulpwood -
Eldoret 52.07 - 22.96 0.30 21.02 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 - 99.95

Pulpwood -
Turbo 41.24 - 31.35 9.05 9.05 0.28 0.28 0,28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 - 100.05

84.727 1.0203

7.637 0.8750

7.637 0.95 23

Total On-site 

Labour R;;t r ed 
(_n da s haL 

Sawlog 
Pu lpwood -

E)dore\ 
Pulpwooo -

Tu r bo 

Yearlx Proportion 
of Total On-si \e 
Labo-.Ir (<J,) 

SawJog 
Pulpwood -

Eldoret 
Pulpwood -
Turbo 

IDIU n PUJI'l'.1'l'Y(JJ PROJECT 

Table 5, Tear17 UMkUled. snvtauUurd lAbour Requirelllenh 

Y!:AR 

- 2 _1 o 2 3 4 5 • , 
9 10 " 12 13 14 15 ,. 

17 " 19 20 21 22 23 24 25 Total 

3'/. '/ 

3'1 . 1 

31.1 

26.44 

52.01 

4(. 24 

- 16.62 0. 2? 21. ?2 o. n 12. 22 1.22 12.22 0.72 12,22 0.2212.12 0.12 '0.220.220.2<' 0 . 12 0.22 0.22 0.22 0.22 0. 22 0.22 0.22 0.22 0. :?2 - 142.6 

- 16.620.22 '5.220.22 0.220.22 0. 220. 22 0.22 0.22 0.220.22 0.220.220.22 -

- 25 .0? 1. 2'1 1. 22 0.22 0.220.22 0.220.72 0.220.22 0.220.2? 0. 220.22 0. 22 -

- 11.650.15 ' 9. 0<} 0.15 8.51 5.06 8.51 0.15 8 .51 0.15 8 . 920,'5 0.150.15 0. 15 0. ' 5 0.'5 0.15 0.15 0. 15 0.15 0.15 0.15 0.'5 0.15 

- 22.960.3021.02 0.30 0.30 0.)0 0.)00.30 0. 30 0.30 00300.)0 0.30 0030 0.30 -

- 31.35 9. 05 9.05 0.28 0. 28 0.28 0.28 0.26 0 .28 0.28 0.26 0.28 0.28 0.28 0.28 -

-

12.4 

(9 . 8 

99 . 92 

99.95 

100.05 

average 
annual 
rlan days 
per ba 

5 . 28 1 

4.'59 

4. 929 

proporti on 
of 1.0tal 
plan1.aUon Mc1gh1.~ 

area 
(~) 

84 . 121 

1.63'{ 

1. 63'( 

t otal coot 
fa ctor 

1.0?O3 

0.8150 

0. 9523 
h' 
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Table 6, Summary of Weighted Non-Silvicultural Costa and
Salvage Benefits for Both Sawlog and Pulpwood Plantations

Pulpwood -

Unweighted Total

Sh=tF:E:3Rilte
(KSh/ha) Weight

0.8750
7-15.161 0.8750

7595!..1:6;4116

0.8750

555.633
113.580

)2.449
1300.432
98.107
66.039
5.053

174.383

.41

1:7i.64;1

0.8750

162

0.8750

(0)00%12515145:

0.8750

11.

0.8750

81.240

)2.449
g:M(0) 1137.878

85.844
0.8750

50.8750 157a
0.8750

AC annual cost; SC . single coat; SB - single benefit

2/ "d" meana that an annual coat is distributed from years minus 2 through 24 for sawlogs (through 14 for pulpwood) according to the
proportion of total man days of unakilled ailvicultural labour used.

2/ Road costs are unweighted since they are aseumed to be equal for all hectares.

4/ Year 24 is the ending year for sawlogs only. For pulpwood the ending year is 14. This annual cost is not distributed according to
silvicultural labour distribution. rt is equally distributed over the rotation, beginning in year 0, which amounta to KSh 7.6
per hectare per year.

5/ Year 25 for aawlogs only. Year 15 for pulpwood.

374.221 0.9523 356.371
775.761 0.9523 738.757
66.039 0.9523 62.889
57.273 0.9523 54.541
5.053 0.9523 4.812

232.961 0.9523 221.849
195.024 0.9523 185.721
126.276 0,9523 120.253
92.846

555.633
113.580
92.449

0.9523
1.00003./

1.00003./

1.0000Y

88.417

555.633
113.580

92.449
1300.432 0.9523 1238.401
98.107 0.9523 93,427
66.039 0.9523 62.889
5.053 0.9523 4.812

1(4.383 0.9523 166.065

Coat or Benefit
Type of ,

Cost/Benefit-1/ Year(s)

Unwelghted Total
Amount - 130%
Shadow F.E. Rate
(KSh/ha)

Sawloga

Weighted Total
Amount - 130%

Shadow F.E. Rate
(KSh/ha)Weight

Vehicle-Equipment Purchase AC d 594.351 1.0203 606.416

Vehicle-Equipment Running AC d 1232.091 1.0203 1257.102

Vehicle-Equipment Inherited SC -2 66.039 1.0203 67.380

Tools-Stores AC d 90.963 1.0203 92.810

Tools-Stores Inherited SC -2 5.053 1.0203 5.156

Building Conatruction SC -2 232.961 1.0203 237.690
Building 14aintenance AC d 309.744 1.0203 316.032

Building Replacement AC d 200.556 1.0203 204.627
Building-Inherited SC -2 92.846 1.0203 94.731
Road Construction SC -1, 555.633 1.00004/ 555.633
Road Maintenance AC 0/24 189.300 1,00007/, 189.300

Road Eplipment inherited SC -1 92.449 1.0c00// 92.449
Staff Requirements AC d 2065.392 1.0203 2107.319

Office Running AC el..., 155.817 1.0203 158.980

Vehicle-Equipment Salvage 313 25/2 66.039 1.0203 67.380
Tools-Stores Salvage SB 252/ 5.053 1.0203 5.156

Buildings Salvage SB 252/ 151.087 1.0203 154.154

Eldoret Pulpwood - Turbo

Weighted Total Unweighted Total Weighted Total
Amount - 130% Amount - 130 % Amount - 130%

Shadow F.E. Rate Shadow F.C. Rate Shadow F. C. Rate
(KSh/ha) (KSh/ha) Weight (KSh/ha)

Sawl op 

Unwei ghted Total 
A.mount - 130,( 

Type of y Shadow F.E. Rate 
Coo t or Beneft t CostLaenefit Year (s} (KS!!Lha ) We1B!!t 

Vehi.cle-EtJUipment purchaoe AC d?J 594.35' 1.0203 
Vehic l c-f;quipment Runnlng AC d 1232.09 1 1.0203 
Vehi cle-F'..quipment Inhe rit ed SC - 2 66.039 '.0203 
Toob-Stores AC d 90. 963 1.020) 
Toolo-$tores Inheri ted SC - 2 5· 053 1.0203 
Duilding Constructi on SC - 2 232. 961 1.0203 
Building ~:ai nteMnce AC d 309. 744 1. 0203 
JlII U di"8 Rep lacement AC d 200 .556 1.0203 
Btd ldt ng-Illheri ted SC -2 9 "'.846 1.0203¥ 
Road Construct.\on SC - I 555.6)3 ,.~ 
~ot\d ~'nlntenanco 'C 0/2<,1/ 189.300 '. 
Road ~uipment Tnhe ri ted SC - I 92.449 1.0000)/ 
~ tatf Requirements AC d 2065.392 1.0203 
Ort'i ce Runni ng 'C ~)/ 155 . 817 1.0203 
Vehi c le-EGuipment Salvage SB 66.039 1.0203 
Tools-Storos Sa l vagp. SD ~~ 5. 053 1.0"'0) 
antldings SalvagA SB 15 1.081 1.020) 

21 AC · annual coot ; SC • single coat ; sa • single benefit 

KDm. n P UN'l'iTI (If PH 01 fCl' 

Tabl e 6, S~y ot Weigbled Non-Si lvicultural Coele a nd 
Salvage Benetita tor Botb Sawl og and Pul pwood Planlalions 

Pulpwood - Eldoret 

Weighted Total Unweighted Total Weighted Total 
Amount - 130,( Alllount - 13~ Amount - 13<>;' 

Shadow F.E. Rate Shadow F.E. Rate Shadow F. E. Rate 
( KS!!Lha) (KS!:iha } Wei,s!!t (XS!iha} 

606.4 16 374.221 0 . 8750 327.443 
1257. 102 115. ]61 0.8750 678.79 ' 

61.360 66.039 0 . 8750 51.764 
92.810 57.273 0.6750 50.114 
5. 156 5.053 0.8750 4.421 

237 . 690 232.961 0.6750 203 . /341 
316.032 195 . 024 0.6750 170.646 
204 . 627 126.276 0.6750 110.492 
94.Hl 92.646 0.8750 81.240 

555.633 555.633 1.0000)/ 555 . 633 
189.300 11.3.580 I.oooo~ 113 . 580 
92. 449 92 .449 1.00003 92.449 

2107.)19 1)00.432 0.6750 1137 . 878 
158.980 98 . 107 0. 6750 65.644 
61.360 66.039 0.6750 51.764 
5. ' 56 5. 053 0 . 8750 4.421 

154.154 174. 383 0.6750 152.585 

?J "d" m~ana that an annual CMt 18 distributed from years nlirrus 2 t.hrough 24 for Bawlogs (throush 14 tor pulpwood) according to the 
proporti on of t ot.al man days of unakilled silvicu l turel labour uoed. 

11 Read costa are unweighted since they a r e assumed to be equa l tor all hectarea. 

V Year 24 1s the endi ng year fo r sswl oga only. For pulpwood the ending year ia '4. This annual cost ia not distri but ed according to 
silvicultural labour distribution. It io equa l ly distributed over the rotation, beginning in year 0, Nhi ch amount s to KSh 7.6 
per hectare per year. 

21 Year 2S for sBwloge only. Year 15 for pu l pwood . 

Pulpwood - Turbo 

Unweighhd Total Wei,!hted Total 
All'lount - 130 'f. Alllount - 13o.t 

Shadow P.r.. Rate Shadow F . E. Rate 
!KS!:!lha) Weis!!t ( KS!!Lha) 

374.221 0. 9523 356,)"11 
H5./61 0.9523 BB.-f51 
66.039 0.9523 62.889 
5.,.273 0.9523 54·541 
5.053 0.9523 4.812 

232.961 0.952) 221.849 
195.024 0.9523 165.721 
126.276 0 . 9523 120.253 
92.646 0.9523y 88.4 17 

555.633 1.0000 555.63) 
113.580 I.~ 113.580 
92.449 I. 92.449 

1300.432 0 . 9523 1238 .401 
98.107 0.9523 93.427 
66 .039 0.9523 62.889 

5.053 0.9523 4.812 
1"(4.383 0.9523 166.065 
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Table 7, Physical output per hectare (m3)

Year Sawnwood Pulpwood

10 35

15 30 225

25 360

KENYA II PLANTATICN PRCJECT

Table 8, Output Unit Values

Sawnwpd Conversion Stumpage Economic
Ksh/m' Factor Financial Price Unit V.*lue

Ksh/m3 Ksh/m-)

Sawlogs

See Appendix 1 for further details

1st Thinning 166.67 0.30 50.00 255

2nd Thinning 166.67 0.35 58.33 297

Harvest 166.67 0.42 70.00 351

Pulpwood 30.00 475.8

Sawlogs 

Sawlogs 

1st Thinning 

2nd Thinning 

Harvest 

Pulpwood 

10 

15 
25 
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Table 7. Physical output per hectare (m3) 

Sawnwood 

35 
30 

360 

KENYA II PLANTATICN PRWECT 

Table 8. Output Unit Values 

Pulpwood 

225 

Conversion Stumpage 
Factor Financial Price 

KSh/m3 

166.67 0.30 50.00 
166.67 0.35 58.33 
166.67 0.42 70.00 

30.00 

See Appendix 1 for further details 

Economic 
Unit V~lue 

Ksh/m 

255 
297 
357 
475.8 
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Table 13. Eoonomic Value Plow - Pulpwood Component - Eldoret Division 
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KENYA TI PLANTATICN PRCgECT

Table 15, Sensitivity Analysis

See Appendix 2 for further details

Assumption Set
Sawlog
ERR (%)

Pulpwood Eldoret
ERR(%)

Pulpwood Turbo
ERR(%)

1. Original assumptions 15.5 21.7 20.9

2. No shadow foreign exchange
rate 14.4 20.3 19.5

3. No shadow wage rate 15.1 21.1 20.4

40 Combination of 2. and 3. 13.9 19.7 18.9

5. Pulpwood price of Ksh70/m3 9.8 9.0

60 Sawnw)od import aubstitution
element 16.8

70 Sawnwood export element 8.2

8. No shadow prices 6.4 2.4 1.7

- 21 -

KENYA II PWlTATICN PRQJECT 

Table 15, Sensitivity Analysis 

Assumption Set Sawlog Pulpwood Eldoret Pulpwood Turbo 
ERR (%) ERR(%) ERR(%) 

1. Original assumptions 15.5 21.7 20.9 

2. No shadow foreign exchange 
rate 14.4 20.3 19·5 

3. No shado., ~Iage rate 15. 1 21.1 20.4 

4. Combination of 2. and 3. 13.9 19.7 18.9 

5. Pulpwood price of Ksh70/m3 9.8 9.0 

6. Sawnwlod import substitution 
element 16.8 

1. Sawnwood export element 8.2 

8. No shadow prices 6.4 2.4 1.7 

See Appendix 2 for further details 



Vehicles and Equipment Running Costs

2. The total anrual vehicle and equipment running cost for the entire plantation
programme is KL 301 702 (see Table 1 in this appendix), which is KSh 37.7 per hectare.
The foreign exchange component for running cost is 70 percent.

- 23 -

APPENDIX 1

PROJECT CCSTS

A. Non-silvicultural physical inputs and costs

Vehicle and Equipment Purchase Costs

1/ Stationary engines have a useful life of 12 years. Therefore, only half of the
required number were entered in this table.

1. Vehicles and equipment are assumed to have a six year useful life. A list of the
total number of required vehicles and equipment for the entire plantation programme is
presented below. It is assumed that equal expenditures for replacements are made each
year beginning in the year of planting. This input is composed entirely of foreign
exchange.

Number Unit Cost Total Cost
Item Required (EL) (KL)

Saloon car 1 2 650 2 650

Station wagon 1 2 450 2 450
Land Rovers 100 2 650 265 000

5-ton lorries 65 3 500 227 500

3-ton lorries 40 2 900 116 000

60-65 hp tractors 10 2 650 26 500
85 hp tractors 8 4 150 33 200

Stationary engines 6o' 650 39 000

Pire trucks 4 5 300 21 200

Portable water pumps 12 450 5 400

Sub-totals 738 900
10 percent physical contingency 73 890

Total cost (6-year period) 812 790
Total annual cost 135 465

Annual cost per hectare 0.8467
(assuming 160 000 hectares) (KSh 16.9)
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APPENDIX 1 

PRarEOl' CCllTS 

A. Non-silvicultural physical inputs and costs 

Vehicle and Equipment Purchase Costs 

1. Vehicles and equipment are assumed to have a six year useful life. A list of the 
total number of required vehicles and equipment for the entire plantation programme is 
presented below. It is assumed that equal eXpenditures for replacements are made each 
year beginning in the year of planting. This input is composed entirely of foreign 
exchange. 

Item 

Saloon car 

Station "lagon 

Land Rovers 

5-ton lorries 

3-ton lorries 

60-65 hp tractors 

85 hp tractors 

stationary engines 

Fire trucks 

Portable water pumps 

Sub-totals 

Number 
Required 

100 

65 

40 

10 

8 

60 11 
4 

12 

10 percent physical contingency 

Total cost (6-year period) 

Total annual cost 

Annual cost per hectare 
(assuming 160 000 hectares) 

Vehicles and Equipment Running Costs 

Unit Cost Total Cost 
(KL) (KL) 

2 650 2 650 

2 450 2 450 

2 650 265 000 

3 500 227 500 

2 900 116000 

2 650 26 500 

4 150 33 200 

650 39 000 

5 300 21 200 

450 5 400 

738900 

73 890 

812 790 

135 465 

0.8467 
(KSh 16.9) 

2. The total annual vehicle and equipment running cost for the entire plantation 
programme is KL 301 702 (see Table 1 in this appendix), \-ildch is KSh Ji.7 per hectare. 
The foreign exchange component for running cost is 70 percent. 

11 Statiol~ry engines have a useful life of 12 years. Therefore, only half of the 
required number were entered in this table. 



Tools and Stores Costs

Tools and stores costs consist of maintenance and replacement of walkie talkie and
VHF radios, uniforms for staff, hand tools and miscellaneous items. The annual cost of
the above for the entire plantation programme is KL 22 000 (including a 10 percent
physical contingency), which is KSh 2.8 per hectare. The foreign exchange component is
75 percent.

Building Construction Cost

It is assumed that one project headquarters office, one new divisional office, four
new full accounting stations and 12 substations will be constructed during the project
period (1975-1980). Itemized costs for each are presented in Table 2 of this appendix.

50 In addition, some existing staff housing, buildings and water supplies will require
replacing. The Department has commenced a programme for the replacement of forest work-
men's houses, presently made from mud and wattle, with improved houses. So far about
20 percent of the housing has been replaced; the remainder are being replaced over a ten
year period and the project would provide for the replacement of some 3 100 forest
workmen's houses phased over the six year period. This would be in addition to some
2 000 new workmen's houses to be constructed in the new stations and substations. The
house building programme will be undertaken by the Forest Department using direct labour;
costs are based on present day experience.

The proposal is to provide during the project disbursement period (1975-1980), an
improved house for all permanent forestry workers (working on existing stations and sub-
-stations) required beyond 1980, i.e., 5 500 forestry families.

It is further assumed that building costs associated with each hectare are incurred
in the year preceding the planting of that hectare. The foreign exchange component is 10

(KSh 226.2/hectare)

percent. Total building costs are obtained from the following:

New Stations Total (KL)

Project Headquarters, Office Block Nairobi 13 650

New Division, Nabkoi 14 795

New Forest Stations (4 at KL 23 150) 92 600

New Forest SubStations (12 at KL 20 250) 243 000

New Forest Workers' Houses for New Stations
(2 031 at KL 210) 426 510

Subtotal (New Stations) 790 555
itxisting Stations

Replacement of Existing Forest Workers' Houses
3 116 at KL 210 654 360

Replacement of and Additions to Existing Staff
Housing and Buildings 200 000

Subtotal (EXisting Stations) 854 360

Subtotal Building Cost 1 644 915

10% Physical Contingency 164 491

Total Building Cost 1 809 406
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Tools and stores Costs 

3. Tools and stores costs consist of maintenance and replacement of walkie talkie and 
VHF radios, uniforms for staff, hand tools and miscellaneous items. The annual cost of 
the above for the entire plantation programme is KL 22 000 (including a 10 percent 
physical contingency), which is KSh 2.8 per hectare. The foreign exchange component is 
75 percent. 

Building Construction Cost 

4. It is assumed 
new full accounti ng 
period (1 975-1980 ). 

that one project headquarters office, one new divisional office, four 
stations and 12 sub-stations wi 11 be constructed during the proj ect 

Itemized costs for each are presented in Table 2 of this appendix. 

5. In addition, some existing staff housing, buildings and water supplies will require 
replacing. The Department has commenced a programme for the replacement of forest work­
menls houses, presently made from mud and wattle, with improved houses. So tar about 
20 percent of the housing has been replaced; the remainder are being replaced over a ten 
year period and the project would provide for the replacement of some 3 100 forest 
"lOrkmenl s houses phased over the six year period. This would be in addition to some 
2 000 neW workmen l B houses to 'Oe constructed in the new stations and sub-stations. The 
house building pr ogramme will be undertaken by the Forest Department using direct labour; 
costs are based on present day experience. 

6. The proposal is to provide during the proj ect disbursement period (1975-1980), an 
improved house for all permanent forestry workers (working on existing stations and sub­

'stations) required beyond 1980, i.e., 5 500 forestry families. 

'{. It is further assumed that building costs associated with each hectare are incurred 
in the year preceding the planting of that hectare. The foreign exchange component is 10 
percent. Total building costs are obtained from the following, 

New Stations 

Project Headquarters, Office Block Nairobi 

New Division, Nabkoi 

New Forest Stations (4 at KL 23 150) 

New Forest Sub-Stations (12 at KL 20 250 ) 

New Forest Workers' Houses for New Stations 
(2 03 1 at KL 210) 

Sub-total (New Stations) 

Existing Stations 

Replacement of Existi ng Forest Workera' Houses 
3 116 at KL 210 

Replacement of and Additions to Existing Staff 
Housing and Buildings 

Total (KL) 

13 650 

14195 

92 600 

243 000 

426 510 

790 555 

654 360 

200 000 

Sub-total (Existing Stations) 

Sub-total Building Cost 

854 360 

644 915 

164 491 10% Physical Contingency 

Total Building Cost 1 809 406 

(KSh 226.g(hectare) 
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Building Maintenance Cost

8. Maintenance of existing buildings (see Table 3 in this appendix) and new (project)
buildings will be carried out by the Forestry Department with maintenance teams located
in the main stations. The foreign exchange component is 10 percent. Maintenance
requirements consist of 60 teams of the following:

1 Mason

1 Carpenter

3 Labourers

Materials

Total Annual Cost of 60 Teams

KL/year

250

250

540

310

Subtotal team cost 1 350

10% Physical Contingency 135

Total team cost 1 485

89 100

(KBh 11.1/hectare)

Road Construction cost

At the beginning of the project (1975) there was one Forest Department road unit.
Under this project two road units will be formed, one West of the Rift and the other East
of the Rift. New road construction for both units is summarized below.

km/year

Primary and secondary roads for new plantations to
be established during project period 60

Plantation tracks 100

Service road construction to new stations and
upgrading some existing roads 20

Total 180

The total amount of equipment required for both units is shown in Table.4 in this
appendix. In addition, KL 3 000 per unit is required for site offices/workshops ard
housing. Road constrUction capital costs (equipment plus office/workshop and housing
construction) associated with each hectare are assumed to occur in the year preceding tho
planting of that hectare. Road construction capital costs are composed entirely of
foreign exchange.

Road construction operating costs consist of (1) machinery operating costs (summarized
in Table 5 of this appendix), (2) bridge and culvert construction costs of KL 3 500 per
unit, (3) staff and labour (summarized in Taole 6 of this appendix), and (4) miscellaneous
items. The foreign exchange component equals 30 percent for road cons/ruction operating
costs.

- 25-

Building Maintenance Cost 

8. ~Bintenance of existing buildings (see Table 3 in this appendix) and new (proj~ct) 
buildings will be carried out by the Forestry Department with maintenance teams located 
in the main stations. The foreign exchange component is 10 percent. Maintenance 
requirements consist of 60 teams of the following: 

r.Bson 

Carpenter 

3 Labourers 

~laterials 

Total Annual Cost of 60 Teams 

Road Construction Cost 

Sub-total team cost 

KI/year 

250 

250 

540 

310 

1 350 

10% Physical Contingency 135 

1 485 
8) 100 

(KSh 11.1!hectare) 

Total t eam cost 

9. At the beginning of the project (1975) .there was one Forest Department road unit. 
Under this project two road units will be f ormed, one 'Iest of tho Rift and the other East 
of the Rift. New road construction for both units is summarized below. 

Primary and secondary reads for new plantations to 
be established during project period 

Plantation tracks 

Service road construction to neW stations and 
upgrading some existing roads 

60 

100 

20 

Total 180 

The total amount of equipment required for both units is sho>m in Table.4 in this 

• 

appendix. In addi tion, KL 3 000 per unit is required for site offices/\<[orkshops and 
housing. Road construction capital costs (equipment plus office/workshop a)1d hous ine 
construction) associated with each hectare are assumed t ,,) occur in the y'?ar preceding the 
planting of that hectare. Road construction capital costs are ·composed entirely of 
foreign exchange. 

/' 

10. Road construction operating costs consist of (1) machinery operating costs (summarized 
in Table 5 of this appendix), (2) bridge and culvert· construction costs of KL 3 500 per 
unit, (3) staff and labour (summarized in TaDle 6 of this appendix), and (4) misce llaneous 
items. The foreign exchange component equals 30 percent for road construction operating 
costs. 

• 



Costs are summarized below.

Capital Costs

Equipment

Buildings

Sub-total

10% Physical Contingency

Total

Total Per Hectare
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Total Road Construction Cost KSh 490.2/ha

Road Iaintenance Cost

Annual road maintenance operating cost per hectare is calaulated as follows:

(Average Road Density) x (Machine Hours Required) x (Cost per Machine Hour)

. (.045 km/ha x (1.6 hr/km) x (KSh 50/hr) + 10%

= KSh 3.6/ha + 10% physical contingency = KSh 3.96

Capital road maintenance cost is based upon the assumptions that 8 graders are needed
and each grader has a useful life of 7 years, Which means that an average of 8/7 graders
must be purchased (replaced) each year. Each grader costs KL 17 200 (including 10 percent

physical contingency). Therefore, the annual capital cost per hectare is:

8/7 (KL 17 200) / (160 000)

= KL 0.12 = KSh 2.46

Total Road Maintenance Cost Per Hectare Per Year = KSh (3.96 + 2.46) = KSh 6.4. The
foreign exchange component is 60 percent.

KL 178 200

6 000

184 200

18 420

202 620

KSh 101.742

(at 39 830 "new hectares)

KL/year

Machine operating costs 54 690
Bridge and culvert materials 7 000
Staff and labour 49 510
Workshop running 3 000
Tools and miscellaneous stores 1 000
Office expenses, supervision, vehicle
running costs, administration, etc. 2 000

Sub-total 117 200

10% Physical Contingency 11 720

Total 128 920
(per hectare, at 6638.33 ha/year) (KSh 388.41)

11. Costs are summarized below. 

Capi tal Co.sts 

Equipment 

Buildings 

Sub-total 

10% Physical Contingency 

Total 

Total Per Hectare 

Operating Costs 

l{achine operating costs 
Bridge and culvert materials 
Staff and labour 
I'lorkshop running 
Tools and miscellaneous stores 
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Office expenses, supervision, vehicle 
running costs, administration, etc. 

Sub-total 

1ryp Physical Contingency 

Total 
(per hectare, at 6638.33 ha/year) 

Total Road Construction Cost 
c 

Road r,aintenance Coat 

KL 178 200 

6 000 

184 200 

18 420 

202 620 

KSh 101.742 

(at 39 830 "new hectares) 

KLjyear 

54 690 
7 000 

49 510 
3000 
1 000 

2 000 

117 200 

11 720 

128 920 
(KSh 388.41) 

KSh 490.2/ha 

12. Amrual road maintenance operating cost per hectare is calculated as fo11O\;s: 

(Average Road Density) x (~achine Hours Required) x (Cost per Vachine Hour) 

= (.045 km(ha x (1.6 hr/km) x (KSh 50/hr) + 10% 

KSh 3.6/ha + 10% physical contingency = KSh 3.96 

13. Capital road maintenance cost is based upon the assumptions that 8 graders are needed 
and each grader has a useful life of 7 years, which means that an average of 8/7 graders 
must be purchased (replaced) each year. Each grader costs KL 17 200 (including 10 percent 
physical contingency). Therefore, the annual capital cost per hectare is: 

8/7 (KL 17 200) / (160 000) 

= KL 0.12 = KSh 2.46 

Total Road raintenance Cost Per Hectare Per Year = KSh (3.96 + 2.46) KSh 6.4. The 
foreign exchange component is 90 percent. 

• 



Staff Requirement Costs

14. Annual staff salaries for the entire plantation programme are itemized in Table 7
of this appendix. Ten percent is composed of foreign exchange. A summary by management
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The total annual cost of KL 594 140 is KSh 74.3 per hectare.

Office Running Costs

15. Office running costs are composed of general office expenses of KL 8 825 annually,
summarized below, and annual station upkeep of KL 360 for each (100) stations. Ten
percent is composed of foreign exchange.

General office expenses KL/year

Project Headquarters 1 000
Conservancies (KL 300 x 3) 900
Divisions (KL 200 x 4) 2 800
Forest Stations (KL 50 x 59) 2 950
Substations (KL 25 x 47) 1 175

Station upkeep

Total Annual Office Running Cost

B, Silvicultural physical inputs and costs

16. The afforestation programme will include nurseries, land clearing and preparation,
planting and replanting,surveying, weeding, pruning, thinning, protection and road
construction.

Nurseries

17e Pulpwood. The Turbo nursery Which is capable of holding over three million plants
will raise most of the plants for that division, supplemented by the Saboti Nursery.

18. Sawlog. The average annual planting programme in the sawlog area is 5 900 hectares.
Twelve million plants would be needed to be met from the existing nurseries. Species to
be raised in these nurseries are Cupressus lusitanica (80 percent of the total planting

Includes 1 new Division to be built by project.

E/ Includes 4 new stations to be built by project.

Includes 12 new substations to be built by project.

KL/year

8 825
36 000

44 825
(KSh 5.6/ha)

unit is presented below.

No. Unit Cost Per Year Total KL

Project Headquarters 1 16 000 16 000
Conservancies 3 5 150 15 450
Divisions 1/ 14 4 600 64 400
Stations 2/ 59 5 530 326 270
Substations 3/ 4( 3 660 172 020

594 140
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Staff Requirement Costs 

14. Annual staff salaries for the entire plantation programme are itemized in Table 7 
of this appendix. Ten percent is composed of foreign exchange. A summary by management 
unit is presented below. 

lli?!. Unit Cost Per Year Total KL 

Project Headquarters 1 16 000 16 000 
Conservanoies 3 5 150 15 450 
Divisions ; 14 4600 64 400 
stations 2 59 5 530 326 270 
Sub-stations 11 4'( 3 660 172 020 

594 140 

The total annual cost of KL 594 140 is KSh 74.3 per hectare. 

Office Running Costs 

15. Office running costs are composed of general office expenses of KL 8 825 annually, 
summarized below, and ammal station upkeep of KL 360 for each (100) stations. 'ren 
percent is composed of foreign exchange. 

General office expenses 

Project Headquarters 
Conservancies (KL 300 x 3) 
Divisions (KL 200 x 4) 
Forest Stations (KL 50 x 59) 
Sub-stations (KL 25 x 47) 

Station upkeep 

Total Anrrual Office Running Cost 

KI/year 

1 000 
900 

2 800 
2 950 
1 175 

KLjyear 

8 825 

36 000 

44 825 
(KSh 5.6/ha) 

B. Silvicultural physical inputs and costs 

16. The afforestation programme will include nurseries, land clearing and preparation, 
planting and replanting,surveying, weeding, pruning, thinning, protection and road 
construction. 

Nurseries 

17. Pulpwood. The Turbo nursery which is capable of holding over three million plants 
will raise most of the plants for that division, supplemented by the Saboti Nursery. 

18. Saw log. The average annual planting programme in the sawlog area is 5 900 hectares. 
Twelve million plants would be needed to be met from the existing nurseries. Species to 
be raised in these nurseries are Clipressus lusitanica (80 percent of the total planting 

11 Includes 1 neW Division to be built by project. 

s! Includes 4 new stations to be built by project. 

y Includes 12 new sub-stations to be built by project. 
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programme), and Pinus REtalt, and other species, i.e. Eucalyptus and a few hardwoods which
will account for the remaining 20 percent. All seeds would be collected from the existing
seed orchards. Seedlingsare normally raised in the nursery for about six months before
planting.

Land Clearing and Preparation

/2112,2221. Land is ploughed and harrowed after which maize or Wheat is planted for
two years before planting of pine trees is commenced.

Sawlog Areas. In the sawlog areas and in the pulpwood areas in Eldoret Division
the land to be planted is first demarcated into 0.5 hectare plots and allocated to
labourers. They olear and burn these plots,plant agricultural crops, i.e. maize, beans
and potatoes, for two years, and plant trees in the third year Which are intercropped for
an additional three years. Felling of small trees in these plots is done by labour, While
large trees are felled by the Forestry Department using power saws. Most of these areas
are very fertile and therefore no fertilization is required. In the grasslands subsoiling
is carried out before pitting out is done.

Planting

Pulpwood. Planting in the pulpwood plantations would be done by hand at a space of
2.7 m x 2.0 m (approximately 1 800 plants per hectare). The interval is designed to
facilitate easy movement of harvesters while removing the maize interplanted with the trees
in the first year. Tt is also designed to allow free movement of harrows during
mechanical weeding. Planting commences immediately after sufficient moisture build-up has
been formed during the rainy season (April-May); sometimes When rains are late planting
may continue to mid-August. Replacement of failed seedlings (beating up) is done during
the same season or the following year depending on the length of the rainy season.
Normally an allowance of 10 percent of the seedlings stock is reserved for this purpose.
Complete replanting during the following year is done where over 75 percent of the
establishment fails. The average planting requirement is 14 man-days per hectare. This
includes handling and movement of seedlings from roadside to planting site. Replanting
of clearfelled areas takes place one year after felling.

Sawlog Areas. In the sawlog areas, planting is carried out by workmen in the
allocated plots. Normal spacing is 2.5 m by 2.5 m. An average of 14 man-days is
required. Replanting of the clearfelled areas takes place two years after felling. A
10 percent seedling reserve is made to facilitate beating up of failed seedlings after
planting. Complete replacement is unusual in the sawlog areas.

Surveying

Survey of the planted areas follows immediately after planting has been completed.
Survey data from the field is transferred into 1:10 000 survey sheets plotted from
1:25 000 scale aerial photographs. The survey section of the Department keeps a record
of all the surveyed areas.

Weeding

24, Pulpwood Area. In the Turbo area, both manual and mechanical weeding are carried
out as follows: manual weeding in the first, second and third years at seven man-days per
hectare and mechanical weeding in the first, second and third year at two hours per hectare.
After the rains in the Turbo area, weed growth is profuse making such heavy weeding
necessary.
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programme), and Pinus patula and other species, i .e. Eucalyptus and a few hardwoods which 
will account for the remaining 20 percent. All seeds would be collected from the existing 
seed orchards. Seedlil18' are normally raised in the nursery for about six months before 
planting. 

Land Clearing and Preparation 

19. Pulpwood. Land is ploughed and harrowed aft er which maize or wheat is planted for 
two years before planting of pine trees is ccmmenced. 

20. Sawlog Areas. In the sawlog areas and in the pulpwood areas in Eldoret Division 
the land to be planted is first demarcated into 0.5 hectar e plots and allocated to 
labourers. They clear and burn these plots,plant agri oultural crops, i.e. maize, beans 
and potatoes, for two years, and plant trees in the third year which are intercropped for 
an additional three years. Felling of small trees in these plots is done by labour, while 
large trees are felled by the Forestry Department using power sawe. ~Iost of these areas 
are very fertil e and therefore no fertilization is required. In the grasslands subsoiling 
is carried out before pitting out is done. 

Planting 

21. Pulpwood. Planting in the pulpwood plantations ,,,ould be done by hand at a space of 
2.7 m x 2.0 m (approximately 1 800 plants per hectare), The interval is designed to 
facilitate easy movement of harvesters while removing the maize interplanted with the trees 
i n the first year. It is also designed to allow free movement of harrows during 
mechanical weeding. Planting ccmmences immediately after sufficient moisture build-up has 
been formed during the rainy season (April-May) j sometimes when rains are late planting 
may continue to mid-August. Replacement of failed seedlings (beating up) is done during 
the same season or the following year depending on the length of the rainy season. 
Normally an allowance of 10 percent of the seedlings s tock is reserved for this purpose. 
Complete replanting during the follol;ing year is done where over 75 percent of the 
establishment fails. The average planting r equirement is 14 man-days per hectare. This 
includes handling and movement of seedlings from roadside to planting site. Replanting 
of clearfelled areas takes place one year after felling. 

22. Sa~llop: Areas. In the sawlog areas, planting i s carried out by workmen i n the 
allocated plots. Normal spacing is 2.5 m by 2.5 m. An average of 14 man-days is 
required. Replanting of the cl earfelled areas takes place two years after felling. A 
10 percent seed l ing reserve is made to facilitate beating up of failed seedlings after 
planting. Complete replacement is unusual in the sawlog areas. 

Surveying 

23. Survey of the planted areas follows immediately after planting has been completed. 
Survey data from the field is transferred into 1:10 000 survey sheet s plotted from 
1:25 000 scale aerial photographs. The survey section of the Department keeps a record 
of all the surveyed areas. 

Weeding 

24. Pulpwood Area. In t he Turbo area, both manual and mechanical weeding are carried 
out as follows: manual weeding in the first, second and third years at Seven man-days per 
hectare and mechanical weeding i n the first, second and third year at two hours per hectare. 
After the rains in the Turbo area, weed growth is profuse making such heavy weeding 
necessary. 



Age in Years Plants Established Per Ha

o 1 600

5

10
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Sawlog Area and Pulpwood Areas Other Than Turbo. Since trees interplanted with
agricultural crops are grown in workers' plots for the first three years, weeding is
carried out by labour while tending their crops. No mechanical weeding or herbicides
application is used. Continual weeding on plantations grown on grasslands is necessary
for the first three years, particularly Where cypress is established. However, P. patula
can survive in grasslands so long as the grass is not taller than the trees. In these
areas, weeding is particularly necessary to reduce fire danger and also to minimize rat
damage to young seedlings.

Pruning

Pulpwood Area. No pruning and thinning is required in the pulpwood area. Where
fire danger is considered high in young plantations light pruning may be carried out;
otherwise, this is not necessary.

Sawlog Area. Pruning of trees intended to provide sawn wood is necessary so as to
provide a knot-hole tree timber for better quality. To obtain this high quality timber,
it is necessary to carry out pruning schedules as follows:

Cypress - five prunings over ten years

Age 2 - all stems

Age 4 - all stems

Age 6 - 533 stems/hectare to 9.25 metres

Age 8 - 533 stems/hectare to 11.25 metres

Age 10 - 533 stems/hectare to 13.75 metres

No other pruning is necessary after age ten.

Pines - four prunings over ten years at

Age 4 - all the stems

Age 6 - all the stems

Age 8 - 711 stems/hectare to 9 metres

Age 10 - 711 stems/hectare to 12 metres

No further pruning necessary after age ten.

Labour requirement for pruning is based on the country's present average of 12 man-days
per hectare. The average annual pruning programme will be 25 000 hectares.

23. Thinning. Thinning is not necessary in pulpwood plantations. It is, however,
necessary in sawlog plantations. The purpose of thinning plantations is to increase the
value of the final crop. Three thinnings would be carried out on plantations. The first
thinning is hygienic and is intended to remove all dying, dead and diseased trees from the
plantations. The second and third thinnings are commercial and provide a financial return
to the Government while still improving the quality of the final crop. The schedule below
shows the remaining crop after thinning in both pine and cypress plantations in the project.

Cypress
Crop Remaining
After Thinning

No thinning

533

355

Plant Height
in Metres

12

Top height not
considered

15 250 Top height not
considered
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25. Sawlog Area and Pulpwood Areas other Than Turbo. Since trees interplanted with 
agricultural crops are grown in workers' plots for the first three years, weeding is 
carried out by labour While tending their crops. No mechanical weeding or herbicides 
application is used. Continual weeding on plantations grown on grasslands is necessary 
for the first three years, particularly Where cypress is established. However, E. patula 
can survive in grasslands so 'long as the grass is not taller than the trees. In these 
areas, weeding is particularly neoessary to reduce fire danger and also to minimize rat 
damage to young seedlings. 

Pruning 

26. Pulpwood Area. No pruning and thinning is required in the pulpwood area. lihere 
fire danger is considered high in young plantations light pruning may be carried out; 
otherwise, this is not necessar,y. 

27. Sawlog Area. Pruning of trees int ended to provide sawn wood is necessary so as to 
provide a knot-hole tree timber for better quality. To obtain this high quality timber, 
it is necessary to carry out pruning schedules as follows: 

CYpress - five prunings over ten years 

Age 2 - all stems 

Age 4 - all stems 

Age 6 533 stems/hectare to 9.25 metres 

Age 8 - 533 stems/hectare to 11.25 metres 

Age 10 - 533 stems/hectare to 13.75 metres 

No other pr~ning is necessary after age ten. 

~ - four pruninga over ten years at 

Age 4 - all the stems 

Age 6 all the stems 

Age 8 - '711 stems/hectare to 9 metres 

Age 10 - '{11 stems/ hectare to 12 metres 

No further pruning necessary after age ten. 

Labour requirement for pruning is based on the country's present average of 12 man-days 
per hectare. The average annual pruning programme will be 25 000 hectares. 

28 . Thinning. Thinning is not necessary in pulpwoo.d plantations. It is, hO\''1ever, , 
necessary in sawlog plantations. The purpose of thinning plantations is to increase the 
value of the final crop. Three thinnings would be carried out on plantations. 'rhe first 
thinning is hygienic and is intended to remove all dying, dead and diseased trees from the 
plantations. The second and third thinnings are commercial and provide a financial return 
to the Government While still improving the quality of the final crop. The schedule below 
shows the remaining ,crop after thinning in both pine and cypress plantati ons in the proj ect. 

Age in Years 

o 
5 

10 

CyPress 

Plants Established Per Ha 

600 

Crop Remaining 
At'ter Thinning 

No thinning 

533 

355 

Plant Height 
i n l,!etres 

12 

Top height not 
considered 

Top height not 
considered 
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Pines

Crop Remaining Plant Height
Ao in Years Plants Established Per Ha After Thinning in Metres

0 1 600 No thinning

5 - 711 12

8 - 533 Top height not
considered

13 356 Top height not
considered

The average annual thinning during he project period would be 4 100 ha. Average
annual maneday requirement for non-commercial thinning and marking of commercial thinning
is eight/ha.

Protection

Protection Against Fire. Fire damage in Kenya can be very high, particularly during
years of severe drought. In 1971 the country lost 19 000 hectares of forest which included
over 2 000 hectares of plantations. It is therefore necessary that adequate fire
protection measures are enforced during the project period. In order to ensure strong
fire control, the Department established a fire control section to deal with all fire
matters.

Firebreaks. Firebreaks would be established at a density of 40 m per ha and with a
width of 20 m and maintained by early burning and all year round clearing. Pirebreak
maintenance in both pulpwood and sawlog plantations would be carried out both by labour
and tractor with a rotary harrow. An average of 0.12 man-days per hectare would be
required.

Fipgal Dothistroma pinii has been the worst fungal
disease. As a result, the Department has halted any further planting of P. radiata which
is particularly susceptible to it while studies continue to find a cheaper method of
control. Nursery diseases caused by Rhizoctonia solani Kuhn and pythium spp. still cause
problems. Cypress canker caused by Monochaetia unicornis (Cooke and Ellis), Armillaria
mellea of both pines and cypress, Diplodia pinea (Desm) have all been present in the Kenya
softwood plantations. The Pathology section of the Department carries out a continuous
field check on these diseases and controls them where possible. This would continue
during the project period.

Protection Agáinst Insect Pests. Insect pests of economic importance in Kenya are
the woolly aphids of the genera Adelges and Pineus (Homoptera: Adelgidae). P. patula,
P. radiata and other pines have been attacked over a wide area. The aphids suck the pine
juice and retard growth, and a severe attack can cause death of the trees, although this
has not yet been noticed in Kenya.

A summary of silvicultural inputs for each of the three project components, together
with estiMates of total costs per hectare, are displayed in Table 8 of this appendix.

Age in Years 

o 
5 
8 

13 
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Plants Estab l ished Per Ha 

1 600 

Crop Remaining 
After Thinning 

No thinning 

711 

533 

356 

Plant Height 
in Metres 

12 

Top height not 
considered 

Top height not 
considered 

·29. The average annual thinning during the project ·period would be 4 100 ha. Average 
annual man-day requirement for non-commercial thlnning and marking of commercial thinning 
is eight/ha. 

Protection 

30. Protection Against Fire. Fire damage in Kenya can be very high, particularly during 
years of severe drought. In 1971 the country lost 19 000 hectares of forest which included 
over 2 000 hectares of plantations. It is therefore necessary that adequate fire 
protection measures are enforced during the project period. In order to ensure strong 
fire control, the Department established a fire control section to deal with all fire 
matters. 

31. Firebreaks . Firebreaks ';QuId be established at a density ·of 40 m per ha and .lith a 
>lidth of 20 m and maintained by early burning and a1l year round clearing. Firebreak 
maintenance in both pulpwood and sawlog plantations would be carried out both by labour 
and tractor with a rotary harrow. An average of 0.12 man-days per hectare would be 
r equired. 

32. Protection Against Fungal Diseases. Dothistroma pinii has been the worst fungal 
disease. As a result, the Department has halted any further planting of E. radiata which 
is particularly susceptible to it while studies continue to find a cheaper method of 
control. Nursery diseases caused by Rhizoctonia 501ani Kuhn and pYthium spp. still cause 
problems. Cypress canker caused by Monochaetia !lnicornis (Cooke and Ellis), Armillaria 
mellea of both pines and cypress, Diplodia pinea (Desm) have all ·Ceen present in the Kenya 
Baftl'lood plantations. The Pathology section of the Department carries out a continuous 
field check on these diseases and controls them where possible. This would continue 
during the project period. 

33. Protection Against Insect Pests. Insect pests of economic importance in Ke~a are 
the woolly aphids of the genera Adelges and Pineus (Homoptera: Adelgidae). E. patula, 
P. radiata and other pines have been attacked over a \dde area. The aphids suck the pine 
juice and retard growth, and a severe attack can cause death of the trees, although this 
has not yet been noticed in Kenya. 

34. A summary of silvicultural inputs for each of the three project components, t ogether 
,d th estimates of total costs per hectare, are displayed in Table 8 of this appendiX. 



KENYA II PLANTATION PROJECT

Table 1 Vehicle and Equipment Running Cost

Location

km/vehicle/ KSh/ Annual Cost
Supervision Vehicles Type and Number Year km (KL)

Project Headquarters Saloon Car 1 ' 20,000 1.1 1,100

Station Wagon 1 20,000 1.1 1,100

Land Rover 1

I HConservancies 3

Divisions 14

Main Forest Stations 59
1/

Sub Forest Stations 23' 17,000 1.1 93,500
sub-total 95,700

General Administration Vehicles and Equipment

Divisions, Main Station
and Sub Stations

(Location not given)

Sub Forest Stations 3-ton lorries 40-2/ 15,000
3/4/

Stations under 60-65 hp tractors 10-- 1,000

construction

Stationary engine 120 1,300 hr/yr 4.0 31,200
(water supplies)

Fire trucks 4 2,000

85 hp tractors 8 1,000 20.0 8,000
sub-total 178,575

Sub-,total all vehicles and equipment 274,275
10% Physical Contingency 27,427

Total Annual Cost 301,702
Total Annual Cost Per Hectare 1.886

(KSh 37.7)
21 Balance of 24 sub-stations would share transport with main stations and have use of 3-ton trucks.

2 Allows for replacement of tractor units by trucks in stations where ploughing completed.

j Required for general carting over rough terrain during station construction and limited cultivation operations.

4./ Tractor requirements for cultivation operation in Turbo are included in afforestation estimates.

Main Forest Stations and 5/7 ton lorries 65 15,000 1.7 82,875
Selected Divisions

1.5 45,000

19.0 9,500

KENYA II PLANTATION PROJECT 

Table 1 V~hicle and Equipment Running Cost · 
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km/vehicle/ KSh/ Annual Cost 
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General Administration Vehicles and Equipment 
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.. .. .. 85 hp tractors 
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1 20,000 1.1 

100 17,000 1.1 
Bub- total 

65 15,000 1.7 

401./ 15,000 1.5 
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4 

8 
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1,000 20.0 
sub-total 

Sub~total all vehicles and equipment 
lOX Physical Contingency 
Total Annual Cost 
Total Annual Cost Per Hectare 

1/ Balance of 24 sub-stations . would share transport with main stations and have use of 3-ton trucks. 
2/ - Allows for replacement of tractor units by trucks. in stations where ploughing completed. 

(KL) 

1,100 

1,100 

93,500 
95 ,700 

82,875 

45,000 

9,500 

31,200 

2,000 

8.000 
178,575 
274,275 

27,427 
301,702 

1. 886 
(KSh 37.7) 

1.1 Required for general carting over rough terrain during station cons truction Bnd limited cultivation operations. 
4/ - Tractor requirements for cultivation operation in Turbo are included in afforestation estimates. 

.... 
~ 

i 
~ 
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Table 2 Schedule of Unit Costs for New Division,

Stations and Sub-Stations

1/ Calculated on basis of number of employees at cost of KL200/house/employee

Unit
Cost

Division Station Sub-Station
No. Cost No. Cost No. Cost

KL (KL) (KL) (KL)

Office - 1 1,300 1 600 1 600

Store, general 330 1 330 1 330 1 330

Store, fuel 110 - - 1 110 1 110

Garage - 1 115 I 46C 1 460

School 950 - - 1 950 1 950

Dispensary 330 - - I 330 1 330

Shops 290 - - 2 580 2 580

DFO/Forester House 7,250 1 7,250 1 7,250 1 7,250

Ranger/Clerk/Driver 1,450 4 5,800 5 7,250 3 4,350
House

Forest Guard House 550 - - 3 1,650 3 1,650

Water Supply 1,650 - - 1 1,650 I 1,650

Nursery 1,450 - - 1 1,450 I 1,450

Fire Towers 270 - - 2 540 2 540

Labour houses 210 - - - 1/_ - I/_

Totals 14,795 23,150 20,250

APPDDIX 1 

KENYA II PLANTATION PROJECT 

Table 2 Schedule of Unit Costs for New Division, 

Stations and Sub-Stations 

Unit Division Station Sub-Station 
Cost No. Cost No . Cost No . Cost 

KL (KL) (KL) (KL) 

Office 1 1,300 1 600 1 600 

Store, general 330 1 330 1 330 1 330 

Store, fuel 110 1 no 1 no 

Garage 1 115 1 46C 1 460 

School 950 1 950 1 950 

Dispensary 330 1 330 1 330 

Shops 290 2 580 2 580 

DFO/Forester House 7,250 1 7,250 1 7,250 1 7,250 

Ranger/Clerk/Driver 1,450 4 5,800 5 7,250 3 4,350 
House 

Fares t Guard House 550 3 1,650 3 1,650 

Water Supply 1,650 1 1,650 1 1,650 

Nursery 1,450 1 1,450 1 1 ,450 

Fire Towers 270 2 540 2 540 

1/ Labour houses- 210 1/ 1/ 

Totals 14,795 23,150 20,250 

1/ Calculated on basis of number of employees at cost of KL200/house/employee 



1Division

lElburgon

1 Londiani

INyahururu

I Larin::o

lEldoret/Nabkoi
iYitale

11!isumu
1 Turbo

1:yori

Embu

Nairobi

Coaut

Southern

TOTAL,

HOUSINN G
Senior Junior Teachers Forest Rost
Staff Staff Guardo houje

KENYA II PLANTATION PROJECT

Table 3 Schedule of Existing Forestry Department
Buildings in the Project Area

(Excluding forest workmen's houses)

OTHER BUILDINGS
Fire Office Store Garape Dispon. School Comm. Shop Water
Tower Hall Supply

13 69 40 129 4 11 11 12 6 11 10 5 40 12

15 35 12 75 3 8 7 3 5 5 4 7

11 66 30 103 6 10 13 7 7 7 1 23 11

7 35 15 70 4 7 7 2 5 5 _ 10 6

11 60 33 78 2 4 11 26 3 11 15 9 39 20

6 30 9 63 2 6 6 3 5 3 4 5

2

11

9

21

_ 18

20

- - 3

5

4
6

2

3

-,
2

_ _
_

_ 1

7

12 65 23 104 5 12 12 8 10 7 3 10 11

6 28 6 Go 2 8 6 2 2 2 - 4 6

10 53 21 110 4 9 9 4 7 7 14 8

5 25 50 5 5 3 4

3 18 40 2 3 3 2 4. 3

112 514 139 920 8 I 44 98 116 48 65 60 18 148 101

KENYA II PLANTATION PROJECT 

Table 3 Schedule of Existing Forestry Department 

Buildings 1n the Project Area 

(Ilxcludins forest "orkroor.'. hO~Goa) 

r l!OUSINNG I o THE R D U I L DINGS 
! I Fire ~ Sto"'!. 

• 
, Senior Junior Teachers Forest r.,st Garall" Diapen. ~ ~.Shop Wa.ter 
I Zt-afr- 'Sfaff Guc.rds !Iouso ~ Ilnll SuW1Z, 
I 
I 

I :;Hvi:Jio~ 
1------

69 40 129 4 11 11 12 6 11 10 5 40 12 [ Elburaon 13 

I J.cm11nni 15 35 12 75 3 8 7 3 5 5 4 7 , 
I J;:'·~lurtll'U 11 66 30 103 6 10 13 7 1 7 23 11 

i l.;arinuo "- 1 35 15 70 I, 1 1 2 5 5 10 6 

, :lhlorct/Nabkoi 11 60 33 113 2 4 11 26 3 11 15 9 39 20 
'" In tc.lc 6 30 9 63 2 6 6 3 5 3 1 5 '" I 

I y. 2 9 18 3 4 2 - 1 
.• l ... um~\ , 

1'i"J.rbo 11 21 20 3 5 6 3 2 1 

1 1':::ori 12 65 23 104 5 12 12 8 10 7 3 10 11 

Er.:bu 6 28 6 60 2 6 6 2 2 2 4 6 

!ro.irobi 10 53 21 110 4 9 9 4 7 7 14 8 

I CO~"t 5 25 50 5 5 3 4 

::;outhern 3 16 40 2 3 3 2 3 

t 
514 139 920 6 44 96 1J6 46 65 60 16 146 ,01 , 'r"JrAL 112 1 . - : I _ 

I -



KENYA II PLANTATION PROJECT

Table 5 Machinery Operating Costs

Item Km/hrs/year Cost/hour or km (KSh) Annual Cost (KL)

1 bulldozer (D6) 1,500 hours 50 3,750

1 bulldozer (07) 1,500 hours 60 4,500

1 front end loader 1,400 hours , 43 3,010

2 Motor graders 3,000 hours 49 7,350

1 road roller 1,000 hours 16 800

4 tipper lorries 70,000 kms 1.5 5,250

2 land rovers 35,000 kms 1.1 1,925

4,000 kms 3.8 760
1 low loader

I

Total, 1 Unit 27,345

-/ 1 0.7 bulldozer will be required for one unit and one D.6 for the Total, 2 Units 54,690

other unit. Cost represents average of 0.6 and 0.7.

Table 4

Item

KENYA II PLANTATION PROJECT

Road Construction Equipment Requirement

Estimated Remaining Full Operational
Operational Life Per Unit Life

Replacement Cost Inherited Value
or Cost (KL) (KL)

ExistinA Equipment
1 low loader, 20 ton 4 - 5 years 6 years 16,400 12,300
1 Massey Ferguson bulldozer (D6 equiv.) 5,000 hours 10,000 hours 28,400 14,200
1 0.6 Caterpillar 6,000 hours 10,000 hours 22,900 13,740
1 Tevex 32:40 bulldozer (D7.5 equiv.) 6,000 hours 10,000 hours 33,200 19,920
1 Wakefield motor grader (120 hp ") 8,000 hours 10,000 hours 16,000 12,800
1 Champion motor grader (Cat 150 hp ") 8,000 hours 10,000 hours 17,200 13,760
1 Cat 14 motor grader (150 hp) 6,000 hours 10,000 hours 17,200 10,320
1 Front end loador 3,000 hours 10,000 hours 19,600 5,880

1 Bomeg self-propelled road roller 7-ton 10,000 hours 10,000 hours 8,000 8,000

1.Bomeg self-propelled road roller 10-ton 6,000 hours 10,000 hours 10,000 6,000

4 Tipper lorries 5/7 ton 160,000 km 300,000 km 19,200 10,240
2 Land rovers 60,000 km 200,000 km 5,300 1,590

Total 128,750
New Equipment (per unit)

1/
28,00G-,i 0.6 (D.7) Bulldozer with ripper & blade

1 Cat 955 front end loader 115 hp 24,200

1 Motor grader, 150 hp 17,200
3 7-ton tipper lorries 14,400
2 Land Royera LWB 5 300

Total, 1 Unit 89,100
Total, 2 Units 178,200

KENYA II PLANTATION PROJECT 

Table 4 Road Construction Equipment Requirement 

Estimated Remaining Full Operational Replacement Cost Inherited Value 
Item Operational Life Per Unit Life or Cost .(KL) __ ____ ___ _ (KLl 

Existing Equipment 
I low loader, 20 ton 
I Massey Ferguson bulldozer (D6 equiv.) 
I D.6 Caterpillar 
1 Tevex 32:40 bulldozer (D7.5 equiv.) 
1 Wakefield motor grader (120 hp II) 
1 Champion motor grader (Cat 150 hp ") 
I Cat 14 motor grader (150 hp) 
I Front end loader 
I Bomeg se lf-propelled road roller 7-ton 
1.Bomeg self-propelled road roller la-ton 
4 Tipper lorries 5/7 ton 
2 Land rovers 

New Equipment (per unit) 
I D. 6 (D.7) Bulldozer with ripper & blade 
1 Cat 955 front end loader 115 hp 
I Motor grader, 150 hp 
3 7-ton tipper l orries 
2 Land Rovers LWB 

4 - 5 years 6 years 
5,000 hours 10,. 000 hours 
6,000 hours 10,000 hours 

, 6,000 hours 10,000 hours 
8,000 hours 10,000 hours 
8,000 hours 10,000 hours 
6,000 hours 10,000 hours 
3,000 hours 10,000 hours 

10, 000 hours 10,000 hours 
6,00d hours 10, 000 hours 

160,000 k" 300,000 ian 
60,000 km 200,000 ian 

KENYA II PLANTATION PROJECT 

Table 5 Machinery Operati~g Costs 

16,400 12,300 
28,400 14,200 
22,900 13 ,. 740 
33,200 19,920 
16,000 12,800 
17,200 13,760 
17,200 10,320 
19,600 5,880 

8,000 8,000 
10,000 6,000 
19, 200 10,240 

5,300 1,590 
Total 128,750 

28,00o!l 
24,200 
17 , 200 
14,400 
-.2.JQ.Q 

Total, 1 Unit 89,100 
Total. 2 Units 178,200 

Item K~/hrs/year Cost/hour or km (KSh) Annual Cost (KL) 

1 bulldozer (D6) 1,500 hours 50 3,750 

1 bulldoze~ (07) 1,500 hours 60 4,500 

1 front end loader 1,400 hours 43 3,010 

2 Hotor graders 3,000 hours 49 7,350 

1 road roller 1,000 hours 16 800 

4 tipper lorries 70,000 kms 1.5 5,250· 

2 l:tnd rovers 35,000 kms 1.1 1,925 

I 10' .... loader 4,000 ians 3.8 760 
Total, 1 Unit 27,345 

11 - 1 D.7 bulldozer will be required f or one unit and one D. 6 for the Total , 2 Units 54,690 

other unit. Cost represents avera~e of D.6 and D. 7. 

~ 
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APParDIX 1

KENYA II PLANTATION PROJECT

Existing post financed by bilateral agreement funds
21

Spare driver interchangeable with lorry drivers
I

Major surveys would be undertaken by surveyor seconded from survey

branch of F.D.

Total 1 unit 23,830
Total 2 units 47.660

49,510

Table 6 Staff and

Staff/Labour Grade No:

Labour Requirements and Costs

Annual Cost (KL) Total Cost (KL)

Headquarters

Superintending roads
engineer 1 1/

Cheif Clerk 1 4-6-0 400

Clerk/Typists 2 350 700

Driver 1 350 350

Low Loader driver 1 .400 400

1,850

One Unit Requirements

Road superintendent 1 1,400 1,400

Road foreman
22/

850 1,700
Plant operators 7 450 3,150
Plant operators helpers

(dozers)
3 180 540

Plant greasers 4 180 720

Drivers 5 350 1,750

Mechanical foreman 1 1,200 1,200
Welder 1 450 450

Mechanics 4 450 1,800
Mechanics' assistants 4 200 800
Bridge building foreman 1 850 850

Bridge labour 10 180 1,800

Masons 2 350 700

Carpenters 2 350 700

Culvert labour 20 180 3,600

Chief clerk 1 400 400

Clerks 1 350 350

Storeman 1 300 300

Watchman/messenger 4 180 720

Road levellers/tracers 2 450 900

-35 -
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Table 6 Staff and Labour Requirements and Costs 

Staff/Labour Grade Annual Cost (KL) 

Headquarters 

Superintending roads 
engineer 

Chelf Clerk 
Clerk/Typists 
Driver 
Low Loader driver 

One Unit Requirements 

Road superintendent 
Road foreman 
Plant operators 
Plant operators helpers 

(dozers) 
Plant greasers 
Drivers 
Mechanical foreman 
Welder 
Mechanics 
Mechanics' assistants 
Bridge building foreman 
Bridge labour 
Masons 
Carpenters 
Culvert labour 
Chief clerk 
Clerks 
Storeman 
Watchman/messenge r 3/ 
Road levellers/tracers-

1 1/ 
1 400 
2 350 
1 350 
1 -400 

1 1.400 
22/ 850 
"F 450 
3 180 

4 180 
5 350 
1 1.200 
1 450 
4 450 
4 200 
1 850 

10 180 
2 350 
2 350 

20 180 
1 400 
1 350 
1 300 
4 180 
2 450 

Total 
Total 

11 Exis.tlng post financed by bilateral agreement funds 

~I Spare driver interchangeable with lorry drivers 

1 
2 

UPI!IIDIX 1 

Total Cos t (KL) 

400 
700 
350 
400 

1,850 

1,400 
1,700 
3.150 

540 

720 
1,750 
1,200 

450 
1,800 

800 
850 

1,800 
700 
700 

3.600 
400 
350 
300 
720 

---.iQQ. 
unit 23.830 
units 47,660 

49,510 

1/ Major surveys would be unde rtaken by surveyor seconded from survey 
branch of F .D. 
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Table 7

KENYA II PLANTATION PROJECT

Staff Manning Plans and Costs of Management Units

Project Headquarters Conservancies (3) Divisions (14)

Annual Cost Annual Cost
'

Annual Cost

Grade (EL) Rate (EL) Rate (KL)

Project Manager M 2,600 1 C of F 2,100 2,100 1 D.F.Of 1,600

Asst. Manager L 2,050 1 Executive Officer 850 1 Asst. D.F.O. 1,400

Chief Accountant L 2,050 1 Secratary 600 3 Clerk/Typists 350 1,050

Acct. Grade I J 1,400 3 Clerk/Typists 350 1,050 1 Driver 350

Acct. Grade III G 850 1 Driver 350 1 Postman/Messenger 200

Executive Officer G 850 1 Postman/Messenger 200
Total 4,600 I

Total 5,1503 Sccratraics F 1,800
(....)

2 Typists D 700 CN
7 Clerks D 2,450

2 Drivers D 700
1

1 Storeman D 350

1 Officer Messenger 8 200 Main Forest Stations (59)

Total 16,000 Annual Cost Annual Cost
Rate (EL) (EL)

1 Forester 1,140 1 Forester 1,040
2 Rangers 500 1,000 1 Ranger 500
1 Clerk/Typist 350 350 1 Clerk 350
2 Drivers 350 700 1 Driver 350
1 Storeman 300 1 Storeman 300

8 Forest Guards 230 1,840 4 FGs 920
1 Postman/Messenger 200 1 Postman/Messenger 200

Total 5,530 Total 3,660

KENYA II PLANTATION PROJECT 

Table 7 Staff Manning Plans and Coats of Management Unita 

Project Headquarters Conservancies (3) Divisions (14) 

Annual Cost Annual Cost Annual Cost 

~ -i!ill Rate (KL) • Rate ~ 
Project Hanager K 2,600 1 C of F 2,100 2,100 1 D.F.O! 1,600 
Asst. M~nager L 2,050 
Chief Accountant L 2,050 

1 Executive Officer 850 1 Asst. D.P.O. 1.400 
1 Secratary 600 3 Clerk/Typists 350 1,050 

Acct. Cude I J 1.400 3 Clerk/Typists 350 1,050 1 Driver 350 
Acct. Grade III C 850 1 Driver 350 1 Postman/Hessenger ---1QQ 
Executive Officer C 850 
J Secra traies F 1,800 
2 Typists 0 700 

1 Postman/Messenger ~ Total 4,600 
Total 5,150 .., 

'" 7 C1er·ks D 2,450 
2 Drivers D 700 
1 Storeman 0 350 
1 Officer Messenger B -1QQ Main Forest Stations (59) 

Total 16,000 Annual Cost Annual Coat 
~ (KL) -i!ill 

1 Forester 1,140 1 Forester 1,040 
2 Rangers 500 1,000 1 Ranger 500 
1 Clerk/Typist 350 350 1 Clerk 350 
2 DriVers 350 ]00 1 Driver 350 
1 Storeman 300 1 Storeman 300 
8 Forest Cuards 230 1,840 4 FCs 920 
1 Postman/Hessenger ---1.QQ 1 Postman/Messenger -1QQ 

Total 5,530 Total 3,660 

I 
~ 



1/ Labour Shadow wage rate in KSh 9.51/man day.

g/ Nureery labour required in 40 man dayn per hectare planted. Ten percent te added for aawloge (and pulpwood-Eldoret) beating up,
ary1 20 percent is added for pulpwood-Turbo beating up. Two thousand treeu neod to be grown In the nursery for each hectare

plat-d in the field. (There is a 20% culling loso of seedlings for aawlg and pulpwood-Eldornt nuraeriea and a 10% culling

loss for pulpwood-Turbo nureerica.) It coats KSh 20 per thouaard seedlines grown for fertilizer, toola, boxee, etc., which
amounts to KSh 44 per hectare for eawlogs (and pulpwood-Eldoret) and KSh 45 por hectare for pulpwood-Turbo.

3/ Cost represents mechanical weeding, which costs K111 20 per hour.

KENYA ll PIANTATI(N PROJECT

Table 8, Summary of Silvicultural Costs

Item

Labour
Required

Year(s) (Man days)

Sawlogs

Total
Cost

(KSh/ha) Year(e)

Pulpwood - Eldoret

Total
Cost

(011,/ha) Year(a)

Labour
Required
(Man days)

Pulpwood - Turbo

Total
Coat

(KSh/ha)

Labour,
Costj/

(KSh/ha)

Other
Coat

(KSh/ha)

Labour
Required
(Man days)

Labour,
Cost2/

(KSh/ha)

Other
Coot

(KS1a/ha)

Labour, Other
Coati/ Coat

(KSh/ha) (KSh/ha)

Nursery2/ -1 44.0 418.440 44 462.440 -1 44.0 418.440 44 462.440 -1 48.0 456.480 48 504.480
Land Preparation -2 37.7 358.527 - 358.527 -2 37.7 358.527 - 358.527 -2 37.7 358.527 _ 358.527
Planting
Plantation Survey

0

0
14.0
1.0 139:510

-_
133.140
9.510

0

0

14.0
1.0

133.140
9.510

-
_

133.140
9.510

0

0

14.0

1.0
133.140

9.510
133.140
9.510

Beating Up 0 1.4 13.314 - 13.314 0 1.4 13.314 _ 13.314 0 2.8

26.628-
26.628

Weeding: First
Second

2

-
15.0

-

142.650
-

- 142.650
-

2

-
15.0

-
142.650

-

-
-

142.650
-

0

1

7.0
7.0

.40Y,66.570
66.570 80y

/06.570
146.570

Third - - - - - - - 2 7.0 66.570 40/ 106.570
Pruning 2,4,6,8,10 12.0 114.120 - 114.120 - - - - - - - - -

Pre Commercial Thinning 5 7.0 66.570 - - - - - - - - - -

Marking Out 10,15 0.5 6,6.T7 : 4.755 - - _ - _ _ _ _
Fire Protection 0-24 0.12 1.141 1.141 0-14 0.12 1.141 - 1.141 0-14 0.12 1.141

1.141Other Protection 0-24 0.1 0.951 _ 0.951 0-14 0.1 0.951 - 0.951 0-14 0.1 0.951 _ 0.951

lCEHU n PL&HTJ.TIQf PRQJn:T 

Table 8, ~1'7 ot SilvtcuUural COlltll 

~ 
lAbour LabOUJj mher 

Roquired c •• Coat 
t\·em Year II *.d KS .. ICl .. 
tlur~u~r _1 44.0 418.440 44 
lAnd. Preparation - 2 37. 7 358.5 27 
PlanUng 0 14.0 133.140 
I"lantaU on Survey 0 1. 0 9.5 10 
BoaUng Up 0 1.4 13.314 
W~edi.ng: Firs't 2 '5·0 142.650 

Second 
Third 

I"runlng 2,4.6,8,10 12.0 114.120 
Pra COlDlllarcial Thinning 5 100 66.570 
M!Lrki ng CU't 10,15 0.5 4.755 
r'I re Pro'tecUon ~24 0.1 2 1.141 
Other I"rotecti on 0-24 0.1 0.95 1 

11 Labour Shadow wage rate io KSh 9.51/_n day. 

Total 
COllt 

ICl h • 

462.440 
358.527 
133.140 

9.5 10 
13.)14 

142.650 

114.120 
66.570 

4.755 
1.141 
0.95

' 

Tead,al 

-1 
-2 
0 
0 
0 
2 

0-14 
0-14 

Labour 
Required 

'Man !!!.'l!l 
44.0 
37.7 
14.0 
1.0 
1.4 

15·0 

0.12 
0.1 

Pulj:!wood - Eldoret 

lAbOUy other 
Coat' Coa't 

'KSh!ha} (KShlhal 
418.440 
358.521 
133. 140 

9.5
'
0 

13.314 
142.650 

1.141 
0·95' 

44 

Total 
Coat 

(!(Sh!ha 

462.440 
358.527 
133.140 

9.5
'
0 

13.314 
142.650 

1.141 
0.95

' 

Y Nuroery labour required is 40 rnan dll.J'O per hec'tare plan't'!d. Ten percent 111 added for oawloga (ard pulp1olOod-Eldoret) blls'Ung up, 
nrd 2(1 w:rcen't ie Qd.iI .. d for pulpwood~rbo boaUng 'Ip. Two thousand treel need to be grown in the nuraer:r for each heota.re 
pla..,t"<l 1n the fhld. (There is a 20;( cu lling loas of seedlings tor aawl,,8' and pulpwood-Eldoret IUraeries and a 1<J.' cul1tl1B 
1000 for pulpwood-'l'urbo IUreorieo.) It cosh KSh 20 per thouaanl. seed.liflt,"8 grown for fertilizer, tools, boxes, etc., which 
amounts t o KSh 44 per h oc'tare for sawloga (am pulpwood-Eldoret) and KSh 48 per hectare tor pulpwood-'l'urbo. 

J/ Cost r epresen'ta mechanical weedi"8, which cOBh KSh 20 per hour. 

Labour 
Required 

rear{al ,M!Ln i 

_ 1 48.0 
- 2 37.7 
0 14.0 
0 1.0 
0 2.8 
0 100 
1 100 
2 J.O 

0-14 0. 12 
0-14 0. 1 

Pulpwood - TlU'bo 

lAbour Other 
CostY Coat 

456.480 48 504.480 
358.521 358.52J 
133. 140 133.140 

9.5 10 9.5
'
0 

26.628 :;olI 26.628 
66.5JO 106.570 ~ 

~ 

66.510 80li 146.5'(0 
66.510 40li 106.5'/0 

1.141 1.141 
0.95

' 
0.95

' 

i 
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KITEEDIX 2

IN102EITIID AND SAINAGIE VALUES

Both inherited and salvage values derived below are unweighted and have no shadow
foreign exchaage rate applied to them. Apprepriate weightiag and shadow pricing has been
done in Tablee 4 and 6 of the texte

Vehiciee and Equipment

The project is assumed to inherit a stock of vehicle:4 and equipment equal to eix
years of project purehasee. The useful lives of vehicles and equipment are six years, so
they aheald be, on the average, half worn out. Therefore, an average of three years of
useful life is assumed to remain in the vehicles and equipment ieherited. Similarly, at
the and of the project the ealvage value of vehicles and evipment passed on to the
oontinuieg plantation programme is assumed to be six years worth of purchases, again on
the average half 'worn out The inherited/salvage value is, therefore, equal to the cost
of three project years' purchases of vehiclee and equipment, Whieh is Oh 50.8 per hectare.

Tools and Stores

The itherited and ealvage values for toolz and stores ara determined in the same
manner as the values for vehicles and equipment, above, except that a three year useful
life is assumed rather than a six year lifea Assuming that the stock of tools and atores
in on the average half worn out, 1¡F years of useful life are inherited and salvaged, at a
value of KSh 401 per hectares

Building Conetruotion

Existing buildinge and their replacement oosts are given in Table 1 of this appendix*
Replacement oost per hectare for all exieting buildinge is KSh 360.6 per hectare. If on
the average the buildinge are half worn out, their value (for foreetry purposes) is Oh
180.3 per hectare. However, it is doubtful that their value for alternative uses is as
high as it is for forestry due to location and design* Assuming that their alternative
value is half that of their forestry value, the proper inherited value and salvage value
for existing buildings. is KSh 90.14 per hectare. In addition, a salvage value of new
buildings (capital oast KSh 226.2) needs to be added. Aesuming a 50 year useful life
and a non-forestry value eqaal to half that of forestry, the salvage valae of new buildinge
for the sawlog rotation is 25 percent of the building capital cost (KSh 56054/ha) and for
the pulpwood rotation is 35 percent of the building capital cost (Oh 79.16/ha). The
salvage value for existing buildinge must be added to the salvage values for new buildings
to get the total building ealvage values, ehieh are KSh 14607/ha for sawlogs and
Oh 1003/ha for pulpwood. In addition, the existing buildings, ehich cost KSh 360.6/ha
to rebuild, will have to be replaced. Asauming a 50 year useful life for existing
buildings, annual replacement will cost KSh 7.2 per hectare. None of the new buildings
will need to be replaced.

Road Construction

Road oonstruction is amused to occur during the year before planting (year 1). All
equipment used for project road construction ie expeoted to be completely used up at the
end of the six year construction period. /n addition, it is assumed that existing roads
and roads oonstruoted during the project have no value other than for forestry (no
inherited or salvage values)e However, equipment existing at the beginning of the project
was used for road oonetruotione Table 4 of Appendix 1 lista that equipmente The
inherited value plus 10 percent for physical contingency is KL 141 625, or KSh 7181 per
heotaree
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Both inherited &lid salvage values derived below are unweighted &lid have no shadow 
tcreip exohaDge rate applied to th_. Appropriate weighting &lid shadow prioing hae been 
done in Tabl .. 4 and 6 of the ten. 

Vehioles and E<!!dJ)l!ent 

'!'he proj ect is asllWlled to inherit a stock of vehicles &lid equipment equal to 81% 
years of projeot parohaaes. The useful lives of vehioles &lid equipaent are at% yeare, so 
thq should be, on the aveftBe, halt worn 01110. '!'herefore, an aVere&e of three years ot 
useful lite is &88U8ed to r_in in the vehicles and equipment inherited. Similar17, at 
the end ot the projeot the aalvage value of vehioles aDd equipmem p&8sed on to the 
comilD1ng plantation pr~e is asllWlled to be su yeara worth of parohaaea, again on 
the averaga halt 'worn out' 0 The inherited/aalvage value is, therefore, equal to the coat 
ot three project 78&>'8' purchaee8 ot vehioles &lid equipaent. lIhioh is XSh 50.8 per hectare. 

Tools aDd Stores 

The inherited &lid aalvage values tor tools aDd stores ara determined in the lI&IIIe 
lI&IUIer &8 the valnes tor vehioles &lid equipment, above, except that a three year useful 
lite i& asllUllled rather than a si% year lite. A88uming that the stoak of tools aDd 8tore. 
1B on the average halt worn out, 1* years of useful life are inherited and salvaged, at a 
value of KSh 4.1 per heotare. 

Building Construotion 

Existing buildings aDd their replaoement oosts are given in Table 1 ot this appeDdi%o 
Replac .... em oost per heotare tor all existing buUdinge is XSh 360.6 per hectare. It on 
the average the buildinge are halt worn out , their value (tor torestry purposes) 18 XSh 
180.3 per heotare. However, it is doubtfUl that their value for alternative uses is &8 
high as it is for tore"try due to locaUon aDd desip. ASllWlling that their alternative 
value ie half that of their forestry value, the proper inherited value &lid aalvage value 
tor existing buildings is XSh 90.14 per hectare. In addiUon, a salvage value cf new 
bodldings (capital oost - XSh 226.2) needs to be added. ASllWlling a 50 year usefUl lite 
aDd a non-forestry value acral to halt that ot tcrestry, the salvage value ot new buildinge 
for the sawleg rotation is 25 percent cf the bodlding capital coat (XSh 56.54/ha) and tor 
the pulpwood rotation is 35 percent of the wilding capital cost (XSh 79.16/ha). The 
salvage value tor exisUng buildinge 1111810 be added to the salvage values tor new buildinge 
to get the total building aalvage values, lIhioh are XSh 146.1/ha tor sawloga aDd 
XlIh 169.3/ha for pulpwood. In addiUon, "the existing buildinge, lIhich oost XSh 36O.6/ha 
"to rebuild, will have to be replaced. A .. um1ng a 50 year usefUl lite for existing 
buildinge, armual replac ... ent will co.t XSh 1.2 per hectare. 1I0ne ot "the neW bodldinge 
will need to be replaced. 

Road CODBtru.cUon 

Road constructicn is asllWlled to cccur during "the year betore planting (year 1). All 
equipment used tor project road oon ..... ru.ction is expeo"ted to be cOlllPlete17 used up a"t the 
end of the six year construction period. In addition, it is assumed tha"t existing roads 
aDd roads cons"truc"ted <Wring "the project have no value other "than for forestry (no 
inheri"ted or aalvage value,,). However, equipment existing at the beginning of the proj ect 
...... used tor road oonstru.otiono Table 4 cf AppeDdi% 1 lisb that equipmem. The 
inherited value plus 10 peroen"t tor physical comingenoy is XL 141 625, or KSh 71.1 per 
hectare. 
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Table 1 Replacement Costs of Existing Buildings

1/ An of the types listed in either Table 2 or Tabla 3 of Appendix 1.
3/ NUmbere frm Table 39 Appendim 1 (When given). Office and garage

numbers split by assuming all 13 divisionn bad one unit with the
remainder located on stations* Nube].'s for items from Table 39 Appendix 19

aamm3 that each old division/station hes ease buildings es new division/
station..
Gammwnity hall cost not given in Table 8p Appondiz ig so aasumed equal to
stare/dispensary cost of XL 330.

AI' Teacher's house coat (not iven) is assumed equAl to average of junior
staff's and forost guards' houses*

1/
Num bell/

Unit Replacement

-1-= Cost (KL)
Total Replacement

Cost (KL)

Nurseries 90 1,450 130,500

Fire Towers 44 270 '11,880

Division Office 13 1,300 16,900

Station Office 85 600- 51,000

General Stores 116 330 38,280

Fuel. Stores 90 110 9,900

Division Garages 13 115 1,495

Station Garages 35 460 16,100

Dispensaries 65 330 21,450

Schools 60 950 57,000

Community Halls 18
3/33"

Shops 148 290 42,920

Water Supplies 101 1,650 166,650

DFO/Forester Houses 112 7,250 812,000

Ranger/Clerk/Driver Houses 514 1,450 745,300

Teacher's House 189
4/

1,000- 189,000

Forest Guard House 920 550 506,000

Sub-total 2,822,315

Replacement /Additions to existing staff housing
and buildings

200,000

Net 2,622,315

10% Physical contigency 262,231

Total Cost 2,884,546
(KSh 360.6/ha)
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KENYA II PLANTATION PROJECT 

Table 1 Replacement Costs of Existing Buildings 

~/ 2/ Unit Replacement 
Number- Cost (KL) 

Nurseries 90 1,450 

Fire Towers 44 270 

Division Office 13 1,300 

Station Office 85 600-

General ~tores 116 330 

Fuel Stores 90 110 

Division Garages 13 115 

Station Garages 35 460 

Dlspensarie!3 65 330 

Schools 60 950 

Community Halls 18 330;)/ 

Shops 148 290 

Water Supplies 101 1,650 

DFO/Forester Houses 112 7,250 

Ranger/Clerk/Driver Houses 514 1,450 

Teacher's House 189 l,OO~/ 
Forest Guard House 920 550 

Sub-total 

Replacement /Additions to existing staff housing 
and buildings 

Net 

10% Physical contigency 

Total Cost 

Total Replacement 
Cost (KL) 

130,500 

' 11,880 

16, 900 

51,000 

38 , 280 

9,900 

1 ,495 

16 , 100 

21,450 

57,000 

5,940 

42,920 

166,650 

812,000 

745,300 

189 , 000 

506,000 

2,822,315 

200,000 

2,622,315 

262,231 

2,884,546 
(KSh 360.6/ha) 

.111 ot the tno lined. in e1 ther '!'ab1e 2 or '!'ab1e 3 of .1ppeDd1x 1. 
1JUa1lere trca 'fab1. 3 • .1ppeD41.x 1 ( •• n si"en). attic. &lid. pNCe 
_lIere IIplit 117 u._lIre all 13 41Yiaiona luI4 0118 unit with tla. 
r_inder 100&ted. on at&UoDII. Iftalbera tor it_ tzoa. 'l&llle 8, .1ppendix 1, 
u_ tllat eaall olcl 41YiaiorVatation llu _e batlclinp u new 41v:1..icrV 
.t&Uon. 

Cc nUT hall con not si".n in '!able 8, !ppen41x 1 •• 0 u_eel equal to 
&tore/ cl1apellAl7 coat of XL 330. 
'!'e&ober' a laewt. coat (DDt si"en) b u_eel equal tc a,,8l'8B'I of junior 
atart'. &1111 toren pard.w' la_ ... 



Cost of pulpwood at mill site
Lessz Logging costo

Transport and handling to mill

Eocnomio prioe of pulpwood stumpage

Economic ehadow price of pulpwood stumpage

Cost of pulpwood Chips from West Coast (Korth America) f.o.b.

Freight ami insurance to Mombasa, Kenya

Cost: C.i.f. Mombasa

Less Chipping costs (including depreciation of equipment)

Equivalent roundwood oost (chip measure)

Equivalent roundwood cost (roundwood measure)

Transport to Webaye mill (600 km at KSh 0.178/m3/km)

Handling

The economic price of sawlogs whioh substituto for potential Importa ie calculated
by determining the cost of importing sawnwood to Nairobi. The economic price of eawlogs
Whidh are exported is estimated to be KSh 236/m3. The two prices are averaged (weighted:
75 percent for import substitution output and 25 percent for exported output) and multiplied
bY 1.30 to reflect the 130 percent ahadow pricing of foreign exchange. The average
ahadow price for sawnwood is then converted to sawlog prioes by applying the appropriate
conversion factors. These prices are oalculated as follows:

Sawnwood price (lowest grade) in Scandinavia fooeb.

Sea freight to Mombasa

Port handling in Mombasa and rail freight to Nairobi

Sawmwood import cost in Nairobi

Sawmilliog coat (less stumpage element plus handling/freight
to Nairobi)

Economic price (sawnwood measure) of import substitution
sawlog stumpage

Economic price (sawnwood measure) of axport aawlog stumTage

Weighted average ecoaomic prioe (sawnwood measure) of
sawlog stumpage

Weighted average ehadow price (sawnwood measure) of sawlog
Ertatnpage

1/ None dry unit of chips. 1 BDU . 2400 lb . 20 roundwood.

84/Bnu 1/
35/Bmu

119/Bzu

lo/BBIJ

109/Bmu

54.5/m3
l0.7/m3

1.6/m3

6607/m3

13.5/m3

asp/m3

51.2/m3

(Oh 366/m3)
KSh 47508/m3
MMIMOMWIC=111102==1

DSS/m3,

120

35

11

166

USS111/m3

(Oh 793/m3)
(KSh 236/m3)

KSh 653075/m3

KSh 8490875/m3
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ECCNOMIC uir MIMEScPCUTPUE

The economic price of pulpwood is calculated by determining the cost of importing
pulpwood to run the Webuye mill and then shadow prioing it at 130 percent. The prioe is
determined as follows:

uss
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The eooDCllio price ot palpwoccl. is ealOlllaied b7 deie1'llining ihe oon 
pulpwood ic NIl ihe W.~. 11111 am ihe a!ladow prioing ii ai 130 perceni. 
deiera1ned as tcllowsl 

ot imparling 
The prioe is 

Coai at pv.lpwood chipa trCIII Wesi Ccari (I'crib Aadea) t.o.b. 84/Bro J./ 
35/Bro 

Coail C.i.t. Mo.baaa 

Leaa Chipping ooab (including depreciaUon ot equipmeni) 

Equivaleni rOllmwood coai (chip lIe&aul'e) 

Equivaleni rOllmwood oon (roumwood lleasure) 

Tranaporl io Weba7e 11111 (600 m ai KSh 0.n8/.3/m) 
HamUng 

Cosi of pulpwood ai mill siie 

Le .. 1 Legging oosis 

'l'ranaporl and hemUng io IIUl 

Economic prioe ot pIllpwood aiwnpage 

Eooncnic ahadow price ot pulpwood aiwopage 

119/BW 

10/BDU 

l09/Bro 
54.5/m3 
10.7/m3 

1.6/m3 

66.7/.3 

13.5/m3 

2.0/m3 

51.2/m3 

(ISh 366/113) 

ISh 475.8/113 
-------

The eoonomio prioe at sawlose lIIrloh aubeUiuh for poieniial imporla 1& calOlllaied 
b7 deiel'll1ning ihe ooai ot 1apcrling Awnwood io I'airobi. The eoonomic price ot aawlop 
lIIrloh are exporled i8 eaUmaied ic be ISh 236/ .. 3. The iwo prices are avenged (weighiedl 
75 perceni fcr t.parl subaiiiuiion OIltput and 25 percent for exported output) and multiplied 
by 1.30 io refleot the 130 percent shadow pricing at foreign exchange. The average 
ahadow price for samwood is then oonveried to lIawlog prioea b7 app~ng the appropriate 
oonveraion factora. ThBlle prioell are oalculated as tollowl 

Sawnwood prioe (loweat grade) in Scandinavia f.o.b. 

Sea treight to JIombaaa 

Porl hemUng in Ilombaaa and rail freight to Nairobi 

Sawmrood imporl oost in Nairobi 

Sa_lUng oon (lells atwopage elemeni plua hamU"&"freight 
to Nairobi) 

Economio price (Awnvood .. easure) of imparl aubsUiuUon 
sawlog stumpage 

EoollClllic price (sawnwood me&Sl2l'e) ot exparl sawlog stumpage 

Weighted aVeNge eoollClllic prioe (savnvood m888Ure) of 
sawlog stumpage 

Weighted average shadow prioe (Awnwood measure) of sawlog 
siumpage 

1/ lione d.r,y unit of chips. 1 liW • 2400 lb • 2113 roundwood. 

~/ .. 3 

120 

35 
11 

166 

USllll/ .. 3 

(ISh 793/m3 ) 

(ISh 236/ .. 3) 

ISh 653.75/.3 

ISh 849.875/m3 
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spaisrrivrrr ANALTSIM

16 In Section E of the text the seneitivity of the original ERR to dhanges in certain
aesumptions was disouesede The original ERRs are commonly tested by changing an
assumption au& as the ahadow esge rate and then constructing an entirely new cash or value
flow table for the new analysise The new ERR or NPW is then calculated from this new male
flow. This ie a oomplete bit somewhat time-consuming method. Mhoh faster computerised
methods to test eeveral types of uncertainties are available. One of these eas used to
carry out the eeneitivity analysis of the Kenya II plantation project componentse Remits
are shown in Tables 1 through 6 in this Appendix. These tables show Changes in four
investment performance measures due to Changes in main items of benefits or costs. Changes
in benefits/ooete are specified in percentage points, in this case 10 percent.

If 20 peroent had been specified instead, each change in the investment performance
measares would have been twice as large. Benefit decreases and cost inoreases have the
effeot of lowering the investment performance measures by the amounts listed in these
tables, Went) benefit inoreaess and cost decreases have the effect of raising the measures
by the same amounts. Por example, if nursery coot increased by 10 percent, in Table 1 the
NPW weuld fall by KSh 42.81 to KSh 16 133.8 ami if nursery cost decreased by 10 percent,
NPW would rise by ESh 42081 to K3h 16 219.42. It is evident then, that a Change of
10 percent in nursery coat has little effect on NPW, and consequently it is like/y to have
no effeot on the projeot decision on whether or not to accept the project (assuming that
the other costs, the benefits, the discount rate, etc. are as indioated in this analyeis)0

The sensitivity tables also facilitate quick comparisons of the relative sensitivity
of the investment performanoe meauares to the varioue costa and benefits. Por example, in
Table 1 the largest values in each oolumn are fennel in row 27, harvest benefit. This
means that for a 10 percent change in any cost/benefit all four investment performance
measures are most sensitive to a ten percent change in the harvest value. Likewlee, the
measures ara least sensitive to a 10 percent change in the tools ealvage value (row 29).

Besides indioating the relative sensitivity of investment performance measures to
Changes in costa and benefits, the tables can be used to directly calculate NPW, NFW, SEV,
and SR for ohanges in one or more benefits or costs. A common test is to check for
Changes in one or more costs and/or benefits ehieh cause NPW or NFW to become equal to taro
at a discount rata equal to the project's alternative rate of return. If suah Changes
were ooneidered likely, the decision Whether or not to implement the project could be
affected since the profitability of the project would have Changed.

For example, the figures in Table 1 imlicate that a 10 percent benefit decrease or
cost inorease in any or all benefits and costa would reduce NPW very little. In fact,
the complete elimination of the final harvest would reduce EPW by KSh 16 086.6 to KSh 90.
In other words, the rate of retarn on the sawlog sub-project if the only direct benefits
were Bawl** thinnings waald be about 8 percent. Clearly, then, in ordar for the ERR to
drop below 8 percent, very subetantial benefit decreases and/or ooet inoreases must (=are

The exact changes in prices necessary to reduce NPW to zero can be calculated from
Table 1. For example, the average stumpage prioe reduotion Whieh lowers the present value
of the thienings and final harvest benefits by an amount equal to NPW is calculated as
follows:
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1. In Seenion E or ,he ,an 'he ._iUnV ot ~e origt .. 1 BIIll '0 obaDp. in oerkin 
UaumpUOIIS .. 41.01111884. '!.'he orilli_1 lIIlIa are oc..onlT , .. b4 11)' ahaDciDC an 
uaumpUon such U ~e BhII40w we- ra'e alll1 ~en oOllB'menillC an. euUrelT n.w oaah or value 
tlow ~b1. tor ~e new anal3Bia. The new BIIll or IIPII i. ~en calcula'ed tr .. Wa new oaah 
tlow. ni. h a 00lllp1eh _" .011 ..... " U.e-ooll8UldllC lIe~04. II1ch tubr occpa."ari .. d 
•• thoele to b.t .wera1 "7Pe. or 1UloeriaiuU .. are availab1.. Q1e ot ~ .. e .. used "0 
08Z'r7 cut ~e a_iUn",. anaqn. ot ~e I:en;ra II plantaUon projeen ocaponente. Ren1tB 
are ahown in 'ab1.. 1 ~ 6 in "hi • .lppeDOli%. '!.'h .. e ~b1e. ahow oha.Dpa in tOll1' 
imreataen" peri'01'll&DOe meaaure. 4ue '0 ohaZJCea in aain U_ or benefib or coat.. ChaDges . 
in benetua700na are specified in peromace pointa, in Wa cue 10 peroent. 

2. If 20 peroent had been speeitied inatea4, each chalICe in ~e imr .. tllent pertor..nce 
.lI&81U'e. wou1cl have beeD twioe .. large. lIenetU deer ... e. aIIIl oorl inor ..... have the 
aUeot of 10warig ~e imrea"ment pert_Me lI~ea 11)' the aaounta lined in "hue 
~b1ea, 1Ih11e benetU inoreae .. aIIIl OO8t deer_es have the aUeen or raid .. ~e 1I~88 
b7 ~e _e amounts. Per Ullllple, it W1'II8Z7 ooat inoreaaed 11)' 10 p81'Oen", in '!'able 1 the 
RPW wou1cl tall b;r ICSh 42.81 to XSh 16 133.8 alll1 it ZI11'II8Z7 ooa" 4eoreaaed b;r 10 percent, 
BPW wOl1ld riae 11)' XSh 42.81 to XSh 16 219.42. It is wident then, that a change ot 
10 percent in ZI11'II8Z7 oon hu little aUeen on RPW, aIIIl oonaequentlT U ia 11ItelT 1;0 have 
no aUeen on the projeot deoiaion OD .ether or not to aooept ~e projeri (ullWD1l1C that 
the o~er coata, ~e benetU., ~e 41l1oount rate, eto. are .. illll1cated in W ....... l3Bi.). 

3. The sell8iUnt,. tables alao tacilUate quick oompar1.ona or ~e relaUve ._iUrit,. 
ot the investlDent pertOl'll&Doe lDe&II111'e8 to ~e vanOl18 ooata and benefits. Por eDIIp1e, in 
'fable 1 the largest values in each oolwm are tcnud in row 21, harvest benetU. This 
lleallS that tor a 10 percent change in &IQ' oost/benei'U all tour imrenll8nt pertOl"llallCe 
.euurea are IDOBt sena1tive to a ten percent chazIce in ~e harvest value. Likewise, ~e 
lleasur88 are 18&8t sensitive to a 10 percent challCll in the tools aalvage value (row 29). 

4. Bellidea incl1catillC the relative a_i tiri t7 of imr .. tlDent perf01'lll&DOe lDe&IIlU''' to 
chazlces in oosb alll1 benetit., the ~bl88 can be used to 41reenlT calculate RPW, IIF'W, SN, 
and SIl tor ohanges in one or 1D0re benefits or OOIItS. .I. oolDllon test is to cheolt tor 
cb&n&es in one or more ooat. and/or beneti b 1Ih1ch OIIU8e RPW or IIF'W to beOOllle equal 1;0 sero 
a1; a 41.oount rab equal 1;0 1;he projeo1;'. albrnaUve rv.b or return. If such ohang .. 
were oonaidered likelT, 1;he deoi8ion .e1;her or no1; 1;0 implement 1;he projeo1; 00l1lcl be 
atfe.o1;ed sinoe 1;he protUabllUy ot the pl'ojeen w0l11d have oh&nged. 

5. Por example, the tigmres in Table 1 illll1oa1;e that a 10 percent beneti1; deoreaae or 
oost increase in alIT or all benefits and ooris would reduoe RPW v8Z7 li1;1;le. In taen, 
the oomplete ellaination or ~e tinal harven _ld re4uoe RPW b;r XSh 16 086.6 1;0 I:Sh 90. 
In o~er words, ~e rab or return on ~e sawlOB sub-projeot it the onlT 41reot benefib 
were sawlOB ~inninge 1IOIlld be abou1; 8 peroent. ClearlT. ~en, in order tor the BIIll 1;0 
drop below 8 percen1;, v8Z7 8Ubll~ial benefi1; deer_es and/or oon inoreas88 III18t ooour. 

6. The exaen changes in prioee neoesaar;r to rednoe RPW 1;0 zero O&D be oaloula"ed tr .. 
Table 1. lI'er eD/IIple, ~e average lltumpage prioe re4uoUon 1Ih1ch lowera "he present value 
ot ~e thiml1llBB and tinal harved beneti1;11 11)' an amount equal 1;0 BPW 18 calculated &8 

tollow. 



2 204.2110 percent total removals value decrease
(assumed due decrenza in stvmpage price)

NPW 16 176.61

16 176.61NINV(100 total removals value decrease) 7-7arr - 7.339

Therefore. a 73.39 Percent (1.0e. 7*339 z 10) reduction in the averace stumpage price =mid
reduce NPW to sere,

-

44

Ch-12,,,gle_in 011

10 percent tlinning value docreaeo - 595.55
10 percent harvest value decrease - l608.66

.loUriV 

10 p __ 1; tJaiDDinc yah. d._. 

10 p __ 1; laarn.1; yah. d.-. 
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10 p81'Oeni; 1;01;&1 l'_vaa yah. deOl'_. 
( .. ___ • deOl'_. 11l.~ pr1oe) 

lfPV 

ohapp ill JIPW 

595.55 
- 1 608.66 

- 2 204.21 

16 176.61 . 

Therefor., & 73.39 p81'Oen1; (1 ••• 7.339 x 10) I'.aOUOIl 111 1;Ia. annce a1;upap prio. ~ 
redaoe IIPV 1;0 .81'0. 
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Table 11

SENSITIVITY ANALYSIS

I 8.00 PERCENT DISCOUNT RATE)
KEN SH1LLING/HECTARE

30 BUILD SALVO 1.93 15942 221 .16

1X4

DUE TO A 10
PERCENT CHANGE IN

NPW
CHANGE IN,

NFU? SEV SR

1 NURSERY 42.81 342.01 48.94 3.63

2 LAND PREPARE 35.85 286.37 40.98 3.C,

3 PLANTING 11.41 01.15. 13.04 .97

4 PLANT SURVEY .81 6.51 .93 .07

$ BEATING UP 1.14 9.11 1.30 .10

6 WEEDING 10.48 83.73 11.98 .89

7 PRUNING 31.56 252.08 36.07 2.67

8 PRE-COM THIN 3.89 31.04 4.44 .23

9 MARKING OUT .32 2.56 .37 .C3

10 FIRE PROTECT 1.09 8.68 1.24 .09

11 OTH. PROTECT .99 7.90 1.13 .0e

12 VE/EQUIP PUR 43.60 348.25 49.84 3.67

13 VE/EQUIP RUN 90.40 722.08 103.33 7.05

14 VE/EQU INHER 6.74 53.84 7.70 .57

15 TOOLS/STORES 6.66. 53.16 7.61 .06

16 TOOLS INVER .52 4.15 .59 .04

17 BUILD CONSTR 23.77 189.618 27.17 2.01

18 BUILD HAINT 22.74 181.66 26.00 1.93

19 BUILD REPLAC 14.71 117.47 16.81 1.25

20 BUILD IMHER 9.47 75.65 10.83 .80

21 ROAD CONSTRU 51.44 410.94 58.81 4.36

22 ROAD HAIN? 7.51 60.01 8.59 .64

23 ROAD INHER 8.56 68.34 9.78 72
24 STAFF REOUIR 151.54 1210.52 173.23 12.83

25 OFFICE AUN 11.40 91.03 13.03 .96

26 THINNINGS 595.55 4757.31 680.78 50.43

27 HARVEST 1608.66 12E150.11 1838.87 134.27

28 VE/EOU SALVO .84 6.74 .96 .07

29 TOOL5 SALVO .07 .52 .07 .01

11,1"

Economic Analysis for Sawlogs (8% discount rate)

Original analysis KEWha

net present worth (NPW) 16 176.61

net future worth (NFW)

soil expectation value

129 219.75

(SEV) 18 491050

soil rent (SR) 1 369.74
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Table 1, EoonClllio AD&qaia tor sawlop (~ diaoau.m r&'ie) 

Or1giD&1 an&qaia 

net preaem wOMh (HPW) 

net tIlWzoe woMh (tmI) 

.011 ezpeotation value 
(SEY) 

Boil rent (SR) 

XSb/ha 
16 176.61 

129 21 9.75 

18 491.50 

1 369.74 

SENSITIVITY ANALYSIS 

( !.QO PERCENT DlsceUNT RATE) 
.EN SIII1.I..INCi/HECTAFIE 

CHAN GE IN, 
NPW N'W SEV 

DUE"" A 10 
PERCENT CHANGE IN 

" 
_.ww _______________ • ____ ___________________ • __ ._. _____ __ ___ _ • _______ • 

NUR S£F!Y 112.81 342.01 48.94 :htJ 

• LAND PREPARE lS.BS 286 · 31 40.98 3 . t" 

3 Pl.ANTING 11.<111 9 1 .,5. 1:1. 04 .97 

• PLANT SURVEY · BI 6.51 ." · 07 

5 BEAT IN G UP 1. Jl~ 9. 11 1.30 ." 
• \JEEDING 10.48 83.13 11.98 ·eo 
7 PRUNING 31.56 2 52.08 36.07 2.107 

• PRE-ceM THJN 3.89 31.04 1I.tlili .:! J 

, MAP.KING 'UT .32 2 .56 . 37 · C, 

10 fiRE PReTECT '. 09 B.68 1 .24 ·Co 

II 8TH . PROTECT ." '.90 1013 .o!! 

Ie VEl EQUIP PUR 4.3 .60 3l18.25 49.84 J. f1 

13 VE/ ECUI P RUN 90 • .QO 722.08 IOl.33 7. f ~ .. VE/EQU INHER 6.74 53.84 T.70 • ~ 7 

" TOOLS/STORES 6.66 • 5,3. I 6 '.61 .! 6 ,. T00LS UHlER .52 4.1 ~ .5' ••• 
17 BUILD C6NSTR 2.3.11 189.88 21 . " 2 . c>, 

18 BU IL.O HAINT 22.71& 181.66 26 .00 I. <; 3 

" BUIL.D REPLAC 14. 71 1 11.41 16 .8 1 1 .25 

20 BUILD INliER 9.47 75.65 10 .83 .e. 
21 ROAD C0N5TRU 51.,Q4 .11 10.94 58 . 81 ./0. ~ 6 

22 RIlAD HAINT 7.51 60 .01 8.59 · " 
23 ReAD INH ER 6.56 68.34 9 . 1B .72 

2' STAFF REOUIR 151 . 54 121 0.52 17.3 .23 12.8 :l 

25 0HICE RUN 11 .40 91.0:1 13.03 ." 
e, TlIHlNJNGS 595.55 ".751.31 680 .1B !J0.4J 

eT HAfl V ES,T 1608.66 12850011 18l8.81 1.], .2\ 

28 VE/EQU SAlVO .8. 6.74 ." · "1 
2' TOOLS SALVO .07 .5. .0' · ., 
30 BUILD SALVO 1.93 15.42 2.21 . 16 



SENSITIVITY ANALYSIS

( 8.00 PERCENT DISCOUNT RATE)
HEN SHILLING/HECTARE

CHANGE 11.1.

NPV NFW SEV SR

DUE TO A 10
PERCENT CHANGE IN

AWEIDIX 4

I NURSERY 42.81 158.42 58.67 4.35

2 LAND PREPARE 35.85 132.65 49.13 3.64

3 PLANTING 11.41 42.22 15.64 1.16

A PLANT SURVEY .81 3.01 1.12 .08

5 SEATING UP 1.14 4.22 1.56 .12

6 WEEDING 10.48 38.78 14.36 1.06

7 FIRE PROTECT .87 3.23 1.19 .09

8 OTH. PROTECT .79 2.93 1.09 .09

9 VE/EQUIP PUR 29.19 107.99 40.00 2.96

10 VE/EQUIP RUN 60.46 223.71 82.85 6.14

11 VE/ECU INHER 5.78 21.39 7.92 .59

12 TOOLS/STORES 4.49 16.63 6.16 .46

13 TOOLS INHER .44 1.63 .60 .04

14 BUILD CONSTR 20.38 75.41 27.93 2.07

15 BUILD MAINT 15.21 56.26 20.84 1.54

16 BUILD REPLAC 9.82 36.34 13.46 1.00

17 BUILD INHER 8.12 30.04 11.13 .89

18 ROAD CONSTRU 51.44 190.35 70.50 5.22

19 RZAD HAINT 6.02 22.29 8.25 .61

20 R2AD INHER 8.56 31.66 11.72 .87

21 STAFF REQUIR 101.39 375.14 138.94 10.29

22 OrFICE RUN 7.67 28.39 10.51 .78

23 KARVEST 2893.36 10705.50 3964.97 293.70

24 1/E/EQU SALVO 1.56 5.78 2.14 .16

25 TOOLS SALVO .12 .44 .16 .01

26 BUILD SALVO 4.12 15.26 5.65 .42

Table 2, Economic Anal7mie for Pulpwood - Eldoret Division
(8% disoount rate)

Origina/ analysis IESh/ha

net present worth (NPW) 24 660.18
net future worth (NFW) 91 243.11
soil expectation value (SEV) 33 793.52
Boil rent (SR) 2 500.22

Table 2, Eoono.10 Ana~1. tor Pulpwood - Eldoret Divi.1on 

(&.' d.1aoOWli Nt.) 

Oripnal all&~i8 ISlt/ha 

nei pre.eni worih (IPW) 

nei tuture worih (JIJW) 
24 660.18 

91 243.11 

33 793.52 .011 expectaticnvalue (SEV) 
.011 rent (sa) 2 500.22 

DUE T8 A 10 
PERCENT CHANGE IN 

NUASERY 

2 LAND PAEPA"! 

:I PLANTING 

.II PLANT SURVEY 

5 BEATING UP 

6 V[EDING 

1 f1 Rt PROTECT 

8 11TH. PROTteT 

9 \IE/EQUIP PUR 

10 VE/EQUIP RUN 

II VE/tOU INHEP. 

12 ToeLS/ST8~[S 

13 TeOLS INHER 

14 BUILD ceNST" 

I! SUlLO HAINT 

16 BUILD REPLAC 

I" BUILD INK!R 

ttl ROAD ceNSTRU 

19 R~AD MAINT 

20 AeAD INliER 

SENSITIVITY ~ALV5tS 

a.oo PERCENT DISCSUNT ftATE) 
XEH SHILLING/HECTARE 

NPV 

35.85 

11.41 

.BI 

•• 7 

.n 

29.19 

60 • .116 

5 . 18 

4 • .119 ... 
20.31 

9.112 

6.02 

CKANG! IN. 
NFW StU 

15S.42 

13e.65 

3.01 

38.78 

3.23 

101. 99 

223.71 

1.63 

75.41 

56.26 

:16.34 

:10.04 

190·l5 

2e.29 

:11·66 

1!S.64 

1.12 

1.19 

1. 09 

40.00 

82 . 85 

.,.92 

6016 

•• 0 

20.84 

13.46 

70.50 

11.72 

s. 

1.16 

.0. 

.,. 
1.06 

.0, 

.0, 
2.96 

." 
••• 
.0 • 

2.07 

1·54 

1.00 

.'. 
5.22 

." 

." 
21 STArf REQUIR 101.:19 

22 e"'l CE RUN. 

375.14 

f8.39 

138 . 94 10.29 

." 
23 HARVEST 

2.11 VE/[QU SALva 1.56 .,. 
2S f80LS SALva • 12 ••• ., . .0 , 
26 SUlLO SAL.VG <11.12 5.65 .'. 

APPBlDIX 4 
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SEqS/TiVITY ANALYS/5

( 8.00 PERCENT DISCOUNT RATE)
KEN SHILLING/HECTARE

CHANGE 1N1
NPV NFV SEV SR

DUE TO A 10
RERCENT CHANGE IN

APPENDIX 4

I NURSERY 46.71 172.84 64.01 4.74

2 LAND PREPARE 35.85 132.65 49./3 3'64
3 PLANTING 11.41 42.22 15.64 1.16

4 PLANT SUPVEY .81 3.01 1.12 .08

5 BEATING UP 2.25 8.44 3.13 .23

6 VEED/NG 215.61 105.87 39.21 2.90

7 FIRE PROTECT .87 3.23 1.19 .09

8 OTH. PROTECT .79 2.93 1.09 .08

9 VE/EQUIP PUR 91.90 118.03 43.71 3.24

10 VE/EQUIP RUN 66,15 244.75 90.65 6.71

II VE/ECU 1NHER 6.29 23.27 8.62 .64

12 TOOLS/STORES 4.91 15.15 6.72 50
13 TOOLS /NHER '648 1.78 .66 .05

14 BUILD CONSTR 22.18 82.07 30.39 2.25

15 BUILD HAINT 16.61 61.44 22.76 1.69

16 BUILD REPLAC 10.74 34.76 14.72 1.09

17 BUILD INHER 8.84 32.71 12.11 .90

18 ROAD CONSTRU 51.44 140..35 70.50 5.22

19 POAD NAINT 6.02 22.29 8.25 .61

20 ROAD INHER 8.56 31.66 11.72 .87

21 STAFF REQUIR 110.86 410.18 151.92 11.25

22 OFFICE RUN 6.39 31.03 11.49 .85

23 HARVEST 2893.36 10705050 3964.97 293.70

24 VE/ECU SALVO 1.70 6.24 2.33 .17

25 TOOLS SALVO .13 .48 .15 .01

26 BUILD SALVO 4.49 16.61 6.15 .46

Table 3f Economic Analysis for Pulpwood - Turbo
(8% discount rate)

Original analysie KSb/ha
net present worth (NPW) 24 189.75
net future worth (NFW) 89 502.52
soil expectation value (SEV) 33 148.86
soil Jeent (SR) 2 455.47

• 
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Table 3, EconOll1o Anal,yaoia tor Pulpwood - Turbo 

(~ d1.ooun~ ra~e) 

Ol'1pn&l allAl,yaoill 

ne~ pre8en~ wmh (IlPW) 

n.~ fu~ure worth (JIIi'W) 

8011 ezpeot.~1on value (SEV) 

BOU ren~ (sa) 

SENSITIVITY ANALYSIS 

( 8.00 P~RCENT DISCOUNT RATE) 
KEN SHiLLING/HECTARE 

CHANGE INI 

XSb/ha 
24 189.75 
89 502.52 
33 148.86 

2 455.47 

N PV N"... SEV SR 

DUE T8 A 10 
AERCENT CHANGE IN 

NURSERY 46.11 112.811 64.01 4 . 74 

, l.AN D PREPARE 35.85 1.32·65 49.13 3.64 

3 Pl.ANTING 11.,1.11 42.22 15 . 611 1016 

• Pl.ANT SUPVEY .81 3·01 t . 12 ." 
• BEAT INCi UP 2.28 8.44 3·1 J ." 
• VEEDING 28.61 105.87 39.21 2 . 90 

, FlftE PflBTECT ." 3.23 1.19 . 0. 

8 eTH. PRntel ." 2.93 1 . 09 .08 

• VE/EOUIP PUR 31.90 IIB.03 43.11 3.24 

'0 VE/EQUIP RUN 66 •• 15 24lh 75 90.65 6.11 

" \,IE/EOU IIlHER 6.29 23 . 27 8.62 '" 
" TOel.S/STORES 4.9 1 IB.15 6.72 • '0 

13 neLS HIHER ",liB 1.78 ... .0 • .. BUILD ceNS TR 22.18 82.07 ;'0 • .39 2.25 

•• 6UIl.D HAIN T 16.61 61.44 22.76 1 .69 

" BUILD RE.PI..AC 10.74 39.76 111072 1.09 

" BUILD lNHER 8 . 84 ::12 . 71 12 . 11 " 0 

16 R\lAD CilNSTRU 51.44 190.::15 70. SO S.22 

" RI'IAD MAINT 6 . 02 22.29 8.25 . ., 
20 ROAD INH[.R 8 . 56 ::11.66 11 .72 ." 
" STArr REQUIR 110.86 410.18 151.92 11.25 

22 0fflCE nUN 8.::19 ::11.03 . t 1,119 .e • 

" HARVEST 289::1.:16 10705 . 50 :1964.97 293 . 70 

" VE/EQU SA1.VG 1.70 6 . 29 2.::13 01' ,. feel..S Sfl.LVG • 13 ... .16 .0 • 

" BUILD SM.VQ 4.49 16.61 6015 ... 

APPEllDIX 4 
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APPENDIX 4

Table 41 Financial aialysis for Sawlogs (8% discount rate)

Original analysis KShiha

net present worth (NPW) 1 560.83

net future warth (NFW) 12 467.98

soil expectation value (SW) 1 784.18

soil rent (SR) 132416

SENSITIVITY ANALYSIS

( 8.00 PERCENT DISCOUNT RATE)
KEN SHILLING/HECTARE

CHANGE ¿Ni
NPW NFU SEV SR

DUE 70 A 10

PERCENT CHANGE IN

1 NURSERY 55.73 44,5.19 63.71 4.72

2 LAND PREPARE 47.80 301.83 54.64 4.05

3 PLANTING 15.22 121.56 17.40 1.29

4 PLANT SURVEY 1.09 8.70 1.24 .09

5 BEATING UP 1.53 12.19 1.74 .13

6 WEEDING 13.98 111.60 15.98 1.18

7 PRUNING 42.10 336.26 40.12 3.56

8 PRE...COH THIN 5.18 41.39 5.92 .44

9 HARKING OUT .42 3.36 .48 .04

10 FIRE PROTECT 1.48 11.84 1.69 .13

II OTH. PROTECT 1.28 10.26 1.47 *if

12 VE/EOU1P PUR 33.53 267.85 38.33 2.84

13 VE/EOU1P RUN 74.71 596.83 85.41 6.33.

14 VE/ECU INHER 5.18 41.38 5.92 .44,

15 TOOLS/STORES 5.44 43.45 6.22 .46

16 TOOLS INHER .42 3.35 .40 .04

17 BUILD CC:1115TR 23.08 104.36 26.30 1.9$

18 BUILD HAINT 22.78 181.95 26.04 1.93

19 BULLO REPLAC 14.27 114.03 16.32 1.21

20 BU/LD INHER 9.20 73449 10.52 .78

21 ROAD CONSTRU 45.39 362.57 51.80 3.84

22 ROAD HA/NT 6.33 50.53 7.23 .54

23 ROAD INHER 6.58 52.59 7.53 .56

24 STAFF REOUIR 147.12 1175.16 160.17 12.46

2$ OFF/CE RUN 11.08 00.51 12.67 .94

26 THINNINGS 116.79 932.94 133.51 9.89

27 HARVEST 315.47 2520.00 360.62 26.71

28 VE/ECU SALVO .65 5.10 .74 .05

29 TOOLS SALVO .05 .42 .06 .00

30 Bump SALVO 1.07 14.97 2.14 .16

- 46 -
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Table 4, B'inancial AMq.ia tor Savlop (~ diacount rate) 

Original anaq.h lCSb/ha 
net pre.ent worth (IiPW) 1 560.83 
net future worth (lfiIW) 12 467.98 
.oil ezpec1;ation va~8 (SEN) 1 784.18 
soil rent (sa) 132.16 

SENSITIVITY ANALYSIS 

( 8.00 PERCENT DI5CBUNT RATE) 
KW SIIll.LINO/HECTARE 

CUANGE IN, 
NP. NIY stv s. 

DUE T0 A '0 
!'>ERCENT CHANGE IN 

---~ .- ---------------------------.-------.-------------------------- . 
NURSERY SS.1:! u~.19 6:1.11 4.12 

• LAN D PREPARE 41.BO 381·6l $4.64 4.0S 

, PLANTINQ 15 .22 121· 56 17. tiD , .29 

• PI-ANT SURVEY ,.09 8. 70 \.24 .0. 
, SEATlNG UP \.5:1 12.19 1.'14 . ., 
• VEtOING 13·98 111·68 15.98 I. Is 

, PRUNING U.IO ~l6.26 IIB.12 3.56 

, PRE-COM THIN 5.18 4\.:19 5.92 ... 
• HARKING eUT ." 3.36 •• s .0, 

~r'!' 10 fiRE PABTECT \.48 11.84 \.69 01, 
II eTth pnOT£CT 1.28 \0.26 \.", 01, 
,. VEl tOU IP PUR 33.53 261.85 38.3:1 l!o 8./1 

13 tiE/EQUIP RUN 74.11 596.83 85.111 6.33 

'0 \lE/EQU INH£R 5015 41.38 ,.92 .44. 

" TOOLS/STORES 5.44 43·45 6.22 • •• ,. TeOLS INHER ••• 3.35 ." .0. 

" BUI1.0 CONST!!. 23.05 184.36 26.38 1.95 

" BUILD MAINT 22.78 181.95 26.04 1.93 .. DUILD R£PLAC 11I.27 11./j.03 16·32 1.21 

20 BUILD JNttEA 9.20 13·49 10.52 • ?s 

21 ROAD ceNSTRU 1I5.39 ,362.57 SI.88 3·84 

2. R9AD MAINT 6.3,3 50.53 7.23 • S. 

., . peAD INHER 6.58 '2. S9 7.53 ••• 
2. STAFF REQUIA 141.12 1175.16 168.17 12.46 

•• efflCE. RUN 11.08 88.51 \2.61 '" 
•• TIIINNINOS 116.19 932.94 133.51 9.89 ., HAIWEST :U5 .lI7 2520·00 :160.62 eta.71 .. \lE/EQU SALVO ••• 5.18 .,. .os 

•• ToeLS SALVO . 0' ••• .0. .00 

'0 8UIL~ SALVO ,.87 10/1.91 e. III 01. 
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Table 5, Financial Analysis for Pulpwood - Eldoret
(8% discount rate)

Original analysis KSh/ha
net present worth (NPW) 2 456.32
net future worth (NFW) 9 088.43
soil expectation value (SEV) 3 366.06
soil rent (SR) 249.34

SENSITIVITY ANALYSIS

( 8.00 PERCENT D/SCOUNT RATE)
KEN SHILLING/HECTARE

CHANGE IN,
NPV NFv SEV Sp

DUE TO A 10

PERCENT CHANGE IN

APPENDIX 4

1 NURSERy 55.73 206.21 76.37 5.41.

2 LAND PREPARE 47.80 176.86 65.50 4.85

3 PLANTING 15.22 56.31 20.85 1.E4

4 pLANT SURvEy 1.09 4.03 1.49 .11

5 BEATING UP 1.53 5.65 2.09 .15

6 WEEDING 13.98 51.73 19.16 1.42

7 FIRE PROTECT 1.19 4.40 1.63 .12

8 oTH. PROTECT 1.03 3.81 1.41 .10

9 VE/EOUlp PUR 22.47 83.14 30.79 2.28

tO VE/EOUIR RUN 50.00 184.98 68.51 5.07

II VE/EOU INHER 4.44 16.43 6.013 .45

12 TOOLS/STORES 3.63 13.44 4.98 .2/

13 TOOLS INHER .36 1.33 .49 .04

14 RUILD CONSTR 19.79 73.22 27.12 2.01

15 DUILD !MINT 14.76 54.62 20.23 1.50

16 DUILD REPLAC 9.54 35.31 13.08 .97

17 SU1LD 11411ER 7.09 29.19 10.81 .80

18 RoAD CONSTRU 45.39 167.94 62.20 4.6!

19 POAD HAINT 5.07 18.77 6.95 .51

20 nano INNER 6.58 24.36 9.02 .67

21 STAFF REOUIR 98.42 364.15 134.87 9.S9

22 OFFICE RUN 7.45 27.58 10.21 .76

23 HARVEST 182.43 675.00 250.00 18.52

24 VE/ECU SALVO 1.20 4..54 1.64 .12

25 TOOLS SALVO .10 .36 .13 .01

26 BUILD SALVO 4.00 14.81 5.49 41
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Table 5, Fill&noial AIJ&lJ'ab tor Pulpwood - Eldore't 

(8% di800unt rate) 

Orlg1l1&l all&lJ'a18 lCSb/ha 
net present worth (NPW) 

net future worth (NW) 

Boll azpeo'tation value (SEV) 

soil rent (sa) 

SENSITIVITY ANALYSIS 

( e.oo PERtUIT 01 sceWT RAT£) 
KEN SHILLING/HECTARE 

NP. 
CHANGE nil 

N'Y 

2 456.32 

9 088.43 

3 366.06 

249.34 

SEY 

DUE T0 A 10 
PEnCEHT CHANGE IN 

NURSERY 55,'3 206.21 76 • .31 

2 LAN 0 PREPARE ,111.80 176.86 65.50 

3 PLANTING 1~.22 56.31 20.S5 

• PLAN T SURVEY '·09 '/h03 1.~9 

, BEATING UP 1.53 5.65 2.09 

• \1££011'10 IJ.98 51.1:) 19.16 

7 f I II E PAeTtel 1019 "'.410 '.63 

, OTll. PRDTECT 1.03 3.81 \. 4 1 

• V£/ E:OUIP pun 22.41 83.14 30.19 

'0 VE/EOUIP RUN 50.00 164.98 toB.51 

II VEl EQU J 'HIER 4.AII I 6. III 6.08 

,. HOLS/STeRES 3·63 Il.U 4.98 

'3 reOLS INH£R . ,. \. Jl ••• ,. D,U I I.. 0 COIlSTR 19.79 73':!2 27 . 12 

" DUILO HAIl'll 111.76 54.62 20.23 

,. DUIL O REPLAC 9.54 3 5 ·31 13.08 

17 DUILo JlmER 7.89 29.19 10.81 

IB l'IlIAD C'WSTnu .115.:19 167.9.11 62.20 

,. n0AD MAINT 5. 07 16. '17 · 6.95 

20 nMO INHER 6.511 24.:16 9.02 

21 STAF F REOUIR 98 • ./12 36./1.15 13 11 .67 

,. OFFICE RUN 1 • ./15 27.58 10.21 

" HA.RVEST 182.11:1 675.00 250.00 

•• VE/EQU SAL.Va 1.20 ./1 • ./1./1 1.6./1 

" TOOLS SAL.va dO ol. ." 
•• BUI LD SAL.VG 4.00 ,4.81 5.119 

5. t(. 

0/1 . e ~ 

1 • ~iI 

01, 

.1:: 

1.42 

d::! 

010 

2·~e 

:: . C" 

.,,:: 
• ~1 

.0, 
2.01 

, . ~ o 

.97 

., 0 

I). (,! 

• ~ I 

· " 
9'~9 

." 
II! . ~2 

., , 

.0, 

. ., 
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SENSITIVITY ANALYSIS

( 8.00 PERCENT DISCOUNT RATE)
KEN SHILLING/HECTARE

CHANGE IN1
NPV WFW SEV SR

DUE TO A 1.0

PERCENT CHANGE IN

1 NURSERY 60.80 224.95 83.31 6.17

2 LAND PREPARE 47.80 176.86 65.50 4.85

3 PLANTING 15.22 56.31 20.85 1.54

4 PLANT SURVEY 1.09 4.02 1.49 .11

5 BEATING UP 3.04 11.26 4.17 .31

6 VEED/NG 33.91 125.47 46.47 3.44

7 TIRE PROTECT 1.19 4.40 1.63 .12

8 OTH. PROTECT 1.03 3.81 - 1.41 '10

9 VE/EOUIP PUR 24.56 90.86 32.65 2.49

10 VE/EQU/P RUN 54.65 202.22 74.90 5.55

It VE/EOU INHER 4.54 17.91 6.63 .49

12 TOOLS/STORES 3.97 14.68 5.44 .40

13 TOOLS /NHER .39 1.44 .53 .04

14 BUILD CONSTR 21;54 79.70 29.52 2.19

15 BUILD MA1NT 16.13 59.69 22.11 1.64

16 BUILD REPLAC 10.44 38.65 14.31 1.06

17 DU/LD 1NHER 8.58 31.75 11.76 .87

IS ROAD CONSTRU 45.39 167.94 62.20 4.61

19 BOAD HA/NI 5.07 18.77 6.95 .51

20 ROAD INHER 6.58 24.36 9.02 .67

21 STAFF REQUIR 107.65 398.30 147.52 10.93

22 OFFICE RUN 6.13 30.10 11.15 .83

23 HARVEST 182.43 675.00 250.00 18.52

24 VE/ECU SALVO 1.31 4.84 1.79 .13

25 TOOLS SALVO .11 .39 .14 .01

26 BUILD SALVO 4.36 16.12 5.97 .44

Table 6, Financial Analysis for Pulpwood - Turbo
(8% discount rate)

Original analysis KSh/ha
net present worth (NPW) 2 938.07
net future worth (NFW) 10 870.92
uoil expectation value (SEV) 4 026.24
soil rent (SR) 298.24

NINO 50 MO

APPEEMC 4
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Table 6, Pi_notal Ana~h tor Pulpwood - Turbo 
(~ dt.oouni raie) 

Origi_l a_~ia 

nei pr .. eni worih (IIPW) 

Dei fUiure woMh (II'J'II) 

Boil expeoiaUon value (SEV) 

Boil reni (sa) 

SENSITIVITY ANALYSIS 

ICSh/ha 
2 9.38.07 

10 870.92 
4 026.24 

298.24 

a.oc PERCENT DISCOUNT RATt) 
KEN SHILL ING/HECTARE 

DUE f8 A I,D 
PERCENT CHANGE IN 

NUP'S~'( 

2 l.AN D PREPAAE 

:J Pl.ANTlNQ 

.. PLANT SURVEY 

5 BEATING UP 

6 VtEDING 

7 flRt PRIlTECT 

e OTH. PROTECT 

'" VEl EQUIP PUR 

10 UE/EQUIp RUN 

II VE/Eau INHER 

12 TODLS/STORES 

13 T08LS INliER 

14 BUILD ceNSTR 

IS DUILD MAINT 

16 BUILD "[PLAC 

11 BUILD INtlER 

Ie ReAD C2NSTRU 

19 f'.l'lAD HAINT 

20 ROAD 1NHER 

21 STAfF REQUIR 

22 efrlet RUN 

23 }lARUEST 

ell VE/£QU SALva 

25 ToeLS SALva 

26 BUILD SALva 

NPV 

60.80 

15.22 

'.09 

J3.91 

1.19 

,.03 

4.&4 

. ,. 
21.5" 

4$.39 

6 o!5B 

101·65 

8013 

l.ll 

CHANGE IN I 
NFV StV 

56.31 

11.26 

202.22 

17.91 

111068' 

79.10 

59.69 

38.65 

31.75 

111.17 

24.36 

39B·30 

30·10 

615.00 

. ,. 
16.12 

83.31 

65.50 

eo.a5 

Ad7 

A6. A7 

1.63 

,. AI 

33.65 

", . 90 

6.63 

." 
29.52 

e2.11 

IA.31 

11.76 

9.02 

IAl . 52 

II. I 5 

250.00 

1.19 

." 
5.97 

SR 

012 

01. 

• •• 
". ••• 

e.19 

." 
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PWAYACE

Thie ia one in a series of case studies of forestry and forest industries projects
that has been prepared by the Food and Agriculture Organization of the United Nations (FAO)
in order to demonstrate methods of idshtifyibgp preparing and appraising projects in the
foreat sector. The programme of ease atudios ha m been made posible by a special allocation
to FAO for this purpose from the Swedish International Development Authority (SIDA).

Tho Project reported en in this case atudy ie a project of the Government of Zambia
Which has been supp,arted by a loan from the World Bank. The case ¡study is based largely
on material contained in en appraisal of the Project carried out by the World Bank (Report
No. 1429-ZA, 20 April 1977). Additional information was gathered through a visit to the
Project duriaag 1977. The case study therefore describes the Project as it was perceived
at that time. This material has been.released to FAO by the World Bank and the Govern,
nent of Zambia exclusively for the purpose of teaching forestry planning methods. It may
not be quieted or reproduced in part or in whole without permission.
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INTRODUCTION

This éase study is based upon a Project whichforms part of Zambia's continuing
forestry and forest industry development programme.1J

It is a five-year "time-slice" project, covering planting and maintaining 19 500 ha
of industrial forestry plantations during 1978-82, maintaining existing plantations during
that period, logging and transporting 120 000 m3 annually from pre-project plantations,
and establishment and operation of a sawmill to produce about 46 000 mi of sawnwood annually
from pro-project plantations. It is the second such five-year project within the programme,
and it is envisaged that it will be followed by further projecae. The project costs over
the five-year period total approximately USS 33.7 million.

3e The case study is divided into three parts. Section A gives background information
on the country, the forest sector and the industrial forestry programme. Section B pro-
vides technical details about the Project, including estimates of input requirements and
output levelse Section C contains analyses of Project coste and Project benefits, and a
comparison of oosts and benefits. This includeo an examination of the sensitivity of the
economic rate of return (ERR) of the Project, and of some of its component parts, to changeo
in aesumptione about input and output values.

This case study providee a beeis for discueoion of a number of ii381108 that commonly
coour in planning and analysing joint forestry and forest industry projects. These centre
named the relationahip of the different components to each other (e.g., harmonizing the
timing and scale of tree growing and processing, the relationship of the species properties
to the final product requirements, and valuing the roundwood which constitutes the output
of the forestry component of the project and an input into the industries oomponent). The
case study also covers other points which often arise in analysing afforestation projects
(e.g. the shadow prioing of land, labour and project outputs).2/ It also illustrateo issues
related to the analysis of "time-slice" projects.

A. BACKGROUND

General

Zembia is a land-locked country in central Africa. The total eurface area i.e about
735 000 ka2 and the population is nearly 5 million. Zambia has a sub-tropical climate,
with a warm wet ¡season from November to April, a cool dry seaeon from May to September and
a hot dry season frem September to November. Average annual rainfall decreaees from about
1 300 mm in the northwest to about 800 mm in the central region, around the capital, Lusaka.

GNP per capita is about $540 (1975). Copper mining dominates the economy, accounting
for mere than 90 percent of exports and about 25 percent of GDP in 1975. Although manufac-
turing, servicee, transport and communications have all been growing rapidly, aggregate
growth has been slow due to near etasnation in mining and a low growth rate in agriculture.
Agricultural production doeo not yet adequately reflect the country's huge and usable land
resources. The "agriculture, forestry and fishing" group accounts for less than 10 percent
of GDP,.

17-Policiesi and practices described in this case study are not neceeearily thoee actually
employed in Zambia either at prenent or during the period covered by the Preject.

Par additional ceverage of industrial afforestation project issues Gee also Case Study
Do. 4: Kenya I Saulog and Pulpwood Plantaaion Project, and Cape Study No. 5: Kenya II
Sawlog and Pulpwood Plaatation Preject.
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Forest Resources and Wood Utilization

About 50 percent of the total area of Zambia is classified as forest land, the
greater peat of which is open woodland (Hmiombon). The natural hardwood forests have so
far been providing all the countryis requirements o'f fuelwood, most of its pies and smme
of its sawnwood, particularly mining timber, while most of the sawn timber and wood-baeod
panela and all the paper products are imported. Acceeeible productive forests are
shrinking, and Zambia's needs for industrial wood of all kinds are rising fast and are
being met increaaingly from imports. In 1976 importo of forest products amounted to
USS 13 million.

The Government of Zambia has accorded high priority to the development of forest
resources so that in due couree it can become self-sufficient in meeting its timber re-
quirements including the products of wood-based industries. It also recognizes that forests
are important in providing protection against soil erosion and in maintaining river flowa.
To this end, the Government has established a National Forest Estatel/ of over 8 million ha
(some 9 percent of Zambiate total land area).

Forest management is the responsibility of the Forest Department (FT) of the
Ministry of Land, Natural Resources and Tourism (LNRT). To solve the problems of long
gestation periods and difficult commercial exploitation associated with the indigenous
species, the Forest Department about 30 yeare age began the planting of fast-growing
exotic species (mainly Pine and EUcalyptus). This was followed in the 1960's by the
creation of an Industrial Plantations Division (IPD) within the Department to handle
the then considerably expanded affereetation programme.

Roundwood consumption wee estimated in 1975 to be about 5 million m3 of which some
4.5 million m3 was fuelwood and charcoal. Other uses of roundwood include poles for
building and fencing and other domestic purposes. The main industrial uses of roundwood
are as polea for the mining industry (pit-props and smelter and refinery poles), trans-
mission poles (power, telegraph and telephone)i building poles and fence poste. The
current demand for sawnwood is about 100 000 ma, about half of which is importad.

Primary forest industries in Zambia consist essentially of sawmilling and the con-
version of EUcalyptus roundwood to transmission poles and posts. Although IPD started
sawmilling of exotic species in 1970, more than 80 percent of all sawmilling in Zambia
(i.e. all non-IPD sawmilling) is still based on indigenous timber. Excluding pit sawing
and a few small local saws, about a dozen eaemille account for over 90 percent of all
sawmilling.

120 Many sawmille in Zambia have in the past operated below capacity, but the situation
has improved considerably in recent years, as obviously misplaced sawmills went out of
business, and those remaining in business have begun to opera-te at or near full capaoity.
The only IPD eawmill operating below capacity - Dols Hill - ahould reach full capacity
production in a couple of years When more mature pine will become available.

13. For many years, most of the transmission poles (electricity, telephone, etc.) used
in the country were imported. Increasingly, however, locally-grown Eucalyptus poles are
being substituted for the imports.

1/The forest estate or reserves within which exploitation of foreat reaources is
closely supervised by the Foreat Department.
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140 ZaMbia's secondary foreet industries consist of a b/ockboard factory, a door
manufacturing company, and several joinery and furniture manufacturing enterprises all
using mainly #aperted weodo In the ten years 1964-741 Zambia imported annually on average
some 10 000 113-3 of plywood and bleckboard about 800 mi of particle board, some 5 200 m3
of fibreboard, and about 25 000 tons of paper. These importe suggest some scope for import-
substitution industries, using the smallwood and sawmill waste in the manufacture of one or
more types of wood-based panel with or without a pulp and papar mill.

15. Past studies have indicated that the optimum economic benefit to Zambia would result
from a programme which included a pulp and paper mill. This arises mainly becausa saw-
milling alone does not utilise all forest thinnings and results in about 60 percent waste,
and wood panel industries are relatively small users of such waste. Moreover, past studiee
have ahown that, by the mid-eighties, domestic demand for kraft and industrial papers would
be adequate to justify a pulp mill coming on stream. However, its cost may exceed Zambia's
oapability to mobilise the necessary finance in the next few years and so far no technioal
or commercial partner has been firmly identified. Accordingly, the timing of the establish-
ment ofapulp mili is uncertain and investments in afforestation should be justified on the
basis of eawmilling and wood-based panel manufacture alone.

The Industrial Forestry Programme

Ori in Conoep s

16. In 1949, the Forest Department started growing Pines on the Copperbelt, at first on
en experimental scale near Ndola, and then on an increasingly larger scale around Ndola
and west of Kitwe (sea map). The Government decided to embark on a long-term industrial
forestry programme on the Copperbelt and, in order to implement this programme, the
Industrial Plantations Division of the Forest Department was created in 1962. In the
aixties, Eucalypts were also tried and from 1967 onwards were planted on a large scale.
The main species were P. kesiya for Pines and E. grandis for Rucalypte. The target was
the planting of 40 000 ha by 1993, of which approximately 3/4 would be Pine and 1/4
Eucalyptus. The Government is now oonsidering increasing the target to at least 80 000 ha
before the turn of the oentury. The objeotivee of this planting programme are to supply:

most of Zambia's needs in sawn lumber, using mainly Pine when Pine
sawlogs become available in sufficient quantity;

smalLwood and sawmill waste, both of Pine and Eucalyptus, for a pulp and
paper mill and for various board mills;

(o) poles (Eucalyptus) of all kinds for smelting, telephone, transmission
and other uses.

17. By the year 2000, it ie believed that most of these needs can be met from domestic
supplies, provided the planting programme is implemented. Regarding sawnwood, however, it
is expected that aome imports will still be required to supplement domestic production.

18. By 1975 IPD, which had become a virtually independent and entirely self-accounting
unit, was employing a total staff of 134, of whom 13 were professional or senior officers,
and a total labour force of just over 1 000. Its activities included afforestation, con-
struction and road wonk, forest exploitation (logging and transport), wood processing and
marketing.

Phase I Project

19. The Project, whioh was managed by IPD, waa part of the Zambian Government's
Forest Development Programme and provided for the annual planting of 1 000 ha each of
Pino (mainly Po kesiyd) and Eucalyptus (mainly Eo grandis) over an 8-year period (1969-1976).
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Origin. Concept and Objeotives 

16. In 1949, the l"orest Department started growing Pines on the Copperbelt, at CirBt on 
an experimental 80ale near lidola, aDd. then on an inoreasingl,y largtlr Boale around lidola 
aDd. veBt ot Kitwe (see lIap). The Government deoided to embark on a long-term induBtrial 
tore.try progr8lllll1e on the Copperbelt and, in order to implement thiB progrlilllllle, the 
Industrial Plantations Division ot the ForeBt Department w.. created in 1962. In the 
aixties, Euoal,ypts vere alBo tried and troll 1967 onwardB w .. re planted on a large scal ... 
The llain Bpecies were 1:. keBila tor Pines and .l!l. grandis for Eucal,yph. The targ .. t was 
the plantiug ot 40 000 ha by 1993, of whioh approximatel,y 3/4 would b .. Pine and 1/4 
Euca],yptus. The GoveMlll8nt iB nov oonaid .. ring incr .. a.ing the target to at least 80 000 ha 
beto" the turn of the oentury. The obj .. otiv .. s of this planting progr ...... e ar .. to supply: 

(a) "",st of Z8IIlbia' B n .. eds in sawn lumber, using llainl,y Pine wh .. n Pine 
aawlogs beoome available in sutfioient quantity; 

(b) amBUwood and aa ... ill wa .. te, both ot Pine and Euoalyptus, for a pulp and 
paper lIill and tor variouB board millBI 

(0) poles (Euoalyptus) ot all kinds tor slIelting, telephone, transmission 
and other uses. 

17. By th .. year 2000, it iB believed that moBt of these needs oan be met from domeBtic 
supplies, provided the planting programme is iIIplemented. Regarding sawnwood, howev .. r, it 
iB expeoted that some imports will still be required to supplement domestic production. 

18. By 1975 IPD, which had beoome a virtuall,y independent and entirely self-acoounting 
unit, Waa ellploying a total Btaff of 134, of vhom 13 were profesBional or Benior officers, 
and a total labour foroe of just over 1 000. Its activities inoluded afforestation, con­
struction and road work, torest exploitation (logging and transport), wood processing and 
mark .. ting. 

Phase I Pro jeot 

19. The Project , whioh Wa& managed by IPD, W&8 part ot the Z ... bian Government's 
ForeBt Developillent Programlle and provided tor the annual planting of 1 000 ha e'ach ot 
Pin .. ( ... a1nl,y P. bsila) and Eucal,yptus (mainly !: grandis) over an 8-year period (1969-1976). 
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The Pine would be grown on a 30year rotation at a mean annual volume increment rate of
approximately 17 mi/ha, while the Eucalyptus would be grown on a 12year rotation with a
mean annual increment of 18 m3/ha. It was anticipated that over 90 percent of the Pine
production and about half of the Eucalyptus production would be used for sawlogs and
construction timber, the balance being for poles of various kinds.

The total plantation target of 16 000 ha was reached in 7 years instead of 8, but,
based on a reassessment of wood requirements, the ratio of pine to eucalyptus was 72:26
instead of 50:50. The pine management regime was also revised, in order to reduce the
quantities of amallwood produced early in the rotation. The mean annual increment of P.
kesiya is now considered to be around 14 m3/ha 3 m3 lesa), after due allowance for losses,
but that of E. grandis is probably around 25 m3 ha (7 m3 more). P. kesiya is now grown on
a 25 year rotation.

Two new species were introduced into the planting programme on a fairly large scale:
Pinus pocarpa and Eucalyptue cloeziana. This was partly to achieve diversifioation to
reduce the risks of disease, poor performance, etc. In addition E. oloeziana has better
stem form than E. grandis, which should lead to better recovery in sawmilling, and it is
better for transmission poles and mine use. Though it has slower initial growth, it tends
to catch up with E. grandis later in the rotation. Similarly, P. oocarpa has better form
than P. kesiya (small branches; less susceptible to wind sweep); and is also a slow
starter which tends to catch up later.

Costs have proved to be high, mainly due to the intensive land clearing and prepara-
tion necessary in order to aohieve high yields. Research is currently focused on reducing
these costa, and on offsetting them to a greater degree by using more of the wood from the
cleared woodland for charcoal production and sale.

The main iesue that plagued the first project was that of uncertainties surrounding
development of industries to process the projeot output. As sufficient processing
capacity was not available elsewhere in the country, IPD was obliged to expand the scope
of the projeot to include harvesting and sawmilling. Uncertainty about the timing,
scale and technical specifioations of the expected panel and pulp industries hindered
the planning and management of the plantations.

B. TEE PROJECT

General Description

The Project would, during the five years 1978 through 1982, continue IPD's long-
term planting and maintenance programme, expand IPD's logging and sawmilling capacity, and
conduct atudies designed to lead to more economical and efficient land oleáring and charcoal
production. The Project would provide for:

about 3 500 ha of new plantations annually, of which about 3 000 ha
would be pine and about 500 ha eucalyptus;

replanting annually with eucalyptus of approximately 400 ha of clear-
felled plantatione;

( o ) maintenance ef (a) and (b), together with all existing IPD plantations;

(d) doubling of In' logging an4
60 000 m3 to about 120 000 m-1

transportation capacity from about
roundwood per year;

=-=1

(6) construction and equipment of a sawmill of about 46 000 m3 per year
sawnwoed capacity;

staff training and fellowships to facilita-te (a) to (e) above; and

research, experimentation and studies designed to reduce land clearing
costa ana to improve charcoal production methods.
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The Pine would be ~own on a 30-year rotation at a mean annual volume increment rate of 
approxilll&tely 17 ~/ha, while the a.cal,yptus would be grown on a 12-year rotation with a 
Mean annual inor~ent of 18 m3/ha. It was anticipated that over 90 percent of the Pine 
produotion and about half of the Eucalyptus production would be used for sBwlogs and 
oonstruotion timber, the balanoe being for poles of various kinds. 

20. The total plantation target of 16 000 ha was reached in 1 years instead of 8, but, 
baaed on a reaa.es .. ent ot wood requirements, the ratio ot pine to eucalyptus was 12.28 
inatead ot 50:50. The pine management regime was also revised, in order to reduoe the 
quanti ties ot smallwood produoed early in the rotation. The mean annual increment of P. 
kesiya is now considered to be around 14 m3/ha (3 m3 less), after due allowance for IOBses, 
but that ot !! grandis b probably around 25 m3/ha (1 .3 more). P. kesiya is now grown on 
a 25 year rotation. 

21. Two new speciea were introduced into the planting programme on a fairly large scale. 
~ oocarpa and Eucalyptus cloeziana. This was partly to achieve diversifioation to 
reduoe the risks ot disease, poor performanoe, etc. In addition E. cloeziana has better 
stem torm than ~ grandis , which should lead to better recovery in-saWIDilling, and it is 
better tor transmission poles and mine use. Though it has slower initial growth, it tends 
to oatoh up with ~. grandis later in the rotation. Similarly, P. oocarpa has better form 
than Ei kesiya (small branohes; l ess susceptible to wind sweep); and is also a slow 
starter which tends to catoh up later. 

22. Coats have proved to be high, mainly due to the intensive land clearing and prepara­
tien neoeesar,y in order to achieve high yields. Researoh is currently rocused on reducing 
these oosts, and on otfsetting them to a greater degree by using more ot the wood from the 
oleared woodland tor charcoal production and aale. 

23. The main issue that plagued the tirst project was that of uncertainties surrounding 
development ot industries to prooess the projeot output. As sufficient processing 
capaoity waa not available elsewhere in t he country, IPD was obliged to expand the scope 
ot the projeot to inolude harve8ting and sawmilling. Unoertainty about the timing, 
80ale and teohnioal speoitioations ot the expected panel and pulp industries hindered 
the planning and management ot the plantations. • 

B. THE PROJ!X:T 

General Desoription 

24. The Projeot would, during the five yeara 1918 through 1982, continue IPD's long-
tar. planting and maintenanoe programme, ·expand IPD's logging and sawmilling capacity, and 
oonduot studies designed to lead to more economical and etfioient land oletring and charcoal 
produotion. The Projeot would provide for. 

(b) 

(0) 

(d) 

about 3 500 ha ot new plantations annually, ot which about 3 000 ha 
would be pine and about 500 ha eucalyptua; 

replanting annually with eucalyptus of approximately 400 ha of clear­
telled plantation!!J1 

aaintenance of (a) and (b), together with all existing IPD plantations; 

doubling ot IPD'S logging and transportation capacity from about 
60 000 m3 to about 120 000 m3 roundwood per year; 

(e) oonstruction and equipment of a aawmill of /1-Dout 46 000 .. 3 per year 
aaxnwoad oapacity; 

(f) atatt training and fellowships to facilitate (a) to (e) above; and 

(g) reaearoh, experimentation and studies designed to reduce land clearing 
ooata ani te i.prove charcoal produotion methods. 
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Plantation azintenance costs have been capitalized in accordance with normal
plantation 'practice and ino/uded in Prejeot oeste for the plantation development period.
1.1/ operating costs beyond the five year Project period are excluded from Projeot costs.
The Projeot would be iaplemented by IPD.

The ?reject Area

The Project ama (see map) in situated en the Copperbelt around the towns of Ndola
and Kitwe. The new plantations would be extensionm of the existing plantations. There are
two main bloaks: the first is north and west of Ndola and is generally extending towards
Kitwe (this is mostly under Pine); the aeoond is located some 20-50 km west of Kitwe, centre(
around Chati, with a small forest industrial complex (KITE), and is extending mainly north
anti south (moat of the eucalyptus is planted here, though there is also some pine).

Forest plantations are only created inside National Forests. There is, therefore, no
land tenure problem. Farthermore, there is an abundant supply of other arable land in the
area, and coneequently no pressure to use National Forest land for cultivation. The planta,
tions are on good soils, which are readily available on the Copperbelt. Over 500 000 ha of
land, or almoat 20 percent of the total area of the Copperbelt Province, are reserved under
the Foresta Act, of which lees than 20 000 ha would be planted under the Project. Of some
300 000 ha sampled, about 90 000 ha have been found suitable for tree-planting. The land
is generally flat, undulating very gently and varying in altitude from about 1 500 m in the
north to about 1 200 m in the south, Average annual rainfall in the Project area is about
1 200 - 1 300 mm, falling mainly from late October to early April. Mean temperatures are
15°C ir winter azul 23°C in mummer. Although violent thunderstorms and torrential raine are
oommon during the wettest menthe, strong winds are rare, and there are only about three
nights of frost a year on the average. In short, conditions inside the Project area are
excellent for growing pines and euoalyptus.

There is no need within the foreseeable future to plant fuelwood on the Copperbelt,
as large areas of woodland are being clearfelled annually for afforestation, and enough
firewood and charcoal Should be obtained from these areas to supply all the needs of the
Copperbelt. This region aleo contains the greatest concentration of population, industrial
development and wealth, hence of potential markets. The area is well served by public roads,
foreet roads and tracks, and a railway line.

Once the choice of a si-te for the proposed pulp and paper mill has been settled, it
would be desirable to locate all future sawmills, the pulp and paper mill, and wood-based
panel manufacture within the same complex, in order to minimize wood transport costa and
fully utilize the infrastructure within the complex. In the meantime, the Project sawmill
will be located at Chati beoauee it is nearest the immediately available roundwood source,
and there is already sufficient infrastructure - official buildings, roads, water and
electricity - as well as labour and scarce managerial talent there which can be utilized
by the new sawmill.

Afforestation Referestation azul Maintenance (See Annex 1)

The detailed planting and replanting would be as follows:

Year

Area ha

Pine (new)
Eucalyptus

TotalNew Plantations Replanting

3 000 500 200 3 700
2 3 000 500 300 3 800

3 3 000 500 400 3 900

4 3 000 500 500 4 000

5 3000 592- 600 _1_122

liA22 2 500 2 000Total 19 500
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25. Plautation .aintenanoe coata have been oapitali.ed in aooerdanoe with norsal 
plantatieft 'practioe ani inolu4ed ift p ... jeot oeab for the pl&rltaUon developaent period. 
~ll eperating coata beyend the five year Projeot period .... ezolu4ed fro. Projeot coat •• 
The Project would lie i.ple.ented lIT IPD. 

The Pr!jeot Area 

26. The Prejeot area (8ee .... p) ia aitua'hd en the Copperbelt around the towns of lIdola 
ani ntwe. The new pl&rltatiollII would be enenaiona of the existing plantatiollll. There are 
two .ain blocka, the firat ia north ani w.st of lIdola and ia generallT extending towards 
ntwe (this is .oatlT under Pine); the aeoend ia looated ao.e 2Q-50 Em west of Kitwe, centre. 
around Chati, with a l1li&11 forest i%IIluatrial oo.plex (lCITB), and ia extending .... inlT north 
and aouth (&Oat of the euoal7Ptus is pl&rlted here, though there ia alao aome pine). 

27. Pore8t pl&rltatione are onlT created inside lIational Forests. There is , therefore, no 
land tenure problem. Purthermore, there ia an abundant sUPPlT of other arable land in the 
are., and oonsequentlT no presaure to use lIational Forest land for cultivation. The plant ..... 
tions are on good soils, whioh are readilT available on the Copperbelt. Over 500 000 ha of 
land, er alIIoilt 20 peroent of the total area of the Copperbelt Province, are reaerved under 
the Por.ata Act, of which lesa than 20 000 ha would be planted under the Project. Of some 
300 000 ha a .. pled, about 90 000 ha have been found suitable for tree-planting. The land 
ia generallT flat, undulating very' gentlT and vary-ing in altitude from about 1 500 m in the 
north to about 1 200 10 in the sOl1th. Average annual rainfall in the Project area is about 
1 200 - 1 300 _, falling II&1nlT from late Ootober to earlT April. lIean temperatures are 
15GC in winter and 23°C in au.er. Although violent thunderstorms and torrential rains are 
oomaon during the wettest months, strong winds are rare, and there are onlT abol1t three 
nights of frost a year on the average. In short, oonditions inside the Project area are 
exoellent for growing pinea and euoalyptua. 

28. There ia no need within the foreseeable future to plant fuelwood on the Copperbelt, 
as large areas of woodland are being oleartelled annuallT for arforestation, and enough 
firewood and charcoal· should be obtained from these areas to sUPPlT all the needs of the 
Cepperbelt. This region alao oontains the greatest ooncentration of population, industrial 
developaent and wealth, henoe of potential markets. The area is well served by publio roads, 
fore at roads and traolts, and a railw",," line. 

29. Once the ohoioe of a Blte for the propoaed pulp and paper mill has been settled, it 
would be de.irable to looate all future sawmills, the pulp and paper mill, and wood-baaed 
panel JI&IIutaoture within the same complex, in order t o minimize wood transport oosts and 
tully utilise the infrastructure within the oomplex. In the meantime, the Projeot sawmill 
will be looated at Chati beoauBe it is neareat the immediately available roundwood Bource, 
and there ia already auffioient infrastructure - offioial buildings, reads, water and 
electricity - as well as labour and soarce managerial talent there which can be utilized 
by the new aavaill. 

~ferestation, Reforestation and llaintenance (See Annex 1) 

30. The detailed planting and replanting would be as foilowsl 

Area (ha) 

EuoalD!lius 
I!!!: Pine (new) Jlev Plantations Rel!lanting !2i!! 

1 3000 500 200 3700 
2 3000 500 300 3800 
3 3000 500 400 3900 
4 3000 500 500 4000 
5 3000 500 600 ~ 100 

Total 15 000 2500 2000 12 ~oo 
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It is assumed that about 60 percent of the pine would be Pinus kesiya and 40 percent
Pinus oocarpa and other species, and that about 2/3 of the Eucalyptus would be E. grandia
and 1/3 E. cloeziana and other species. These proportions ensure good average yields, while
providing some diversification, as well as sufficient supplies of wood for specific pur-
poses (e.g. E. cloeziana for poles).

"Miombo" woodland would be cleared prior to planting. The soil would then be
prepared by disc-harrowing. Both pine and eucalyptus would be raised in polythene tubes.
The planting distances would be 2m70 x 2m70 (1 370 plants per ha) for pine and 3m60 x 3m60
(770 plants per ha) for eucalyptus. Borate would be applied to eucalyptus plantations at
the time of planting, but no fertilizers would be used for pine. Very intensive weeding
would be reauired during the first 3 years for pine, but for 1-2 years only for eucalyptue.

Land clearing for afforestation would continue to be done initially by local con-
tractors but would be gradually taken over by IPD during the Project. This transfer has
been necessitated by the decline in competition and high prices charged by the remaining
private contracting capacity. Road and other construction and maintenance, as Well as the
sawmill building, would be carried out by competitive bidding advertised locally or by IPD
itself if this proves less expensive.

Pine would be pruned at 5, 6 and 11 years, thinned at 11, 14 and 19 years, and
clearfelled at 25 years. Eucalyptus would be pruned at about 2 years, thinned at 5 and 8
years, and clearfelled at 12 years.

Road Construction and Maintenance

The required road density has been estimated at 10 km of access roads (total 175 km),
3 km of "logging" roads (total 53 km) and 31 km (total 543 km) of compartment roads per
1 000 ha of new plantations. Road maintenance is estimated at 10 percent of capital costs per
annum for all categories of roads.

Protection

So far pines have been remarkably free from pests and diseases. Nursery techniques
are so well developed that losses caused by "damping off" fungi are minimal, and there is
no problem of mycorrhiza. Scattered dieback does occur, probably caused by some pathogenic
fungi, but this is not a problem.

Eucalyptus, on the other hand, particular]' E.graris, are liable to attack by both
insects and fungi. The Eucalyptus Longhorn Bark Bee-tles Phoracantha 222.) may cause serious
losses in some Eucalyptus plantations at Chati, to such an extent that certain areas are no
longer planted or replanted with Eucalyptus. Moetly pole crops are affected. Various
control measures have been tried, but so far with little or no success. Research is con-
tinuing in this field. Concern has also been expressed about the incidence of heart-rot
in the lower part of the stem of E. grandis, but this disease does not appear to be serious,
especially in view of the relatively short timber rotation adopted for this species (12 years).

The fire hazard is high on the Copperbelt, particularly in pine plantations 5 to b
yeare old. External firebreaks 15 m wide would be constructed and maintained around all
plantations. Internal roads would be used as firebreaks, and 20 m strips would be main-
tained on either side of main roads. The main fire protection measure would be controlled
burning of firebreaks and plantations while there is a serious fire hazard. Finally, fire
control would involve maintaining fire-fighting vehicles, equipment and fire towers, as
well as manning fire crews.
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31. It is assumed that about 60 peroent of the pine would. be f!.!!!:! kesiya and 40 percent 
Pinus oooar a and. other speoies, and. that about 2/3 of the Euoalyptus would be E. grand.is 
~ 3 ~ oloeziana and other speoies. These proportions ensure good. average yields, while 
providing some diversifioation, as well as suffioient supplies of wood for specifio pur­
poses (e.g. ~ cloeziana for poles). 

32. ''Miombo" woodland would. be oleared prior to planting. The soil would then be 
prepared by disc-harrowing. Both pine and euoalyptus would be raised in polythene tubes. 
The planting distances would. be 2m70 x 2m70 (1 370 plants per ha) for pine and 3m60 x 3mbO 
(770 plants per ha) for eucalyptus. Borate would. be applied to eucalyptus plantations at 
the time of planting, but no fertilizers would be used for pine. Very intensive weeding 
would. be required. during the first 3 years for pine, but for 1-2 years only for eucalyptus. 

33. Land clearing for afforestation would continue to be done initially by local con­
tractors but would be gradually taken over by IPD during the Projeot. This transfer has 
been necessitated by the decline in oompetition and high prices charged by the , remaining 
private contracting capacity. Road and. other construction and maintenance, as well as the 
sawmill building, would be carried. out by oompetitive bidding advertised locally or by IPD 
itself if this proves less expensive. 

34. Pine would be pruned at 5, tl and 11 years, thinned at 11, 14 and 19 years, and 
clearfelled at 25 years. Eucalyptus would be pruned at about 2 years, thinned at 5 and ~ 
years, and clearfelled at 12 years. 

Road Construction and Maintenance 

35. The required road density has been estimated at 10 k'D of access roads (total 175 km), 
3 km of "logging" roads (total 53 km) and 31 km (total 543 km) of compartment roads per 
1 000 ha of new plantations. Road maintenance is esti'Dated at 10 percent of capital costs per 
annum for all categories of roads. 

Protection 

36. So far pines have been remarkably free from peste and diseases. Nurser.y techniques 
are 80 well developed that losses caused by "damping oftn fungi are minimal, and there is 
no problem of ~corrhiza. Scattered dieback does occur, probably caused by some pathogenic 
fungi, but this is not a problem. 

37 . Eucalyptus, on the other hand, part,cularlo' !!!. grandls, are liable to attack by both 
insects and. fungi. The Eucalyptus Longhorn Bark Beetles (Phoracantha ~.) may cause serlOUS 
losses in Borne EucalyptuB plantations at Chati, to such an extent that certain areas are no 
longer planted or replanted with Eucalyptus. Mostly pole crops are affected. Various 
control measures have been tried, but BO far with little or no success. Research is con­
tinuing in this field. Concern has also been expressed about the incidence of heart-rot 
in the lower part of the stem of ~ grand is, but this disease does not appear to be serious, 
especially in view of the relatively short timber rotation adopted for this species (12 years). 

38. The fire hazard. i8 high on the Copperbelt, particularly in pine plantat ions 5 to b 
years old. External firebreaks 15 m wide would be constructed and maintained around all 
plantations. Internal roads would be used as firebreaks, and 20 m strips would be main­
tained on either side of main roads. The main fire protection measure would be controlled 
burning of firebreaks and plantations while there is a serious fire hazard.. Finally, fire 
control would involve maintaining fire-fighting vehicles, equipment and fire towers, as 
well as manning fire crews. 



Project Management

Provision would be made for all IPD personnel during the plantation development
period. The staff would include a Director, a Financial Controller, 3 Conservators,
3 Auditors and Senior Accounts, 11 Engineers, Managers and Senior Forest Officers, and
technical, clerical and an accounting supporting staff. Provision is included for
salaries and all the usual civil eervice allowances. Provision would also be nade for
the cost of all surveys and for the running of the IPD Training Centre. Baseline project
administration and overhead expenses are estimated at K million. These costs exclude
logging, sawmilling, and other operating costs which should be recovered from annual
revenues.

Buildings and Housing

Additional housing would be provided for IPD staff and workers. Provision would
also be included for normal building maintenance. Total baseline costs of house construc-
tion and maintenance are estimated at K 2.7 million. (Details in Annex 1).

Equipment and Vehicles

The project would require investment in equipment for afforestation (land clearing,
soil preparation, transport of labour and materials, and all fire protection measures),
road construction and maintenance, construction of buildings, for workshops and garages,
and for administration. (Details in Annex 1). Provision would also be made for tools,
office and workshop equipment and an adequate supply of essential spare parts. The
project workshops would be responsible for the repair and maintenance of projoct vehicles
and equipment.

Logging and Transport

All logging and log transport will be carried out by the Logging Section of IPD.
Its logging and transportation operations consist of fellin47 and bucking with chainsaws,
bowsaws, and axes; skidding with tractors of various sizes; loading with a front end loader
or small hydraulic crane mounted on a tractor; hauling by truck or log trailer; and unload-
ing with a large hydrqulic crane. In 1975 the Logging Section felled, extracted and trans-
ported about 60 000 m of roundwood, mostly in the Chati-Lamba division. As of June 1976
the Logging Section employed some 120 persons, including six supervisory staff.

The Project provides for the logging and transport capacity of IPD's Logging Section
to be doubled to enable it to supply the project sawmill, through the phased acquisition of
lb small to medium sized tractors, 4 small hydraulic tractor-mounted loaders, 12 logging
trucks of 15-ton and 2 of 35-ton capacity, 2 tippers of the dump truck variety, each of
10 m3 capacity, two 5-ton trucks and a small grader, 2 four-wheel drive transporters and
3 motorcycles.

Sawmill (See Annex 2)

Existing IPD sawmill capacity will be fully utilized by 197d. Log supply projec-
tions indicate that thereafter additional capacity will be needed. The project therefore
includes provision for a new sawmill capable of producing about 23 000 un5 sawnwood annually
on a single shift of b hours, or 46 000 m3 on a double shift. The sawmill will be located
at Chati - the present home of Kafubu Industrial Timber Enterprises (KITE) - to saw mainly
IPD's Eucalyptus logs in the first instance, and mainly pine starting from about 19b2. The
Project provides for the cost of a sawmill building with a concrete slab, and all costs of
importing, transporting to Chati, and installing the sawmill and ancillary equipment.
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Projeot Management 

39. Provision would be made for all IPD perso,,;,el during the plantation developlOent 
period. The staff would include a Director, a Financi al Controller, 3 Conservators, 
3 Auditors and Senior Aooounts, 11 Engineers, Managers and Senior Forest Offioers, and 
technical, clerical ard an accounting ,supporting staf~. Provision is included for 
salaries and all the usual oi vi 1 :service a llowances. Provision would also be made for 
the ooat of all surveys and for the running of the IPD Training Centre. naseline projeot 
administration and overhead expenses are estimated at K 2.4 million. These coats exclu~e 
logging, Bawmi11ing, and other operating oosts whioh should be recovered from annual 
revenues. 

Buildings and Housing 

40. Additional housing would be provided for IPD staff and workers. Provision would 
also be included for normal building maintenance. Total baseline coats of house construc­
tion and maintenance are estimated at K 2.'1 million. (Details in Annex 1). 

Equipment and Vehioles 

41. The project would require investment in equipment fot" afforestation (land clearing, 
soil preparation, transport of labour and materials, and all fire protection measures), 
road construction and maintenance, construction of buildings, for workshops and ~arages, 
and for administration. (Details in Annex 1). Provision would also be made fot' tools, 
office and workshop equipment and an a.1equate supply of ess ::> ntial spare parts. The 
project workshops would be responsible for the repair and maintenance of proj ~ct vehl.cles 
and equipment. 

Logging and Transport 

42. All logging and log transport wi 11 be carried out by the Log'(in" Sechon of IPD. 
Its log~ing and transportation operations consist of felli~ and bucking with chaineawB, 
bowsaws, and axes; skidding with tractors of various sizes; loading with a front end loader 
or small hydraulic crane mounted on a tractor; hauling by truck or log trailer; and unload­
ing with a large hydr~ulio crane. In 19'75 the Logging Section felled, extracted and trans­
ported about 60 000 m of roundwood, mostly in the Uhati-Lamba division. As of June 1976 
the Logging Section employed some 120 persons, inoludint; six supervisory staff. 

43. The Project provides for the loggin~' and transport capacity of IPD's Lo~ging ~ection 
to be doubled to enable it to supply the project sawmill, through the phased acqu,sition of 
1ti small to medium. sized tractors, 4 small hydraulic tractor-mounted loaders, 12 log3'in~ 
truoks of 15-ton and 2 of 35-ton oapacity, 2 tippers of the dwnp truck variety, each of 
10. m3 capacity, two 5-ton trucks and a small grader, 2 four-wheel drive transporters and 
3 motorcycles. 

Sawmill (See Annex 2) 

44. Existing IPD sawmill oapacity wi.!l be fl.\lly utilized by 197tl. Log supply projec-
tions indicate that thereafter additional oapaoity will lie needed. The project therefore 
inoludes provision for a new s"wmill capa~le of producing about 23 000 ,.3 sawnwood annually 
on a single shift of tl hours, or 46 000 m on a double shift. The sawmill will be located 
at Chati - the present home of ,Kafubu Industrial Timber Enterprises (KITE) - to saw mainly 
IPD's Euoalyptus logs in the first instanoe, and mainly pine starting from about 19d2. The 
Project provides for the oost of a sawmill building with a conorete slab, and all costs of 
importing, transporting to Ch"ti, and installing the sawmill and ancillary equipment. 
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staff Training and Fellowships

The Project would provide for the training costs of Zambians required to replace
expatriate staff on short-term contracts now heading many of the units and sections in 1PD.
The local training of mechanics and artisans will be intensified in order to ensure an ade-
quate supply of this class of workers for IPD.

Trials on Land Clearing and Charcoal Production

Land-clearing operations as currently practiced on the 0opperbelt prior to tree
planting are extremely costly. These land-clearing practices are necessary in order to
get the high yields achieved. However, in a country in which fuelwood and charcoal are tne
chief source of fuel* there appears to be scope for using the trees pulled down by bull-
dozers for these purposes; at present most are simply burnt on the spot. With the twin
objectives of reducing the net costs of land clearing and of furthering the development
of efficient charcoal production for domestic markets, the Project would provide about
K 225 000 for equipment, materials, labour, supervision, and 6 man-months of consultancy,
to be spent on land clearing and charcoal production trials.

Future Supply and Demand of Wood Raw Materials

Allowing for normal losses at various stages of plantation activity, the mean
annual increment is expected to be 14 m3/ha for Pinus kesiya and il m3/ha for other pines
on a 25-year rotation. For Eucalyptus, it is expected to be 25 m3/ha for E. p-randis and
15 m3/ha for other Eucalyptus species on a 12-year rotation. Sawlogs would represent
about 66 percent of the total volume pines, while sawlogs and large poles would represent
about 60 percent of the total volume of eucalyptus products. (bee Annex 3, Table 1). The
remaining volume would represent smallwood which, at the moment, is largely wasted, but
which would be the basic raw material for any future pulp and paper mill or wood-based
board industries.

Under these assumptions, output from the Project should develop as shown In Table
and overall IPD wood production is expected to increase as indicated in the table below,
where it is compared with projections of national wood demand:

National Demand

Volume '000 m3 Roundwood Equivalent

2000

4

1975 1900 1990

500
250

70

200

CO
25
100

5 000

325
90

235

135

30

195

6 000

530
145

415

420
40

515

7 000
060
235

675

465
45

700

Fuelwood
Sawnwood
Poles
Other (paper and wood-

based panels)

IPD Production

Sawnwood
Poles
Smallwood and sawmill waste
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~taff Training and Pellowships 

45. The Projeot would provide for the training oosts of Zambians required to replace 
expatriate staff on short-term contraots now heading many of the units and sections in IPD. 
The local training of meohanios and artisans will be intensified in order to ensure an ade­
quate supply of this class of workers for IPD. 

Trials on Land Clearing and Charcoal Production 

46. Land-clearing operations as currently practi" ed on the Gopperbelt prior to tree 
planting are extremely costly. These Land-clearing practices are necessary in order to 
get the high yields achieved. However, in a country in which fuelwood and charcoal are tne 
ohief souroe of fuel , there appears to be soope for using the trees pulled down by bul l­
dozers for these purposes; at present most are simply burnt on the spot. With the twin 
objeotives of reduoing the net oosts of land olearing and of furthering the development 
of effioient charooal produotion for domestio markets, the Projeot would provide about 
K 225 000 for equipment, materials, labour, Bupervision, and 6 man-months of 'consultancy, 
to be spent on land olearing and oharooal produotion trials. 

Future Supply and Demand of Wood Raw Materials 

4'7. Allowing for normal losses at various stages of plantation activity, the mean 
annual inorement is expeoted to be 14 m3/ha for ~ kesiya and 1.1 m3/ha for other pines 
on a 25-year rotation. For Eucalyptus, it is expected to be 25 m3/ha for E. grandi" and 
15 m3/ha for other Euoalyptus species on a 12-year rotation. Saw logs would represent 
about 66 peroent of the total volume pines, while saw logs and large poles would represent 
about 60 peroent of the total volume of euoalyptus products. (~ee Annex 3, Table 1). The 
remaining volume would represent smallwood which, at the moment, is largely wasted, but 
which would be the basic raw material for any future pulp and paper mill or wood-based 
board industries. 

48. Under these assumptions, output from the Project should develop as shown in Table i, 
and overall IPD wood produotion is expeoted to increase as indicated in the table below, 
where it is compared with projections of national wood delna.nd: 

National Demand 

Fuelwood 
Sawnwood 
Polee 
Other (paper and wood-

based 

IPD Production 

Sawnwood 
Poles 

panels) 

Smallwood and sawmill waste 

Volume '000 1.3 Roundwood Equivalent 

4500 
250 
70 

200 

dO 
25 

100 

5 000 
325 
90 

235 

135 
30 

195 

6 000 
530 
145 

415 

420 
40 

515 

7 000 
d60 
235 

675 

465 
45 

700 



7STTMATED PROJECT OUTPUT 1/
(low m3)

1/ Derived from the average yield figures given in Annex 4, Table 1, and the areas planted annually

during 1978-82 (Annex 1)

One third of planting year 1978 felled in year 24 (2001) rather than year 25 (2002)

Loss of of useable volume asaumed in.clearfelled pine sawlog volume due to logging damage

Year Pine

-

Rioalyptus

Sawlogs Smallwood Sawloge Poles Smallwood

1978 - _ - -
1979 - - - -
1980 - - ..r - -
1981 - _ - - -
1982 - - - - -

1983 - _ _ - -
1984 - _ - - -
1985 - - 18.9 14.0 18.9

1986 - - 21.6 16.0 21.6

1987 _ - 24.3 18..0 24.3

1988 78.0 108.0 27.0 20.0 27.0

1989 78.0 108.0 29.7 22.0 37.9

1990 78.0 78.0 66.4 24.0 21.6

1991 180.0 192.0 74.7 27.0 24.3

1992 180.0 192.0 83.0 30.0 27.0

1993 102.0 84.0- 91.3 31.0 29.7

199A 102.0 84.0

1995
19Q6

10%0
108.0

8A.0
60.0

1997 108.0 60.0
1998 10e.0 60.0

1999 108.0 60.0
2000 108.0 60.0

2001(
2002/.2_,

107.61/
21

..

.3.da/

29.0
56.0

2003 326.03: 56.0
200A 326.07/ 56.0

2005 326.071 56.0
2006 326.01/ 56.0

Year Pin~ 

Sawl"~ , 

1978 -
1979 -
1980 -
1981 -
198? -
1983 -
1984 -
198') -
1986 -
1987 -
1988 78.0 
1989 78.0 , 
1990 7e.0 
1991 180.0 , 
1992 180.0 
1993 102.0 
1994 102.0 
199') tO~.(J 

1qQ6 10f\.0 
1997 108.0 
1998 108.0 
1999 108.0 
2000 108.0 
2OO1ft 107 .6~ / 
2002 .. ../ ' 213.41/ 
?OO3 326..01/ 
2004 326.0Y 
2005 326.0Y 
2006 ,26.011 

-

"S~!lATE!l PROJmT OUTPUT 2f 
(l000m') 

'Ehcalyptus 

Smallwood ' Sawlo~ Poles 

- - -- - -
, - .. -- - -- - -.. - - -

:t _ - - -- 18.9 14 .. 0 
- 21.6 16.0 
- 24.3 18,.0 

108.0 27.0 20'.0 ' 
108.0 29.7 22.0 
78.0 66.4 ' 24.0 

,192.0 74.1 ' 21.0 
192.0, 83.0 30.0 
' 84.0 " ' 91.3 3~.0 ' 
8~.0 
'i\II. '1 .. 
60.0 
60.0 
60.0 
60.0 ; 
60.0 . 
2'1.0 
,)6.0 
'56.0 
56.0 
56.0 
56•0 

Smallwood 

-
'- I -----

18.9 
21.6 
24.3 
27.0 
31.9 ' 
?1.6 
24.3 
21.0 
29.7 

" , 
. 

!/ Derived from the averaee vield fi~res given in Annex 4, Table l, and the areas planted annually 
durin~ 197~g? (Annex 1) , 

2/ One third of planting y~r 1978 felled in year ~4 (2001) rather than year 25 (2002) 
fj Loss of y,f, of uspable vol,ulI'e assumed in "clearfelled pine sawlog volume due to lOf!ging damage 

-0 

, , I 

-, 

" 

~ 
~ -



The above figures show that IPD's key output is going to be sawnwood, of which IPD
produced about 30 percent of the national consumption in 1975. IPD's proportion is likely
to go up to some 50 percent in the year 2000, by which time the output from the rapidly
diminishing and virtually irreplaceable natural woodlands would be even less than the
170 000 me of sawlogs those woodlands contributed in 190. Even if the sawlog output from
the indigenous forests were to remain constant at 170 000 m3, it would still be necessary
to import annually some 225 000 m3 of sawlogs by the year 2000, after allowing for the out-
put from this Project.

In theory it is possible to import pine sawn timber from Kenya at a landed price
of approximately X 2 per m3 above the K 126 currently charged by IPD. However, imports
of sawn timber or sawiogs from surrounding countries where production costs may be lower
than in Zambia are, in practice, not as frequent as might be expected, because overland
transport has not been easy to arrange. Coniferous sawnwood from Furope and North

America the traditional sources costs considerably more than T7D's produnt and caters
for the luxury section of the sawnwood market. There are no known alternative snurees of
Eucalyptus logs or poles. As long as TPD's prices continue to be below the landed prices
of wood from other countries, it is likely to continue to sell all the sawnwood and poles
it can produce.

51- As regards the proposed pulp and paper mill, production is expected to be entirely
for the domestic market which is protected by high transport costs from external sournes

of supply. The output is also expected to oonsiet of kraft and other commercial grade
papers which are different from types of paper planned for manufacture in most of the

surrounding countries

C. PrOJECT COSTS AND BENEFITS

52, The Project is a timeslice of a longterm planting, replanting and wood prooess-
ing programme started in 1949 and intended to extend many years after this nrojeot, and to
involve the planting of a total of about 80 000 ha of pine and eucalyptus with their
associated processing costs.

The heterogeneity of the Project's components, while inevitable in a timelice
project of this nature, is such that they are not direetly related to each other, and dn
not, either together or individually (except possibly for the Projent sawmill), eontain
a complete cost or benefit stream. Tt is therefore not possible to nalculate a rate OP
return on Project components alone without introducing some eoets whieh were either in-
curred prior to the Project (e.g. wood from the preroject plantations for the eawmill),
or costs to be incurred 10 or more years hence and therefore not included in the Project
(e.g.; sawmills to slaw wood from the proposed 19 500 ha of plantations), or components
which are still somewhat problematic (e.g., the pulp and paper mill to precess smallwood
and sawmill waste from the same proposed Project plantatione). These cests and benefits
which, although eutside the Project, have to be brought into any meaningTul rate of return
calculations, have therefore been introduced and cembined with the Projeet eosts and bene-
fits proper in rate of return calculations fer the Project and necessary associated
investments. (The exact nonProject costs thus introduced into the calculations are
identified in Table 3.)

54, The primary direct benefits from the Project would consist of pine and eucalyptus
sawnwood, eucalyptus transmission poles and building posts, as well as smallwood and eaw-
mill waste for tbe proposed pulp and paper mill. The plantations are therefore planned on
the assumption that a pulp and paper mill would be built within the next few years, and that
all the wood from the plantations would be used by one nr other of the wood processing in-
dustries. The direct benefits have therefore been measured both in the financial and
economic analysis at the processed product stage and not at the roundwoed prnduction
stage. Costs consequently include costs of logging, and costs of roundwood transport and
processing.
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49. The above figures show that lPD's key output is going to be sawnwood, of which IPD 
produoed about 30 percent of the national consumption in 1975. lPD's proportion is likely 
to go up to some 50 percent in the year 2000, by which time the output from the rapidly 
diminishi~ and virtually irreplaceable natural woodlands would be even less than the 
170 000 m3 of sawlogs those woodlands contributed in 1~i'(5. Even i f tho sawlog output from 
the inciigenouB forests were to remain constant at 170 000 m3, it would still be necessary 
to import annually some <'25 000 .. 3 of saw logs by the year 2000, after allowing for the out­
put from this Project. 

50. In theory it is possible to import pine sawn timber from Kenya at a landed price 
of approximately K 2 per m3 above the K 126 currently charged by lPD. However, impo:-ts 
of sawn timber or saw logs from surrounding countries where production costs may be lower 
than in Zambia are, in practice, not as frequent as might be expected, because overl and 
transport has not been easy to arrange. Coniferous sawnwood from ~urope Rnd ~orth 
America - the traditional sources - costs considerably more than IPD'A product ann cater~ 
for the luxury section of the sawnwood market. There are no known alternative ~nurr.e~ of 
Eucalyptus logs or poles. As long as IPU's price~ ccntinue to be below the landed prices 
of wood from other countries, it is likely to continue to ~ell all the sawnwood and poles 
it can produce. 

51. As regards the proposed pulp and paper mill, production is expected to be entirely 
for the domestic market which is protected by high tranAport CORts from external ~ourne9 
of supply. The output is aldo expected to consi.t of kraft and other commemial ~ade 
papers which are different from types of paper planned for manufacture in most of the 
surrounding countries 

c. ProJECT COSTS AND BENEFITS 

52. The Project is a time-slice of a long-term planting, replanting and wood procesq-
ing programme started in 1949 and intended to extend many year. after this nroject, and to 
involve the planting of a total of about 80 000 ha of pine and i!ucalyptus >lith their 
associated processing costs. 

53. The heterogeneity of the Projectl~ compnnent~t while inevitable in a time-~lir.e 
project of this nature, is such that they are not diredly related to ear.h ot',er, an~ "" 
not, either together or individually (except possibly for the ~rcjeot sawmill), contain 
a. complete cost or benefit stream. It is therefore not p05'3ible to r.alclllate a rate 0'" 
return on Project components alone without introducing some ~o~t~ which were ei ther in­
curred prior to the Project (e.g. wood from ,he pre-P,roject plantation" for the qawmill), 
or costs to be incurred 10 or more years hence and therefore not included in the Project 
(e.g., sawmills to saw wood from the proposed 19 500 ha of plantations), or components 
which are atill somewhat problematic (e.g., the pulp and paper mill t o process .mallwood 
and sawmill waste from the same proposed Project plantation o ). These costs ann henefits 
which, although t"lutside the Project, have to be brought into any meanin.!5ful ra+e of return 
calculations, have therefore been introduced and combined with the Projer,t ~ostq and bene­
fits proper in rate of return calculation~ f or the Project and necessary ass0ciated 
investments. (The exact non-Project COBts t~us introduced into the calculations are 
identified in Table 3.) 

54. The primary direct benefits from the Project would con"i.t of pine an1 eucalyptus 
sawnwood, eucalyptus transmission poles and building posts, as well as smallwoo~ and saw­
mill waste for the proposed pulp and paper mill. The plantations are therefore planned on 
the assumption that a pulp and paper mill "ould be built within the next few years, and t hat 
all the wood from the plantations would be useo by one or other of the wood processing in­
dustries. The direot benefits have therefore been measured - both in t~e financial an~ 
economic analysis - at the processed product stage and not at the r ounnw{'\od prnduntion 
stage. Costs consequently include costs of logging, and costs of roundwood transport and 
processing. 
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Because of the uncertainties about the pulpmill, Project costs and benefits have
been calculated both with the mill and without it. In other words, one set of calcula,
tions has been developed on the assumption that there would be no pulpmill, in which
case the smallwood would consequently have no value.

Project Costs

Financial Costs

The Project is estimated to cost K 27.1 million (n333.7 million), of which
K 13.0 million (US$16.2 million) would be in foreign exchange. Project costs are summarized
in Table 2. Project base costs, which do not include any duties or taxes, are estimated
as of March 1977. A physical contingency of 10 percent has been added to all costs, and
starting from Apritl 1977 price contingencies totalling about 15 percent of baseline costs
have been added.1/

The derivation of the afforestation costs is shown, item by item, in Annex 1.
Sawmill costs, and the associated logging and transport costs, are given in Annex 2, and
pulpmill costs in Annex 3.

The following stumpage costs of wood to be aupplied to the Project sawmill and to
the pulpmill from plantations established prior to the beginning of the project have been
calculated:

Rate (K/m3)

Category Pine Eucalyptus

I. All produce II. Smallwood2/ I. All produce II. Smallwood2/
saleable unsaleable saleable unsaleable

These stumpage rates have been calculated as the replacement cost of estab-
lishment, maintenance and administration compounded through the length of the rotation at
a rate of 10 percent. The details of these calculations are shown in Annex 4. The higher
of the two levels of sawlog stumpage (i.e. assuming smallwood unsaleable) was used in the
Project sawmill calculationY. The smallwood value waa used as the stumpage value of
pulpwood.

Total annual financial costs are shown in Table 3.

Sawlogs
Larga poles
Smallwood

18

5

22 6

10

3

8

13

1
Price contingencies are excluded from the FRR and NPV calculations.

If smallwood could not be sold i.e., if the pulpmill did not get built,all
costs would have to be recovered from sales of sawlog and pole products.

2/The sawmill would be mainly using sawlogs from plantations from which the smallwood
had been thinned out before the pulp mill came on stream.
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55. Because of the uncertainties about the pulpmill, Project costs and benefits have 
been calculated both with the mill and without it. In other words, one set of calcula­
tions has been developed on the assumption that there would be no pulpmill, in which 
case the smallwood would consequently have no value. 

Project Costs 

Financial Costs 

56. The Project is estimated to cost K 27.1 million (US$33.7 million), of which 
K 13.0 million (U5$16.2 million) would be in foreign exchange. Project costs are summarized 
in Table 2. Project base costs, which do not include any duties or taxes, are estimated 
as of March 1977. A physical contingency of 10 percent has been added to all cost., and 
starting from Ap,~l 1977 price contingencies totalling about 15 percent cf baseline costs 
have been added • .1I 

57. The derivation of the afforestation costs is shown, item by item, in Annex 1. 
Sawmill costs, and the associated logging and transport costs, are given in Annex 2, and 
pulpmill costs in Annex 3. 

58. The following stumpage costs of wood to be supplied to the Project sawmill and to 
the pulpmill from plantations established prior to the beginning of the prcject have been 
calculated: 

Rate (K/m3) 

Category Pine Eucalyptus 

I. All produce 
saleable 

II. Smallwoo~ 
unsaleable 

I. All produce 
saleable 

II. Smallwoo~ 
unsaleable 

Sawlogs 18 
Large poles 
Smallwood 5 

22 6 
10 
3 

8 
13 

59. These stumpage rates have been oaloulated as the replacement cost of estab­
lishment, maintenance and administration compounded through the length of the 'rotation at 
a rate of 10 percent. The details of these calculations are shown in Annex 4. The higher 
of the two levels of sawlog stumpage (i.e. assuming smallwood unsaleable) was used in the 
Project sawmill caloulation2l. The smallwood value was used as the stumpage value of 
pulpwood. 

60. Total annual financial costs are shown in Table 3. 

Yprice contingencies are excluded from the FRR and NPV calculations. 

1flf smallwood could not be sold - i.e., if the pulpmill did not get buil~ all 
costs would have to be recovered from sales of sawlog and pole products. 

liThe sawmill would be mainly using sewlogs from plantations from which the smallwood 
had been thinned out before the pulp mill came on stream. 



SUMMARY PROJECT COSTS
(K'000)

1/ Annex 1
7/ Capital Costs only
7/ Annex ?

Z/ 1410 of Base Costs
15'7 of Base Ccsts

1978
Year 1

1979
Year 2

1980
Year 3

1981

Year 4
1982

Year 5

Total

Amount
Foreign Exchansre
Amount

Plantations 1/ 3,679 2,601 3,248 2,718 2,672 14,938 6,248 42

Logging and Transportation 2/ 707 281 988 968 98

Sawmilling 3/ 2,600 256 513 864 1,212 5,445 1,025 56

Staff Training and Fellowship 20 40 20 80 64 80

Studies and Trials on Land Clear-
ing and Charcoal Production 66 99 60 225 99 44

Total Base Costs 7,072 1,277 3,841 1,602 3,884 21,676 10,404

Physical Contingencies 4/ 707 128 385 360 388 2,168 1,0A0 48

Price Contingencies 51 1.2.2 AL 976 540 58 91 R
-___t

1 560_L___ 46

Total Project Costs 8,810 4,097 4,302 4,502 A,85 27,095 13,004 4"3

Plantations 1.1 
Logging and Transportation ~ 

Saw milling '11 
Staff Training and Fellowship 

Studies and Trials on Land Clea~ 
ing and Charcoal Production 

Total Base Costs 

Physical Contingencies i/ 

Price Contin~encies 2/ 

Total Project Costs 

1 / Ann ex' 
'?'i Capital Cos-4;s ('on l.v 
3/ Annex 2 
4'1 1m~ o~ Bas£> Costs 
~/ 1 tfl o~ B~se ('c~-:s 

1978 
Year 1 

3,679 

707 

2,600 

20 

66 

7,O7? 

707 

1,060 

1\ P.w .. " 

SUMMARY PROJEX:T COSTS 
(K'OOO) 

1979 1980 1981 1982 
Year 2 Year 3 Year 4 Year 5 

2,601 3,248 2,7<8 2,672 

281 

256 I) 1 'll 86~ 1,212 

40 20 

-22 60 

3,?77 3,841 3,60? ~ /lilA 

32fl ~!!5 :,60 .~e8 

~ ')76 -.LAO . 583 

4,097 .1 , ~0? 4,~O? !,S~5 

Total Foreign Exchange 
AmOWlt Amoun t ~ 

1.1,938 6,248 42 

98R 968 98 

'),M,) 3,02,) 56 

80 64 80 

225 -22 M ...., 
21,676 10,1104 

? , 16~~ 1 , ')t..Q 4'> 

.2.,-=-,1 1,560 48 

27 , eV)5 ,".,004 4'3 I~ 
>-' 

" 
'" 



FINANCIAL CASH FLOW FOR THE PROJECT (K. MILLION)

1/ Costs from 1973 to 1982 are from Table 2. Thereafter costs include all operating maintenance and capital
peplacement expenses of Phase II plantation and project sawmill, as well as logging, pole treatment, and sawmilling
costs of allproject trees and costs of logging old wood for the single project sawmill.

1010 of base costs.
Based on new recommended IPD stumpages, i.e. K22/m3 for pine and KI3/-n3 for eucalyptus (see Annex 4).

Pulpwood purchased from the project output is given zero value as the pulpmillb cost would be IPD's revenue
and would cc.ncel each other when consoli.dated as here in one FUR calculation. Puqpwood purchased froT nre-
plantations is valued at the recommendedIPD stumpage, i.e. K5/m3 for pine and K3/m3 for eucalyptus. kAtinexPSVect

Project Physical Wood Cost Total Cost of Total Revenues Revenues
Years

Base Contin- for Project Pulp Costs from of

Costs 1/ gencies?/Project Costs Mi44/ Includ- Project Project

Sawmill Without in g a Affores- Sawmill

Using Frs-. Pulp Pulp tation Using
Project Mill Mill ?re-Project

6 8
6 d

l't) E"---(2L---W---d-3Z-al----U--W----U--

Total Revenues
Project from

Revenue Pulp
Without and Paper
Pulp Mill
Mill

S10) (11)

Total
Project
Revenue
Including
Pulp Mill

(12)

1978 7.0 0.7 - 707 2.4 10.1 - - - _
1979 3.3 0.3 0.4 4.0 15.4 19.4 1.0 1.0 - 1.0 -

1980 3.8 0.4 0.8 5.0 27.3 32.3 - 2.1 2.1 2.1

1981 3.6 0.4 1.4 5.4 18.4 23.8 _ 3.1 3.1 _ 3.1

1982 3.9 0.4 2.0 6.3 12.4 18.7 - 4.5 4.5 11.1 15.6
1983 2.6 0.3 2.0 4.9. 9.4 14.3 - 4.5 4.5 14.5 19.0

1984 4.3 0.4 2.0 6.7 9.0 15.7 - 4.5 4.5 16.1 20.6

1985 2.8 0.3 2.0 5.1 8.9 14.0 1.5 4.5 6.0 17.0 23.0
1986- 3.3 0.3 9.0 5.6 9.2 14.8 1.7 4.5 6.2 17.9 24.0
1987 3.4 0.3 2.0 5.7 8.8 14.5 1.9 4.5 6.4 18.2 24.6
1988 5.1 0.5 2.0 7.6 7.8 15.4 5.7 4.5 6.2 18.4 24.6
1989 5.8 0.6 2.0 8.4. 7.8 16.2 9.3 4.5 13.8 18.6 32.4
1990 4.6 0.4 2.0 7.0 7.8 14.8 8.8 4.5 13.1 18.6 31.7
1991 5.9 0.6 2.0 8.5 7.7 16.2 12.8 4.5 17.3 18.6 35.9
1992 6.1 0.6 2.0 8.7 7.7 16.4 13.3 4.5 17.4 18.6 -36.0
1993 4.7 0.5 2.0 7.2 7.9 15.1 9.7 4.5 14.2 18.6 32.8

.

1994 2.0 0.2 2.0 4.2 7.9 12.1 4.7 4.5 9.2 18.6 28.8

1995 2.0 0.2 - 2.2 7.9 10.1 4.7 - 4.7 18.6 23.3

1996 1.9 0.2 - 2.1 8.1 10.2 5.0 - 5.0 18.6 23.6
1997 1.9 0.2 - 2.1 8.1 10.2 5.0. - 5.0 18.6 23.6
1998 1.9 0.2 - 2.1 8.1 10.2 5.0 _ 5.0 18.6 23.6 .

1999 1.9 0.2 - 2.1 8.1 10.2 5.0 - 5.0 18.6 23.6
2000 1.7 0.1 - 1.8 8.1 9.9 5.0 - 5.0 18.6 23.6 .

2001 1.9 0.2 2.1 8.3 10.4 5.0 - 5.0 18.6 23.6
2002 7.0 0.7 7.7 8.1 15.8 10.1 _ 10.1 18.6 28.7
2003 6.0 0.6 6.6 8.0 14.6 15.1 _ 15.1 18.6 33.7
2004 4.5 0.4 4.9 8.0 12.9 15.1 _ 15.1 18.6 33.7
2005 4.4 0.4 _ 4.8 8.0 12.8 15.1 - 15.1 18.6 33.7
2006 4.4 0.4 - 4.8 8.0 12.8 15.1 - 15.1 28.5 45.9 -

FINANCIAL CASH FLOW FOR THE PROJECT (K. MILLION) 

Years Project Physical Wood Cost Total Cost of Total Revenues Revenues. Total Revenues Total 
Base Contin- for Project Pulp Costs from of Project from Pro ject 

Costs 1/ gencies Y Project Costs Mi 11.4/ Includ- Project Project Revenue Pulp Revenue 
Sawmill Without ing a Affores- Sawmill Without and Paper Including 

Pulp Pulp tation Using Pulp Mill Pulp lIill 
IIi 11 Mill Pre- Proj ect Mill 

d 

1978 7.0 0.7 7.7 2.4 10. 1 
1979 3.3 0.3 0.4 4.0 15.4 19.4 1.0 1.0 1.0 ' ~ 
1980 3.8 0.4 0.8 5.0 27 .3 32 •. 3 2. 1 2.1 2.1 
1981 , 3.6 0.4 1.4 5.4 18.4 23 . 8 3.1 3.1 . 3.1 
1982 3.9 0.4 2.0 6.3 12.4 18. 7 4.5 4. 5 11 .1 15.6 
1983 2.6 0.3 2.0 '" 4.9 .. 9.4: 14.3 4.5 4. 5 14.5 19.0 
1984 4.3 0.4 2.0 6.7' 9.0 15.7 4.5 4.5 16.1 20.6 
1985 2.8 0.3 2.0 5.1 8.9 14.0 1.5 4.5 6. 0 17.0 23.0 
1986' 3.3 0.3 2.0 5.6 9.2 14.8 ·' 1.7 4.5 6. 2 17.9 ' 24.0 
1987 3. 4 0.3 2.0 5.7 8.8 14.5 1.9 4·5 6.4 18.2 24 .6 
1988 5. 1 0.5 2.0 7.6 7.8 15. 4 5.7 4.5 6.2 18.4 24.6 { 
1989 5.8 0.6 2~O ,8.4. 7.8 16.2 9.3 4.5 13.8 18.6 32.4 
1990 4.6 0.4 2. 0 7.0 7.8 14.8 8.8 4.5 13. 1 . 18.6 31.7 
1991 . 5.9 0. 6 2.0 8.5 ' T.7 ' 16. 2 12.8 4.5 ' . 17.3 18.6 35.9 

· 1992 " 
6.:1 0.6 2.0 8.1 7.7 16.4 13.3 4· 5 17.4 18.6 ' 36.0 

1993 4.7 0;5 2. 0 7.2 7.9 15.1 9.7 4.5 14. 2 18.6 32. 8 , .... 
1994 2. 0 0.2 2. 0 4.2 7.9 12.1 4. 7 4.5 9.2 18.6 28 .8 
1995 2.0 0. 2 2. 2 7.9 1 0~1 4;7 4.7 18.6 23.3 
1996 1.9 0.2 2.1 8.1 10. 2 5.0 5.0 18.6 23.6 ) 
1997 1.9 0.2 - , , 2.1 8.1 10.2 5;0 . 5.0 18.6 23.6 1 
1998 1.9 0.2 2. 1 8.1 10.2 5.0 5. 0 18.6 23.6 .' 
1999 · 1.9 0. 2 2.1 8.1 10.2 5.0 5.0 18.6 23.6 , 
2000 1.7 0. 1 1.8 8.1 9.9 5.0 5. 0 18.6 23.6 ~ 
2001 1.9 0.2 2.1 8. 3 10.4 5. 0 5.0 18.6 23.6 
2002 7.0 0.7 7.7 8. 1 15. 8 10.1 10.1 18.6 28.7 
2003 6.0 0. 6 6.6 8.0 14.6 15. 1 15.1 18.6 33.7 .. 
2004 4. 5 0. 4 - .. ~ 4. 9 8.0 12.9 15.1 15.1 18.6 33.7 
2005 4.4 0.4 4.8 8.0 12.8 15.1 15.1 18.6 33.7 

.200li 4.4 0.4 4.8 B.O 12 . 8 15.1 15.1 ' 28.5 45·9 

- - -- - -- ---- ---------- ---

~ 1/ Costs from 1978 to 1982 are from Table 2. Thereafter"cost s include all operating mai ntenance and capital ~ 
.- replacement expenses of Phase II plantation and project sawmill , as well as logging , pole t r eatment, and sawmilling ~ 

costs of all project trees and costs of l ogging old wood for t he single project sa~~ill. 

~ 
1010 of base costs. h Based on new recommended IPD stumpag:s, i.e. K22/~3 f?r pine and K13/m3 for eucalyptus (see Annex 4). 

~ Pulpwood purchased from the proJect output ~s g2ven zero value as the pulpmil l~ cost would be IPD 's revenue 
and would ccncel each other when consaladated as here i~ one FijR calcul~tion. Pu~pwood purchased fro~ .pre-p~Qject 
plantations i s valued at the recommen e IPD stumpage , ~.e. K5/m3 for p~ne and K3/m3 for eucalypius . \Ahn~ j). 
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Economic Costs

To arrive at costs at economic values, from the financial costs, the nosits of
traded inputs have been converted from foreign to domestic values by using a shadow foreign
exchange conversion factor of USS1 K 0.9 instead of the official U9I1 K 0.8, as the
latter appears to overvalue Zambian currency,by this margin. The proportion of the
financial costs which is attributable to traded items, and which hence is shadow pried
in this way, is shown in Table 2 (in the "Foreign Exchange" column), and in the detailed
cost tables.

In addition, unskilled labour has been shadowprieed at 60 pernent of actual cost
to reflect the relative abundance of this class of labour. The labour oomponent of tlogtq
is identified separately (under the heading "labour") in each of the cost annexes.

No account has been taken in the financial or economic calculations nr
of land. Actual payments for land used for the plantations have heen few, and would nnt make
any difference to the calculations. Also, the alternative cost of the land either in
agricultural or charooal production terms is equally small. However, this aspect would
need to be kept under review if planting continues to expand beyond the scope indionted
in this Project.

Total annual economic costs are shown in Table 4.

Project Benefits

Financial Revenues

As haz been noted above, revenues/benefits from the Project occur from sales f7f the

products of the industries which will use, or are expected to use, the Project roundwood.
The estimates of revenues from the sawnwood and poles produced from roundwood frem the
Project plantations are based on the prices prevailing at present in Zambial/for produce
from the existing industrial plantations, as follows:

Eucalyptus lumber, green and rough K per m3

Boards longer than 1.5 m (longn) 86
Shorter boards (shorts) 48
Waney edge boards 25

Eucalyptus poles

from first thinnings 65
from second thinnings 85

Pine lumber, green and rough

Boards longer than 1.5 m (longn) 126

Shorter boards (shorts) 63

It has been assumed that the eucalyptus lumber from the Project sawmill will consist
of 65 percent long boards, 25 percent shorts and 10 percent waney edge boar-3s. Similarly,
it was assumed that pine lumber from the mill will consist of 75 percent longn and 29 percent
shorts.

The estimates of quantities of lumber and poles are derived from the estima-tes of
raundwood yields shown in Table 1, and an asaumption of a 42 percent yield of sawnwood
from sawlog volumes in the course of processing the latter. The resulting annual revenues
are shown in column 8 of Table 3.

17-----This would prove to be a very conservative consumption if local sawnwood prices rose in
real terms at the rate predicted for world prices on page 17.
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Economio Costs 

61. To · arrive at costs at economic values, from the finanr.ial GOstR, the r.O~tA of 
traded inputs have been converted from foreign to domestic values by using a sh"dow Pnrei.<m 
exchange conversion factor of USS1 _ K 0.9 instead of the official U~~1 - Y 0.8, a. the 
latter appears to overvalue Zambian currency. by this mar-:in. The pr~por+.ion of the 
financial costs which is attributable to traded items, and which hence i •• hadnw price~ 
in this way, is shown in Table 2 (in the "Foreign Exchange" column), and in the ,let ailed 
coat tables. 

62. In addition, unskilled. labour haa been shadow-priMd at 60 percent of actual coot 
to reflect the relative abundance of this class of labour. The labour component nP co,tq 
is identified separately (under the heading " labour") in each of the cost anneXM. 

63. No account has been taken in the financial or economir; nalculat ion~ of' "the t"\()~~ 
of land. Actual payments for land used for the plantation. have been few, and woul d Mt ma1<-e 
any difference to the calculations. Also, the alternative cost of the land either in 
agricultural or charcoal production terms ia equally small. Hm,ever, this 8Rpe.;t wouin 
need to be kept under review if planting continues to expand beyond the scope indir.~te~ 

in th is Pro ject • 

64. Total annual economic costs are shown in Table 4. 

Project Benefits 

Financial Revenues 

65. As has been noted above, revenueS/benefits from the Project occur from ~ale~ ~ f the 
products of the industries which will use, or are expected to use, the Project roundwood. 
The estimates of revenues from the sawnwood and poles produced from roundwooq from the 
Project p lant at ions are based on the prices prevailing at present in Zambia1l f'l)t' prnrlur.e 
from the existing industrial plantations, as follows: 

Eucalyptus lumber, green and rough 

Boards longer than 1.5 m (longs) 
Shorter boards (Shorts) 
Waney edge boards 

Eucalyptus poles 

from first thinnings 
from second thinnings 

Pine lumber, green and rough 

Boards longer than 1.5 m (longs) 
Shorter boards (shorts) 

86 
48 
25 

126 
63 

66. It has been assumed that the eucalyptus lumber from the Project sawmill 
of 65 peroent long boards, 25 percent shorts and 10 percent waney edge boar1 •• 
it was assumed that pine lumber from the mill will consist of 75 peroent 10n1;9 
shorts. 

wi 11 con!=Jist 
Similarly, 

and 25 percent 

67. The estimates of quantities of lumber and poles are derived from the eotimates of 
roundwood yields shown in Table 1, and an assumption of a 42 percent yield of sawnwnod 
from sawlog volumes in the course of processing the latter. The resulting annual revenues 
are shown in column 8 of Table 3. 

Y This would prove to be 
real tenns at the rate 

a very conservative consumption if local sawnwood prices rose in 
predicted for world prices on page 17. 



ECONOPTC VALUE FLOW FOR THE PROJECT

(K million)

1/ See Table 2 and detailed cost tables.
2/ Total financial costs from table 3 net of labour and foreign exchange costs.
-3-/ Shadow priced at US$1.00=K0.9 instead of the official rate of 08$1.00=K0.8
4/ At 60% of financial labour costs.
3/ See Annex 3, peg*: 3,
T/ IPB prices assumed to rise as set outin Annex 2, Table 3, footnote 6.

Year labour
costs

1/

Financia1Financial
foreign
exchange
costs

Other
project

financial
costs

Foreign
exchange
shadow
priced

Labour
shadow
priced

Project
economic
costs
without

Pulp mill
costs
shadow
priced

Project
economic
costs
with

Project
benefits

without
pulp mill

Pulp mil
benefits

Project
benefits
with
pulp mil

1/ 2/ 3/ 4/ pulp mill 5/ pulp mill 6/ 3/ 5/

(1) (2) () -(4) T5) TO (7) T8) (9) (To) 11 12

1978 1.3 5.6 0.8 6.3 0.8 7.9 2.7 10.6 - -

1979 1.3 1.8 0.9 2.0 0.8 3.7 17.2 20.9 1.2 - 1.2

1980 1.6 2.2 1.2 2.5 1.0 4.7 30.2 34.9 2.7 - 2.7

1981 2.2 0.8 2.2 0.9 1.3 4.4 20.5 24.9 4.0 - 4.0

1982 2.0 1.0 3.3 1.1 1.2 5.6 12.7 18.3 5.8 12.5 18.3

1983 1.1 2.1 1.7 2.4 0.7 4.8 9.2 14.0 5.8 16.3 22.1

1984 1.7 3.1 1.9 3.5 1.0 6.4 8.7 15.1 5.8 18.1 23.9

1985 1.2 2.2 1.7 2.5 0.7 4.9 8.5 13.4 8.2 19.1 27.3

1986 1.4 2.5 1.7 2.8 0.8 5.3 8.6 13.9 8.4 20.1 28.5

1987 1.4 2.5 1.8 2.8 0.8 5.4 8.6 14.0 8.8 20.5 29.3

1988 2.0 3.6 2.0 4.0 1.2 3.6 7.8 11.4 8.6 20.7 29.3

1989 2.2 4.1 2.1 4.6 1.3 8.0 7.8 15.8 18.9 20.9 39.8

1990 1.8 3.3 1.9 3.7 1.0 6.6 7.8 14.4 18.0 20.9 38.9

1991 2.3 4.2 2.0 4.7 1.4 8.1 7.8 15.9 23.8 20.9 44.7

1992 2.3 4.2 2.0 4.7 1.4 8.1 7.8 15.9 24.0 20.9 44.9

1993 1.9 3.4 1.9 3.8 1.1 7.8 7.8 15.6 19.6 20.9 40.5

1994 0.9 1.7 1.6 1.9 0.5 4.0 7.8 11.8 6.4 20.9 27.3

1995 0.7 1.3 0.2 1.5 0.4 2.1 7.8 9.9 6.4 20.9 27.3

1996 0.6 1.2 0.3 1.4 0.4 =.1 7.8 9.9 6.9 20.9 27.8

1997 0.6 1.2 0.3 1.4 0.4 2.1 7.8 9.9 6.9 20.9 27.8

1998 0.6 1.2 0.3 1.4 0.4 9.1 7.8 9.9 6.9 20.9 27.8

1999 0.6 1.2 0.3 1.4 0.4 2.1 7.8 9.9 6.9 20.9 27.8

2000 0.6 1.0 0.2 1.1 0.4 1.7 7.8 9.5 6.9 20.9 27.8

2001 0.6 1.2 0.3 1.4 0.4 2.1 7.8 9.9 6.8 20.9 27.7

2002 2.4 4.4 0.9 4.9 1.4 7.2 7.8 15.0 13.8 20.9 34.7

2003 2.0 3.8 0.8 4.3 1.2 6.3 7.8 14.1 20.6 20.9 41.5

2004 1.5 2.8 0.6 3.1 0.9 4.6 7.8 12.4 20.6 20.9 41.5

2005 1.5 2.7 0.6 3.0 0.9 4.5 7.8 12.3 20.6 20.9 41.5

2006 1.5 2.7 0.6 3.0 0.9 4.5 7.8 12.3 20.6 31.6 52.2

Financia inancial Other 
Year labour oreign project 

costs exchange financial 
1.1 osts costs 

(1) (2) (~ f~) 
1978 1.3 5.6 0.8 
1979 1.3 1.8 0.9 
1980 1.6 2.2 1.2 

1981 2.2 0.8 2. 2 
1982 2.0 1.0 3.3 
1983 1.1 2. 1 1.7 
1984 1.7 3.1 1.9 
1985 1.2 2.2 1.7 
1986 1.4 2.5 1.7 
1987 1.4 2.5 1.8 
1988 2.0 3 . 6 2. 0 
1989 2.2 4.1 2.1 
1990 1.8 3.3 1.9 
1991 2.3 4 . 2 2.0 
1992 2.3 4 . 2 2.0 
1993 1.9 3.4 1.9 
1994 0.9 1.7 1.6 
1995 0.7 1.3 0.2 
1996 0.6 1.2 0.3 
1997 0.6 1.2 0.3 
1998 0.6 1.2 0.3 
1999 0.6 1.2 0.3 
2000 0 . 6 1.0 0.2 
2001 0.6 1.2 0.3 
2002 2.4 4.4 0.9 
2003 2.0 3 . 8 0.8 
2004 1.5 2.8 0.6 
2005 

I 
1.5 2.7 0.6 

2006 1.5 2.7 0 . 6 
.. -- L.... 

ECONOMIC VAlliE FLOW FOR THE Pl\QTEOT 

(K million) 

Woreign Labour Pro j ect lPulp mill Project 
exchange shadow economi c asts economic' 
shadow priced costs shadow costs 
tpriced without tpric~d with 

f~) 4~) pu1M'i1 r~) pU1M'ill 
"\6 

6.3 0.8 7.9 2.7 10.6 
2.0 0.8 3.7 17.2 20.9 
2.5 1.0 4.7 30 . 2 34 . 9 

0.9 1.3 
, 

4.4 20.5 24 . 9 
1.1 1.2 5.6 12.7 18 . 3 
2.4 0.7 4.8 9.2 14 . 0 
3.5 1.0 6.4 8.7 15 . 1 
2 . 5 0.7 4.9 8.5 13 . 4 
2 . 8 0.8 5.3 8.6 13.9 
2.8 0 . 8 5.4 8.6 14.0 
4.0 1.2 3.6 7.8 11.4 
4.6 1.3 8.0 7.8 15.8 
3.7 1.0 6.6 7.8 14.4 
4.7 1.4 8.1 7.8 15.9 
4.7 1.4 8.1 7.8 15.9 
3.8 1.1 7.8 7.8 15.6 
1.9 0.5 4.0 7.8 11.8 
1.5 0.4 2 . 1 7.8 9.9 
1.4 0.4 =.1 7 . 8 9.9 
1.4 0.4 2.1 7.8 9.9 
1.4 0 . 4 2.1 7.8 9.9 
1.4 0 . 4 2.1 7.8 9.9 
1.1 0.4 1.7 7.8 9.5 
1.4 0.4 2.1 7 .8 9.9 
4.9 1.4 7.2 7.8 15 . 0 
4.3 1.2 6.3 7.8 14.1 
3.1 0.9 4.6 7.8 12 . 4 
3.0 0.9 4.5 7.8 12.3 
3.0 0.9 4.5 7.8 12.3 

1/ See Table 2 and detailed cost tables. 
2/ Total financial costs from table 3 net of labour and foreign exchange costs. 
3/ Shadow priced at US$1.OO=KO . 9 instead of the official rate of US$1 . OO=KO.8 
4/ At 60% of financ ial labour costs . 
~I See Annex 3, page 3. 
~/ IPD prices assumed to rise as set outin Annex 2, Table 3, footnote 6. 

Project Pulp mil 
benefits benefits 
without 

. pulp mil 

(fb) l{1~ 
- -
1.2 -
2.7 -
4.0 -
5.8 12.5 
5.8 16.3 
5.8 18.1 
8.2 19.1 
8.4 20.1 
8.8 20.5 
8.6 20.7 

18.9 20.9 
18 . 0 20.9 
23.8 20.9 
24.0 20.9 
19.6 20.9 

6.4 20.9 
6.4 20 . 9 
6.9 20.9 
6.9 20.9 
6.9 20.9 
6.9 20.9 
6.9 20.9 
6 .8 20.9 

13.8 20.9 
20.6 20.9 
20.6 20.9 
20.6 20.9 
20.6 31.6 

Project 
benefits 
with 
pulp mill 

( 12) 

-
1.2 
2.7 
4.0 

18.3 
22.1 
23.9 
27.3 
28.5 
29.3 
29.3 
39.8 
38.9 
44 . 7 
44.9 
40.5 
27.3 
27.3 
27.8 
27.8 
27.8 
27.8 
27.8 
27.7 
34.7 
41.5 
41.5 
41.5 
52 . 2 

~ 

'" I 
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Column 9 of the same table shows he additional revenue obtained from sawnwood
prodeced by the Project sawmill using sawlogs obtained from plantations established prior
to the Project. These revenues are arrived at from the unit prices shown above and the
volumes given in Annex 2.

The revenues from the pulpmill (column 11 of Table 3) are derived in Annex 3.

Economic Benefits

As the final outputs of the Project will replace imported supplies, in order to
arrive at their economic value they need to be valued in terma of world market prices.
Kenya seems the most likely source of imports for the kind of pine sawn timber to be
produced by the Project SItoh timber can be delivered in the ZaMbian Copperbelt at a
total cost of about K 128/m) for a 1.5 m length, compared with K 126/m3 currently charged
by IPD. There is no known alternative source of eucalyptus. The.parity prices of sawn
timber have therefore been assumed to be approximately equal to the current IPD prices.

In addition, an allowance has been made for an expected rise in the real value of
sawn timber. The World Bank has forecast that the price of sawn timber will rise, at
constant 1974 values NW, as follows:

1978 1979 1980 1985 (and after)

168.1 170.8 174.8 184.1

Project sawn timber output prices have therefore been assumed to rise at the same
rate, i.e. as follows (1978 . 100):

1978 1972 1980 1985 (and after)

100 102 104 113

Paper prices used in the financial analysis were based on world market prices, and
therefore no adjustment was needed in this respect in the economic accounts. The value of
all importable project outputs - sawnwood, poles and paper - was valued using the shadow
price for foreign exchange of US31 K 0.9 instead of the official US31

Annual benefits are shown in Table 4.

Indirect Benefits

The Project is expected to be neutral in its environmental impact. The new planta-
tions would help to preserve water catchment areas and prevent soil erosion, but since
indigenous forests (which were themselves quite adequate for these purposes) would have to
be removed to plant the new trees, there is really no incremental benefit, nor any adverse
effects from this source. Similarly, the other components of the Project neither improve
nor worsen the environment.

Comparing Costs and Benefits

On the basis of the total cost and total revenue/benefit streams shown in Tables
3 and 4, the Project and necessary associated investments would earn an internal financial
rate of return (FRR) of 10.5 percent and an internal economic rate of return (ERR) of
14.3 percent.

The sawmill to be financed through this Project, together with its associated logging'
and transport, wauld process wood from trees planted under previous projects. This group of
investments alone would earn a FRR of 15.6 percent and an rRR of 32 percent (Annex 2).
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68. Column 9 of the same table shows the additional revenne obtained from sawnwood 
prodUoed by the Project sawmill using sawlogs obtained from plantations established prior 
to the Projeot. These revenues are arrived at from the unit prioes shown above and the 
volumes given in Annex 2. 

69. The revenues from the pulpmill (oolumn 11 of Table 3) are derived in Annex 3. 

Economic Benefits 

70. As the final outputs of the Project will replace imported supplies, in order to 
arrive at their economio value they need to be valued in terms of world market prices. 
Kenya seems the most likely source of imports for the kind of pine sawn timber to be 
produced by the Project . S~ch timber can be delivered in the Zambian Copperbelt at a 
total cost of about K 128/m for a 1.5 m length, compared with K 126/m3 currently charged 
by IPD. There is no known alternative source of euoalyptus. The .parity prices of sawn 
timber have therefore been assumed to be approximately equal to the current IPD prices. 

71. In addition, an allowance has been made for an expected rise in the real value of 
sawn timber. The World Bank has forecast that the price of sawn timber will rise, at 
constant 1974 values (US$), as follows: 

1918 1919 1980 1985 (and after) 

168.1 170.8 114.8 184.1 

72. Projeot sawn timber output prioes have therefore been assumed to rise at the same 
rate, i.e. as follows (1918 a 100): 

1918 l2ll 1980 1985 (and after) 

100 102 104 113 

73. Paper prices used in the financial analysis were based on world market prices, and 
therefore no adjustment was needed in this respect in the economic accounts. The value of 
all importable project outputs - sawnwood, poles and paper - was valued using the shadow 
price for foreign exchange of US31 c K 0.9 instead of the offioial US$1 = I'O.R. 

74. Annual benefits are shown in Table 4. 

Indirect Benefits 

75. The Project is expected to be neutral in its environmental impact. The new planta-
tions would help to preserve water catchment areas and prevent soil erosion but since 
indigenous forests (which were themselves quite adequate for these purpo8esi wou ld have to 
be removed to plant the new trees, there is really no incremental benefit , nor any adverse 
effects from this source. Similarly, the other components of the Project neither improve 
nor worsen the environment. 

Comparing Costs and Benefits 

76. On the basis of the total cost and total revenue/benefit streams shown in Tables 
3 and 4, the Project and necessary as"ociated investments would earn an internal finannial 
rate of return (FRR) of 10.5 percent and an internal eoonomic rate of return (ERR) of 
14.3 percent. 

77. The sawmill to be financed through this Project, together with its associated lOl1:l':inp, 
and transport, would process wood from trees planted under previous projects. This group of 
investments alone would earn a FRR of 15.6 percent and an ERR of 32 percent (Annex ~). 



To calculate the return on the pulp and paper mill as a separate entity, the pulpwood
raw material was costed at the cost-price stumpage values calculated in Annex 4 in the
financial calculation, and was given a zero stumpage value in the economic calculation
because it would have no use other than in the pulpmill (Annex 3).

/Discounted at 8.5%, which is the interest rate to be paid on most of the money invested
in the project.
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The pulp and paper mill, processing sawmill waste and smallwood first from pre-
Project plantations and later from Proje9t plantations as well, would eanaan FRR of
10.4 percent and an ERR of 11.7 percent1/. (Annex 3).

Sensitivity Analysis

As was noted earlier, consideration has to be given to the possible effects on the
Project if, duo to lack of fands, lack of technical expertise, or any other reasons, the
proposed pulp and paper mill does not materialize. Cash flow statements of the project
with and without a pulp and paper mill are shown in Tables 3 and 4. Without the pulpmill,
the Project and its necessary associated future investments would earn an FRR of 10.0
percent and en ERR of 20.0 percent, based on sawmilling and pole manufacture alone, but
on a much reduced investment and level of activWes. The reduced economic impact is
shown by the fact that the discounted net valueJwith the pulpmill is K 61 million, and
without the pulpmill K 26 million.

In addition, the ERR of the Project with a pulp and paper mill has been tested
for sensitivity to changes in the cost and benefit streams with the following results:

ERR

Basic Model 14.3
Costs increased 10% 12.5
Costs increased 20% 10.6
Benefits reduced 10% 12.1

It would seem that the ERR is not sensitive to small chang.s in costa or
benefits. A substantial reduction in benefits could result from fires, disease or in-
adequate production. However, this risk is common to all forestry projects. IPD's fire
record has been normal in the -oast, and the conventional fire preventive measures have
been built into the Project.
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18. The pulp ~d paper mill, processi~g ~awmill w~e and emallwood first from pre-
Project plantations and later from Proj~'lt .plantations as well, would ' earn an FRR of 
1'0.4 peroent and an ERR of 11.1 peroent.1/. (Annex 3). 

Sensitivity Analysis 

79. As was noted earlier, oonsideration has to be given to the possible effeots on the 
Project if, due to lack of funds, lack of teohnioal expertise , or any other reasons, the 
proposed pulp and paper mill does not materialize. Cash flow statements of the projeot 
with and without a pulp and paper mill are shown in Tables 3 and 4. Without the pulpmill, 
the Project and its neoessar,y associated future investments would earn an FRR of 10.0 
percent and an ERR of 20.0 percent, based on sawmilling and pole manufacture alone, but 
on a muoh reduoed investment and level of acti~1;ies. The reduced eoonomio impact is 
shown by the fact that the disoounted net value!lwith the pulpmill i s K 61 million, and 
without the pulpmill K 26 million. 

80. In addition, the ERR of the Projeot with a pulp and paper mill has been tested 
for sensitivity to changes in the cost and benefit streams with the following results, 

Basic Model 
Cost s increased 10%. 
Costs increased 20% 
Benefits reduced 10% 

ERR 

14.3 
12·5 
10.6 
12.1 

8 1. It would seem that the ERR is not s~nsi tive to small changeS in costs or 
benefits. A substantial reduction in benefits oould result from fires, disease or in­
adequate production. However, this risk is Common to all forestry projects. lPn's fire 
record has been normal in the past, and the conventional fire preventive measures have 
been built into the Project. 

!ITo oaloulate the return on the pulp and paper mill as a separate entity, the pulpwood 
ra.K material was costed at the cost-price stumpage values caloulated in Annex 1 in the 
financial calculation, and was given a zero stumpage value in the economic calculation 
because it would have no use other than in the pulpmill (Annex 3). 

£iDiscounted at 8.5%, which is the interest rate to be paid on most of the money invested 
in the project. 
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ANNa 1

AFFCR2STATION AND REFORESTATION

A. Establishment of Plantations

1. Land Clearing. Afforestation nearly always takes place in "miombo" woodland (aee
Annex 1) with more or lees open canopy and trees 15-20 m high. The land must therefore
be completely cleared before planting.

2. The land clearing method Which is used on the Copperbelt i.e very thorough and .

expensive, but IPD claims that it shouid not be changed as this would reduce growth and
yields. The work has so far been oarried out mainly under contract (/PD has recently
started undertaking some clearing with direct labour and some land is also cleared by
charcoal laurners), and the cost per hectare was approximately K200 in 1976. The
following operations are includeds

Knockdown. _.A heavy chain, weighing about 50 kg per link and some 200 m long,
is pulled by tiro 300 HP bulldozers moving forward at an average distance of
30 m apart. The chain can easily pull down all small and most medium-sized
trees in its pa%h. One or two 200 HP bulldozers follow some 60 m behind the
others and help to pull down larger-sized trees.

Windrowing. All the uprooted trees are piled into windrows some 80 m apart by
means of bulldozers (200.or 300 HP). When the wood is sufficiently dry it is
all burnt in the rows. .(It is hoped that during the phase II project the wood
will increasingly be converted into charcoal.)

Stumping. Any stumps remaining in the ground after the passage of the
bulldozers are removed by hand and piled on to the windrows, and the holes are
then filled by hand.

ElaisgUng. The Whole area is ploughed after the stumps have been removed.

3. All these operations have until recently been carried out under contract, except for
some of the ploughing which has been done directly by IPD. In order to reduce costs and
be less dependent on contractors, IPD would like gradually to take over all the land
clearing operations, phased over the Project period. However, in view of the heavy
investment involved and of the period of training required, it is assumed that the average
cost per ha will be more or lesa the same throughout the Project period, regardless of
who performs the work. Thus, assuming an average total area of 3 500 ha cleared annually
at an average cost of K200/ha, the total (base line - 1976) coste are estimated at
K 700 OCO p.a. or K 3.5 million over the Whole Project period.

EEgMTRI

4. A complete unit complete of two 300 HP and at least one 200 HP bulldozers with two
sets of chains. IPD already haz one such unit, but another unit, with a standby 300 HP
dozer, would be purchased during year 1 of the Project, and another replacement unit in
year 3 of the Project.

.;: ,-: " , 
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A. Establishment of Plantations 

ANNE!( 1 

1. Und Clearing. Afforestation nearly always takes place in "miombo!' woodland (_ee 
Annex 1) with more or less open canopy and trees 15-20 m high. The land ~st therefore 
be completely cleared before planting. 

2. The land clearing method whioh is used on the CopperbeH 1.8 very thorough and 
expensive, but IPD claims that it shouid not be changed ss this would reduce gr~wth and 
yields. The work has so far been carried out mainly under contract · (IPD has recently 
started undertaking some clearing with direct labour and some ' land is also cleared' 'oy 
charcoal ·burners). and .the cost per hectare ,""s approximately K200 in 1916. The 
following operations are included: 

(a) 

(b) 

( c) 

Knockdown •. _ _ A heavy chain. weighing about 50 kg ·per 11nk and some 200 m long. 
1& pulled by two 300 HP bulldozers movi ng forwrd at . an average distance ' of 
30 m apart. The chain can easily pull down all small and most medium-sized 
trees in i is path. OtJe or two 200 HP bulldozers follow eome 60 m behind the 
others and help to pull down larger-sized trees. 

Windrowing. All the uprooted trees are piled into windrows some 80 m apart by 
means of bulldozers (200' or 300 HP). When the wood is suff~ciently d~ it is 
all burnt in the rowe-. "(n 1& noped that during the phase II projeot the wood 
will increasingly be converted into charcoal.) 

Stumping. ArJ¥ stumps remaining in the ground after the passage 
bulldozers are removed by hand and piled on to the windro ..... ~nd 
then filled by hand. .' , ' . , -

of the '" 
the holes ar~ 

." -

(d) Ploughing. The whole area is .. ploughed after the· dumps have been removed. 

3. All these operations have until reoently been carried out under contract. except for 
some of the ploughing whioh haa been done direotly by IPD. In order to reduce costs and 
be le8s dependent on contractors. IPD wouid ' like gradually to take over all the land 
clearing operations. phased over the Project period. However. in view of the heavy 
investment involved and of the period of training required. it is assumed that the average 
cost per ha will be more or le.s the same throughout, the Project period. regardless of 
who perf 01'1118 the work. Thus. assuming an average total area of 3 500 ha cleared annually 
at an average oost of K2oo/ha. the total (base line - 1976) costs are estimated at 
K 700 000 p.a. or K 3.5 million over the whole Project period. . 

Equip.ent 

4. A ooaplete unit consists of two 300 BP and at least one 200 HP bulldozers with two 
aeb of chains. IPD already baa one such unit, but another unit. with a standby 300 HP 
dozer. would be purchased during year 1 of the Project, and another replacement unit in 
year 3 of the Project. 



Equipment

Total Operating Costs (K'000)

Year 1 2 3 4 5

110 220 220 220 220
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5. The estimated costs are:

Capital Costs

Unit Price Number
K'000

1/ Low bed trailers, tanker, welding sets, etc.

Operating Costs (for one unit during year 1, and 2 units from year 2 to year 5).
N.B. 2000 hours per unit p.a.

Year 1

K'000

Materials, spares, maintenance and repairs 45

Fuel - 300 HP: 50 litre/hr )

200 HP: 36 litre/hr
Tractors: 3.5 litre/hr

K0.15/litre 55

Ancillary equipment )

Lubricants 1(0.81/litre 10

TOTAL 110
===.

Year 3
Number

K'000

300 HP bulldozer, with all
attachments 157 3 471 2 314

200 HP bulldozer, with all
attachments 114 1 114 1 114

50-60 HP tractor 10 5 50 5 50

'Ancillary equipment 70 40

Ploughs, winches, chains, etc. 40 32

Cost per unit p.a.
'(K'000)

TOTAL 745 550
..G == ========

5. The estimated oosts are: 

cap! tal Costs 

Equipment 

300 HP bUlldozer, with all 
attachments 

200 HP bulldozer, with all 
attachments 

50-60 HP tractor . y 
Anoillary eqUipment 

Ploughs, winches, chains, etc. 
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Unit Price Number 
K'ooO 

151 3 

114 

10 5 

Y Low bed trailers, tanker, welding sets, etc. 

Year 1 Year ~ 
Number 

K'ooO K'ooO 

411 2 314 

114 1 114 

50 5 50 

10 40 

40 32 

145 550 ___ c"'"_: .... ._cca=._ 

Operating Costs (for one unit during year 1, and 2 units from year 2 to year 5). 
~. 2000 hours per unit p.a. 

Materials, spares, maintenance and repairs 

Fuel - 300 HPI 50 litrejhr ~ 
200 HP: 36 litre/hr / 
Tractors: 3.5 litre/hr KO.15 litre 
Ancillary equipment 

Lubricants KO.81/li tre 

TorAL 

Total Operating Costs (K'OOO) 

Year 2 

110 220 
3 

220 

Cost per unit p.a. 
'(K'ooO) 

45 

55 

10 

4 5 

220 220 



Annual Cost per
Category Number Salary/wages unit p.a.

Supervisor 1 3 650 3 650
Dozer drivers 6 1 620 9 720
Tractor drivers 5 1 416 7 080
Labour (incl. Transport) 6 492 2 950

TarAL 23 400

Ancillary equipment drivers 3 1 416 4 248 (not
doubled with
second unit)

Total Salaries and Wages (MOO)

Year 1 2 3 4

21

Salaries and Wages (2 units from year 2)

by IPD

Equipment 745 550 - - 1 295

Fuel and Lubricants 110 220 220 220 220 990

Salaries & Wages
(incl. Transport) 28 51 51 51 51 232

TCTAL 883 271 821 271 271 2 517

by contract 400 300 200 83 983

28 51 51 51 51

Recapitulation of Land Clearing Costs (K'000)

Year 1 2 3 4 5 Total

TOTAL (a) + (b) 1 283 571 1 021 354 271 3 500
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Salaries and Wages (2 units from year 2) 

Annual Cost per 
Category Number Salary/wages unit p.a. 

K K 

Supervisor 1 3 650 3 650 
Dozer drivers 6 1 620 9 720 
Tractor drivers 5 1 416 7 080 
Labour (incl. Transport) 6 492 2 950 

TarAL 23 400 

Ancillary equipment drivers 3 1 416 4 248 (not 
doubled with 
'second uni t ) 

Total Salaries and Wages (K'OOO) 

Year 1 2 3 1: ~ 
28 51 51 51 51 

RecapituLation of Land Clearing Costs (K'OOO) 

Year 2 3 1: ~ Total 

(a) by IPD 

Equipment 745 550 295 
FIle land Lubri cants 110 220 220 220 220 990 
Salaries & Wages 
(incl. Transport) 28 51 51 51 51 232 

TarAL 883 271 821 271 271 2517 

(b) by contraot 400 300 200 83 983 

TarAL (a) + (b) 1 283 571 1 021 354 271 3 500 
_~~.~.K=c=ac_= •• =x=c==m================================ 
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Soil Preparation

Ploughing has been included in the land clearing cota. There only remains pre-
planting discing. The unit cost per operation is K7.30/ha (1976), of which labour
represents about 25 percent or K1.80/ha. No special equipment need be purchased, apart
from disc harrows. (The tractors used in ploughing can also be utilized for discing.)
Normally only one discing operation is required, unless planting takes place after too
long an interval, when a second discing may be necessary.

Nurseries and Seedling Production

No new nurseries will be required during the Project, the existing nurseries being
conveniently located and adequate. Nursery techniques are well developed and satisfactory.
Pine is spot-sown in tubes (1-3 seeds per tube, according to the tested germinating power
of the seed stock), while Eucalyptus is transplanted from seedbeds into tubes. The tubes
are made of black polythene, 5 cm wide when flat and 12 cm long. Sterilized soil is
used to fill the tubes. No special rnycorrhizal problem exists as regards Pine. Sowing
normally takes place in June-July and the seedlings are ready for planting out as from
November-December. Fertilizers are applied diluted in water, one month after germinating
(or transplanting) and regularly thereafter, as required. The average task for the
filling of tubes is 1 175 p.d. Allowing 20-25 percent for various loases, it is
advisable to allow 1 700 Pine or 1 000 Eucalyptus plants per ha, giving a weighted
average of 1 500 plants per ha for both Pine and Eucalyptus. The weighted average cost
is K10 per thousand seedlinga, giving a weighted average cost of K15 per ha, of which
approximately one-third or K5 is for materials, and two-thirds or K10 for labour.

Year 1 2 3 4 5 Total

Area (ha) 3 700 3 800 3 900 4 000 4 100 19 500

Costs (K'000)

Materials 19 19 20 20 21 99

Labour (incl.
tranaport) 37 38 39 40 41 195

TOTAL 56 57 59 60 62 294

Year 1 2 3 4 5 Total

Area (ha)

costs 00°10_21

3 700 3 800 3 900 4 000 4 100 19 500

Equipment and fuel 20 91 29 23 24 110

Labour (incl.
transport) 7 7 7 7 7 35

TOTAL 27 28 29 30 31 145
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Soil Preparation 

6. Ploughing has been included in the land clearing costs. There only remains pre-
planting discing. The unit oost per operation is K7.30/ha (1976), of whioh labour 
represents about 25 percent or Kl.80/ha. No speoial equipment need be purchased, apart 
from diso harrows. (The traotors used in ploughing can also be utilized for discing.) 
Normally only one discing operation is required, unless planting takes place after too 
long an interval, when a seoond disoing may be neoessary. 

Year 2 3 §; 2 Total 

Area (ha) 3 700 3 800 3900 4000 4 100 19 500 

Costs (K'oool 

Equipment and fuel 20 21 22 23 24 110 

Labour (incl. 
transport) 7 7 7 7 7 35 

TarAL 27 28 29 30 31 145 

Nurseries and Seedli~ Produotion 

7. No new nurseries will be required during the Projeot, the existing nurseries being 
oonveniently located and adequate. Nursery teohniques are well developed and satisfactory. 
Pine is spot-sown in tubes (1-3 seeds per tube, according to the tested germinating power 
of the seed stock), while Eucalyptus is transplanted from seedbeds into tubes. The tubes 
are made of black polythene, 5 cm wide when flat and 12 om long. Sterilized soil is 
used to fill the tubes. No speoial myoorrldzal problem exists as regards Pine. Sowing 
normally takes place in June-J"uly and the seedlings are ready for planting out as from 
November-Deoember. Fertilizers are applied diluted in water, one month after germinating 
Cor transplanting) am regularly thereafter, as required. The average task for the 
filling of tubes is 1 175 p.d. Allowing 20-25 peroent for various losses, it is 
advisable to allow 1 700 Pine or 1 000 Eucalyptus plants per ha, giving a weighted 
average of 1 500 plants per ha for both Pine and Eucalyptus. The weighted average cost 
is Kl0 per thousand se"edlings, giving a "weighted average cost of K15 per ha, of which 
approximately one-third or K5 is for materials, and two-thirds or K10 for labour. 

Year 1 2 3 §; 2 Total 

Area (ha) 3 700 3 800 3900 4 000 4 100 19 500 

Costs (K'oool 

~I>terials 19 19 20 20 21 99 

Labour (incl. 
transport) 37 38 39 40 41 195 

TarAL 56 57 59 60 62 294 
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Plantina_ánd Fertilizing

8, The present planting distances of 2m 70 x 2m 10 (1 370 plants/ha) for Pine and
3m 60 x 3m 60 770 plants/ha) for Eucalyptus will be maintained. The average cost (all
labour) is K15 ha for Pine and K10/ha for Eucalyptus, giving a weighted average of 1(13/ha,
which includes 10 percent for the replacement of failures.

90 No fertilizers are used for Pine, but borate and NPK are applied in Eucalyptus
plantations at the time of planting. The cost of this treatment is 1(20/ha (1976), of
which 1(10 is for the borate and NPK, and 1(5 is for labour and transport. The planting

Weeding

10. Very intensive weeding is required. Most of the weeding is done mechanically, in
lines, using a tractor and rotorvator, but hand weeding is sometimes carried out
simultaneously around the trees. The following operations are done on the average:

Pine Operation Average Cost (K/ha)

1st year 6 mechanical, 4 manual 47
2nd year 4 mechanical, 2 manual 45
3rd year 2 mechanical 23

Total weeding costs (3 yrs.) 115

Eualyptus Operati9n Average Cost (K/ha)

1st year 6 mechanical, 4 manual 47
2nd year 0-2 mechanical 7

Total weeding costs (2 yrs.) 54

Average weighted cost/ha p.a. for Pine and Eucalyptus: K100 (assuming areas
at the start and end of the Project balance each other out for the 2-3 years of
weeding). This cost includes equipment (33 percent), fuel (17 percent) and
labour (50 percent).

programme and costs may be summarized as follows:

Year 1
n
c. 3 4 5 Total

Area (ha)

Pine 3 000 3 000 3 000 3 000 3 000 15 000

Eucalyptus 700 800 900 1 000 1 100 4 500

POPAL 3 700 3 800 3 900 4 000 4 100 19 500

Costs (10000)

(a) Planting

Labour (incl.
transport)

(b) Fertilizing

48 49 51 52 53 253

Borate & NPK 7 8 9 10 11 45

Labour (incl.
transport) 7 8 9 10 11 45

T CTAL 14 16 18 20 22 90

TOTAL (a) + (b) 62 65 69 76 75 343
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Planting and Fertilizing 

8. The present planting distances of 2m '(0 x 2m }O (1 370 plants/ha) for Pine and 
3m 60 x 3m 60 (770 plants/hal for Eucalyptus will be maintained. The average coat (all 
labour) is K15/ha for Pine and K10/ha for Eucalyptus, giving a weighted average of K13/ha, 
which includes 10 peroent for the replacement of failures. 

9. No fertilizers are used for Pine, but borate and NPK are applied in ~ucalyptus 
plantations at the time of planting. The cost of this treatment is K20/ha (1976), of 
whioh K10 is for the borate and NPK, and K5 is for labour and transport. 'rhe planting 
programme and costs may be summarized as follows: . 

Year 
Area (ha) 

Pine 

E>J.calyptus 

TOfAL 

Costs (K'Ooo) 

(a) Planting 

Labour (incl. 
transport) 

(b) Fertilizing 

Borate &: NPK 

Labour (incl. 
transport) 

TOfAL 

TOfAL (a) + (b) 

Weeding 

3 000 
'(00 

3 700 

48 

7 

7 

14 

62 

2 

3 000 

800 

3800 

49 

8 

8 

16 

3 

3 000 

900 

3 900 

51 

9 

9 

18 

4 

3 000 

1 000 

4000 

52 

10 

10 

20 

76 

5 Total 

3 000 15 000 

100 4 500 

4 100 19 500 

53 253 

11 45 

11 45 

22 30 

75 343 

10. Very intensive weeding is required. ~IDst of the weeding is done mechanically, in 
lines, using a tractor and rotorvator, but hand weeding is sometimes carried out 
simultaneously around the trees. The following operations are done on the average: 

(a) Pine Operation Aver!!£;e Cost ( K/ha) 

1st year 6 meohanical, 4 manual 47 
2nd year 4 meohanical, 2 manual 45 
3rd year 2 mechani cal ..n 

Total weeding oosts (3 yrs.) ]J2 

(b) E>J.caln!tus Operation Aver!!£;e Cost ( K/ha) 

1st year 6 meohanical, 4 manual 41 
2nd year 0-2 meohani cal -1 

Total weeding oosts (2 yrs.) ..21 
Average weighted oost/ha p.a. for Pine and E>J.calyptus: Kloo (assuming areas 
at the start and end of the Projeot balanoe each other out for the 2-3 years of 
weeding). This oost inoludes equipment (33 peroent), fuel (17 percent) and 
labour (50 peroent). 
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Recapitulation - Total Establishment Costs (10000)

Reca itulation - Total Establishment Costs by Categories of Expenditure (K1000)

Operation Year 1 2 3 4 5 Total

Land clearing 1 283 571 1 021 354 271 3 500

Soil preparation 27 28 29 30 31 145

Nursery production 56 57 59 60 62 294

Planting and fertilizing 62 65 69 72 75 343

Weeding 370 380 390 400 410 1 290

TOTAL 1 798 1 101 1 568 916 849 6 232

Category Year 1 2 3 4 5 Total

Equipment 877 135 688 142 145 1 987

Materials - Local 26 27 29 30 32 144

Fuel and Lubricants 183 296 299 301 304 1 383

Labour (inc. transport) 312 343 352 360 368 1 (35

Contract 400 300 200 83 - 983

TOTAL 1 798 1 101 1 568 916 849 6 232

3 Total
3 900 4 Ooo 4 100 19 500

128 132 135 642

67 68 70 333

195 200 205 975

390 400 410 1 950

Year 1 2

Area (ha) 3 700 3 800

Costs (10000)

Equipment (tractors,
etc.) 122 125

Fuel & Idbricants 63 65

Labour (incl.transport) 185 190

TorAL 370 380
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Year 1 2 ~ :1 ~ Total 

Area (ha) 3 700 3 800 3900 4000 4 100 19500 

Costs (K'OOO) 
Equipment (tractors, 

etc.) 122 125 128 132 135 642 
Fuel & lubricants 63 65 . 67 68 70 333 
Labour (incl. transport) 185 190 195 200 205 975 

TorAL 370 380 390 400 410 1 950 

RecaEitulation - Total Establishment Costs (K'ooO) 

QEeration Year 1 2 3 :1 :i Total 

Lam clearing 283 571 021 354 271 3 500 

Soil preparation 27 28 29 30 31 145 
Nursery production 56 57 59 60 62 294 
Planting am fertilizing 62 65 69 72 75 343 
Weeding 370 380 390 400 410 290 

TorAL 798 101 568 916 849 6 232 

RecaEitulation - Total Establishment Costs bJ:: Categories of §!Eenditure (K'OOO) 

Catego!:J:: Year 1 2 3 4 :i Total 

Equipment 871 135 688 142 145 ;187 
Materials - Local . 26 27 29 30 32 144 

Fuel and Lubricants 183 296 299 301 304 1 383 

Labour (inc. transport) 312 343 352 360 368 ( 35 
Contract 400 300 200 83 983 

TorAL 798 101 1. ;;68 916 849 6 232 



11. Pruning

(a) Pine

Operation

1st pruning (5 yrs.)
(1 000 stems/ha)

2nd pruning (8 yrs.)
(260 stems/ha)

3rd pruni (11 yrs.)
(260 stems ha)
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B. Maintenance of Plantations (mainly pre-Project)

TOTAL (Labour) 62 62 62 62 62 310

(including transport)

Unit Cost Average area Total cost
(19(6) K/ha (ha) p.a. p.a. (K'000)

10 2 000 20

5 1 500 8

10 1 000 10

Total cost p.a. Fine 38

(b) Eucalyptus

Pruning (at about 2 yrs.) 5 750 4

Average total cost of pruning p.a. Pine + Eucalyptus 42

12. Thinning. Except in the case of first thinnings for Pine, the only cost
involved is for the marking of thinnings as it is assumed that thinnings will be saleable
and the felling and logging costs will be borne by logging operations. The first
Eucalyptus thinning (at 5 years) is a line thinning and involves no marking costs.

Pine Eucalyptus
Thin. I Thin.II Thin.III Thin. II Total
(11 yrs.) (14 Yrs.) (19 yrs.) Total P. (8 yrs.) P + E

Cost K/ha 10 3 2 - 1

Average area
(ha) p.a. 1 500 1 000 250 2 750 800 3 550

Total Cost
(K1000) 15 3 1 19 1 20

Recapitulation Total Cost of PruninR and Thinning (all labour)

_goeration Year 1 2 3 41_ Total

Pruning 42 42 42 42 42 210

Thinning 20 20 20 20 20 100
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B. ~1aintenance of Plantatione (mainly pre-project) 

11. Pruni!!& 

(a) Pine 
Unit Cost Average area ~'otal cost 

Qeeration (12'16) &ha (ha) l2.a. E·a. (K'OOO) 

1st prunins ? yrs.) 
(1 000 stems ha) 10 2 000 20 

2nd pruni~ (8 yrs.) 
(260 stems ha) 5 500 8 

3rd pruni~ (11 yrs.) 
(260 stems ha) 10 1 000 ....lQ... 

Total cost p.a. Pine 38 

(b) Eucal;y:p"cus 

Prunins (at about 2 yrs.) 5 750 4 

Average total cost of prunins p.a. Pine + Eucalyptus 42 

12. Thinni!!&. Except in the case of first thinnill8B for Pine, the only cost 
involved is for the markins of thinnings as it is assumed that thinnings will be saleable 
and the fellins and loggins costs will be bcrne by loggins operatione. The first 
Eucalyptus thinnins (at 5 years) is a line thinnins and involves no marking costs. 

Pine Eucalyptus 
Thin. I Thin.II Thin.III Thin. II Total 
(11 ~s.) (14 ~s.) (12 lrs.) Total P. (8 ~s.) P + E 

Cost K/ha 10 3 2 

Average area 
(ha) p.a. 1 500 000 250 2 750 800 3 550 

Total Cost 
(K'OOO) 15 3 19 20 

Recapitulation Total Cost of Pruni!!& and Thinni!!& ( all labour) 

Qperation Year 1 2 3 ~ :2 Total 

Prunins 42 42 42 42 42 210 

Thinnins 20 20 20 20 20 100 

TarAL (labour) 62 62 62 62 62 310 
(inoludins traneport) 
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C. Roads

13. All road construction and maintenance is included here, even of so-called "loggine
roads, Which are also used for other purposes. However, external firebreaks, Which are
sometimes used as roads, are dealt with separately under Fire Control.

I. Road Construction (new roads)

(K'000) - 5 yrs

Total length 115 52.5 542.5
(km) - 5 yrs

1/ Mid-1976 costs have been increased by 12 percent to allow for the 20 percent
devaluation of the Kwacha in 1976, Which affects all imports (55 percent of
total road costs).

2/ An average of 3 500 ha of new plantations p.a.

-.Category:

Access Roads
(Class B)

"Loggine Roads
(Class C)

Compartment
Roads Class D

Total
all roads

Density
(km/1 000 ha)

10 3 31

Average cost 3 125 2 000 280
(K/km)

Total cost 31 250 6 000 8.680(0 000 ha)

Total cost E/ 109 21 30 160

(K1000) p.a.

Total cost 545 105 150 800
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C. Roads 

13. All road -oonstruction and maintenance is included here, even of so-called "logging" 
roads, which are also used f or other purposes. However, external firebreaks, which are 
sometimes used as roads, are dealt with separately under Fire Control. 

I. Road Construction (new roads) 

Access Roads "Logging" Roads Compartment Total 
.-category: ( Class B) (Class C) Roads r Class D) all roads 

Density 
(km/1 000 ha) 

10 3 31 

Average cost Y 
(K/km) 

3 125 2000 280 

Total cost 31 250 6000 8.680 
(K/ 1 000 ha) 

Total cost Y 109 21 30 160 
(K'ooo) p.a. 

Total cost 545 105 150 800 
(K'OOO) - 5 yrs 

Total length 175 52.5 542.5 
(km) - 5 yrs 

Y Mid-1976 costs have been increased by 12 percent to allow for the 20 percent 
devaluation of the Kwacha in 1976, which affects all imports {55 percent of 
total road costsJ. 

Y An average of 3 500 ha of ~ plantations p.a. 
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II. Road Maintenance

Roads to be maintained annually are as follows:

Access Roads "Loggine Roads Compartment Total
Category (Class B) (Class C) Roads (Class D) all roads

Length (km) of
existing roads 80 90 100 -
(1975)

Length (km) of
new Project roads 90 25 270 -
(total) divided
by 2 1/

Total length (km) 170 115 310
(average)

Average cost p.a. 312.5 200 28
(K/km) 2/

Total cost p.a. 53 23 10.4 86.4
(K1000)

Total cost - 5 yrs 265 115 52 432
(K'000)

1/ To obtain yearly average over the Whole 5-year period

10 percent of capital costs

The total base-line Project costs for road construction and maintenance are
K 1 232 000, of which approximately 60 percent (K 470 000) is for equipment and materials,
and 40 percent (K 492 000) for labour (including transport).

14. 
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II. Road Maintenance 

Roads to be maintained annually are as follows: 

Access Roads II Loggi "8" Roads Compartment 
categorl (Class B) (Class C) Roads (Class · D) 

Length (J<m) of 
existing roads 80 90 100 
(1975) 

Length (km) of 
new Project roads 90 25 270 
(total) divided 
by 2 Y 
Total length (kin) 
(average) 

170 115 3 )0 

Average cost 
(Ir/kIn) Y 

p.a. 312.5 200 28 

Total cost p.a. 53 23 10.4 
(K'OOO) 

Total cost - 5 yrs 265 115 52 
(K'OOO) 

Y To obtain yearly average over the whole 5-year period 

Y 10 p·ercent of capital costs 

Total 
all roads 

86.4 

432 

15. The total base-line Project costs for road construction and maintenance are 
K 1 232 000, of which approximately 60 percent (K 470 000) is for equipment and materials, 
and 40 percent (K 492 000) for labour (including transport). 
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16. Detailed Project costs are given below:

Equipment (machinery) Number Unit Cost Total Cost
(10000) (10000)

Year 1 2 3 4 __.5 Total

Machinery and
equipment 146 - - 146 - 292

Spares 20 5 5 ) 5 40

Fuel & lubricants 44 52 58 64 70 288

Workshop equipment 20 5 5 5 5 40

Material
imported 8 8 8 8 8 40
local 8 8 8 8 8 40

Labour (including
transport 80 88 98 108 118 4)2

TOTAL 326 166 182 34/1 214 1 232

150 HP motor graders 2 (1 yr. 1 & 1 yr. 4) 80 160

5-ton tipper tracks 4 (2 yr. 1 & 2 yr. 4) 33 132

Total equipment (machinery) 292

Spares 40

Fuel and lubricants 288

Workshop equipment 40

Materials - imported 40

local 40

Total non-labour 740

Total labour (including transport) 492

Total road costs (construction & maintenance) 1 232
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16. Detailed Project oosts are given below: 

Equipment (maohinery) Number Unit Cost Total Cost 
!K'OOOl !K'OOOl 

150 HP motor graders 2 (1 yr. 1 &0 1 yr. 4) 80 160 

5-ton tipper trucks 4 (2 yr. 1 &0 2 yr. 4) 33 132 

Total equipment (maohinery) 292 

Spares 40 

Fuel and lubricants 288 

Workshop equipment 40 

M>terials - imported 40 

local 40 

Total non-labour 740 

Total labour (including transport) 472 

·Total road costs (construction &: maintenance) 232 

Year 2 3 1 ::i Total 

~bohinery and 
equipment 146 146 29 2 

Spares 20 5 5 5 5 40 

~uel &: lubricants 44 52 58 64 70 288 

Workshop equipment 20 5 5 5 5 40 

M>terial 
imported 8 8 8 8 8 40 
local 8 8 8 8 8 40 

Labour (including 
transport 80 88 :i8 108 118 492 

TarAL 326 166 182 344 214 232 
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D. Fire Protection

The fire hazard is high in forest plantations on the Copperbelt and losses may
sometimes be appreciable despite normal precautions. For example, some 200 ha of Pine
were completely lost and another 400 ha of Pine were more or less severely scorched in
1975. Fire damage is worst in Fine stands 5 to 8 years old. External firebreaks 15 m
wide are constructed and maintained around all new plantations. Internally, roads are
used as firebreaks. 20 m wide breaks are usually maintained on either side of main
roads. But essentially fire protection consists of controlled burning of firebreaks and
of all plantations while there is a serious fire hazard. Finally, fire control includes
maintaining firefighting vehicles, equioment and fire towers, as well as fire crews.

Fire protection is considered under the following headings:

(i) Construction of external firebreaks (new)

The cost of construction of new external firebreaks is the same as the cost of
land clearing, as the same operation is involved. This cost is assumed to be about
K200/ha. As the width is 15 m, the average area of external firebreaks is 1:k ha per km
and the average cost is K300/km (19(6). The average density is 23 km/1000 ha of new

which a total of 80.5 km (3 500 ha of new Theplantations, gives p.a. plantations p.a.).

(ii) Maintenance of firebreaks

19. All firebreaks are maintained by regular annual stripploughing or discing and
controlled burning. The average cost is K25/km. The average area of plantations during
the project is assumed to be 26 000 + 18 000 = 34 000 ha, and the average lengt'r of
firebreaks to be maintained (at 23 km/1 000 ha) is assumed to be 34 x 23 = 782 km. The
total average cost of firebreak maintenance is K20 000 p.a., made up of:

Equipment

Fuel & lub., etc.

Labour (inc. transport)

K 5 000

K 10 000

K 5 000

average annual cost is, therefore,

Year

K24 000, divided

Cost 00000)

as follows:

3 4 5 Total1 2

(a) by IPD

Equipment 8 8 8 8 8 40

Fuel & lub., etc. 7 f Y f Y 35

Labour (inc. transport) 1 1 1 1 1 5

(b) by contract 8 8 8 8 3 40

TOTAL 24 24 24 24 24 120
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D. Fire Protection 

17. The fire hazard is high in forest plantations on the Copperbelt and losses may 
sometimes be appreoiable despite normal precautions. For sxample, some 200 ha of Pine 
Were completely lost and another 400 ha of Pine were more or less severely scorched in 
1975. Fire damage is worst in Pine stands 5 to 8 years old. External firebreaks 15 m 
wide are constructed and maintained around all new plantations. Internally, roads are 
used as firebreaks. 20 m wids breaks are usually maintained on either side of main 
roads. But essentially fire protection consists of controlled burning of firebreaks and 
of all plantations while there is a serious fire hazard. Finally, fire control includes 
maintaining fire-fighting vehicles, equipment and fire towers, as well as fire crews. 

18. Fire protection is considered under the following headings: 

(i) Construction of external firebreaks (new) 

The cost of construction of new externa l firebreaks is the same as the cost of 
land clearing, as the same operation is involved. This cost is assumed to be about 
K200/ha. As the width is 15 m, the average area of external firebreaks is 1 ~ ha per km 
and the average cost is K300/km (1976). The average density is 23 km/1000 ha of new 
plantations, which gives a total of 80.5 km p.a. (3 500 ha of new plantations p.a.). The 
average annual cost is, therefore, K24 000, divided as follow.: 

Year 

(a) by IPD 

Equipment 

Fuel & lub., etc. 

Labour (inc. transport) 

(b) by contract 

TarAL 

Cost (K'OOO) 

2 

8 8 

7 I 

8 8 

24 24 

(ii) 1(aintenance of firebreaks 

3 

8 

'{ 

8 

24 

4 5 

8 8 40 

{ '{ 35 

5 
8 8 40 

24 24 120 

19. All firebreaks are maintained by regular annual strip-ploughing or discing and 
controlled burning. The average cost is K25/km. The average area of plantations during 
the project is assumed t o be 26 000 + 18 000 = 34 000 ha, and the average length of 
firebreaks to be maintained (at 23 km/1 000 hal is assumed to be 34 x 23 = 782 km. The 
total average cost of firebreak maintenance is K20 000 p.a., made up of: 

Equipment 

Fuel & lub., etc. 

Labour (inc. transport) 

( 25%) 

(5~) 

( 251» 

K 5 000 

K10000 

K 5 000 



20. Assuming half the total area of plantations is controlburnt annually, the average
area involved will be 34 000 . 17 000 ha. At an average cost of K 0.5/ha, the annual

2

average coat will be K 9 000, nearly all of it labour.

Cost (K'000)

Year 3 4 Total

30

cost (VOW)

There are two types of fire tenders: the light one which consists of a
fast, 4WD, 3ton loadcarrying capacity crosscountry vehicle, and the
heavy one which is a proper fire engine. The requirements are one light
tender for 3 500 ha of plantations and one heavy tender for 7 000 ha of
plantations. The average total area of plantations during the Project is
34 000 ha (see the two previous headings). The total requirements, including
replacements, will therefore be 10 light tenders and 5 heavy tenders.

Light tenders Heavy tenders

Total requirement-S 10 5
(number)

No. available in
working order 5 2

Additional no. required 5 3
(new)

Average unit cost 30 40
(K'000) 1/

Total cost
(0000)

150 120 270

Running coste (average)

(Fuel, lub., etc. (p.a. Ki0 000) 50
(Labnur (p.a. Y10 000) 0

Total cost over 5 years 370

1/ Allowing a 20 percent increase over mid-1976 costs (1916 devaluation).

Total
(K'000)

Year 3 4 5 Total

Equipment 2 3 5 7 8 25

Fuel & lub.,
etc. 8 9 10 11 12 50

Labour (incl.
transport) 4 5 5 5 6 25

Total 14 17 20 23 26 100

(iii) Controlled burning

Labour (incl.
transport) 7 8 9 10 11 45

(iv) Fire Control

21. This includes all firefighting equipment and services, and the manning of fire
towers and standby orews during periods of high fire hazard.

(a) Fire tenders
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Cost !K'oool 

Year 2 3 4 5 Total 

Equipment 2 3 5 7 8 25 

Fuel &: lub., 
etc . S 9 10 11 12 50 

Labour (inc 1. 
transport) 4 5 5 5 6 25 

Total 14 17 20 23 26 100 

(iii) Controlled burnin~ 

20. Assuming half the total area of plantations is control-burnt annually, the average 
area involved will be 34 000 - 17 000 ha. At an average cost of K 0.5/11a, the annual 

2 
average cost will be K 9 000, nearly all of it labour. 

Cost !K'OOOl 

Year 1 2 ~ ~ ~ Total 

Labour (inc 1. 
tr8Zlsport) 7 8 9 10 11 45 

(iv) !?ire Control 

21. This inoludes all fire-fighting equipment and services, and the manning of fire 
towers and standby orews during periods of high fire hazard. 

(a) "ire tenders 

There are two types of fire tenders: the light one which consists of a 
fast, 4IID, 3-ton load-carrying capacity cross-country vehicle, and the 
heavy one which is a proper fire engine. The requirements are one light 
tender for 3 500 ha of pl8Zltations and one heavy tender for 7' 000 ha of 
plantations. The average total area of plantations during the Project is 
34 000 ha (see the two previous headings). The total requirements, including 
replacements, will therefore be 10 light tenders 8Zld 5 heavy tenders. 

Light tenders 

Total requirements 10 
(number) 

No. available in 
working order 5 

Additional no. required 5 
(new) 

Average unit cost 30 
(K'OOO) 11 

Total cost 
150 (K'OOO) 

Running costs (average) 

(Fuel, lub., etc. (p.a. K10 000) 
(Labnur (p.e. K10 000) 

Hea!l tenders 

5 

2 

3 

40 

120 

Total cost over 5 years 

i7 AllOwing a 20 percent increase over mid-1976 coet. (1976 devaluation). 

Total 
(K'600) 

270 



Year

Equipment

Fuel9 lub.9
etc.

Labour (incl.
' transport)

Total

(b) Fire towers

Requirements 1 large tower (30 m high) for 1 800 ha.
1 small tower (8 m high) for 4 000 ha.

Large tower Small %ower Total

No. required p.a. 2 1 3

Unit cost (10000) 7 2

of which (materials 4 1 5

(labour 3 1 4

Total coot p.a. 14 2 16
of which (materials -8 1 9

(labour 6 1 7

1 2 3

100 100

8 9 10

8 9 10

116 18 120

(c) Firefih-ljas_tvila_.ment1/
60 W. 25 W. 10 W. Other
radios radios radios Equipment

No. required (5 years) 6 50 50

Unit cost (K000) 2.5 1 0.8
Total cost (0000) 5 yrs. 15 50 40 20

Grand total cost (10000) yrs. 1.2.2

Year 4 Total

1/Allowing a 20% increase over mid-1976 costs (1976 devaluation).

Total

270

50

50

370

Year
1 2 3 5 Total

Materials (incl. 9
transport)

Labour (incl. 7
transport)

9

7

9

7

9

7

9

7

' 45

35

Total 16 16 16 16 80

Equipment 75 50 125

22 94

4

70

12

il 12

Year 1 2 3 4 2 Total 

Equipment 100 100 70 270 

Fuel, lub., 8 9 10 11 12 50 
etc. 

Labour (incl. 8- 9 10 11 .12 50 
transport) 

Total 116 18 120 22 94 370 

(b) Fire towers " . -
22. '. Requirements - --1· large tower (30 m high) .for 1 800 ha. 

1 small tower (8 m high) for 4 000 ha. 

Lar~ tower Small ~ower ~ 

No. require.d p . a.. 2 3 

Unit cost (K'OOO) 7 2 

of which ~materials 4 1 5 
labour 3 1 4 

Total cost E.a. _ 14 . 2 16 
of which (materials '8 1 - 9 

(labour 6 1 7 

Year 1 2 3 4 5 Total 

Materials (incl. 9 9 
transport) 

9 9 9 45 

Labour (incl. 7 7 
transport) 

7 7 7 35 

Total 16 16 16 16 16 80 

23 . (c) Fire fi~ting e~i~mentll 
60 w. 25 w. 10 W. Other 
radios radios radios E~i;Ement 

No. required (5 years) 6 50 50 
Unit cost (K'OOO) 2.5 1 0.8 

Total cost (K'OOO) - 5 yrs . 15 50 40 20 

Grand total oost (K ' OOO) - yrs. ~ 

Year 1 2 3 4 :2 Total 

Equipment 75 50 125 

1i Allowing a 20% increase over mid-1976 costs (1976 devaluation). 
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(d) Fire orews and fire-fighting

Average cost all labour - (10000)
p.a. - 20

5 years - 100

Year 1 2 3 4 5 Total

Labour 16 18 20 22 24 100

24. Recapitulation fire control (iv) (a-d) (10000)costs

Year 1 2 3 4 5 Total

Equipment 175 - 100 50 70 395

Materials 9 9 9 9 9 45

Fuel, lub., etc. 8 9 10 11 12 50

Labour (incl.
transport) 31 34 37 40 43 185

TCTAL 223 52 156 110 134 6(5

25. Recapitulation - all fire protection costs (0 to (iv) (10000)

Year 1 2 3 4 5 Total

Equipment 185 11 113 65 86 460

Materials local 9 9 9 9 9 45

Fuel, lub., etc. 23 25 27 29 31 135

Labour (incl.
transport) 43 48 52 56 61 260

By contract 8 8 8 8 8 40

TCTAL 268 101 209 167 1)5 940
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(ci) Fire orews and fire-fishti~ 

Average ooat - all labour - (K'OOO) 
p.a. - 20 
5 yeara - 100 

Year. 2 ~ ~ ~ Total 

Laboilr 16 18 20 22 24 100 

24. RecaEitulation fire control costs (iv) (a-d) (K'OOO) 

Year 1 2 3 ~ ~ Total 

Equipment 175 100 50 70 395 
Materials 9 9 9 9 9 45 
Fuel, lub., etc . 8 9 10 11 12 50 
Labour (incl. 

transport) 31 34 31 40 43 185 

TarAL 223 52 156 110 134 6(5 

25· RecaEitulation - all fire Erotection costs (t) to (iv 1 (K'OOO) 

Year 2 3 ~ :i Total 

Equipment 185 11 113 65 86 460 
~laterials local 9 9 9 9 9 45 
Fuel. lub., etc. 23 25 21 29 31 135 
Labour (incl. 

transport) 43 48 52 56 61 260 

By contraot 8 8 8 8 8 40 

TarAL 268 101 209 167 135 940 
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27. Reca itulation - all afforestation costs Direct costs A to D

Total

By categories of expenditure K'000

2 3 4 5Category Year 1

Equipment

Materials - local

Fuel and
lubricants

Labour (incl.
transport)

Contract

TOTAL

1 256

43

250

497

408

164

44

373

544

308

819

46

384

564

208

371

42

394

586

91

249

49

405

609

8

2

1

2

1

859

229

806

797

023

2 454 1 430 2 021 1 489 1 320 8 714

26. Recapitulation - all afforestation costs (A to D)

4 5 Total

Direot costs (10000)

1 2 3Year

1. Establishment
of plantations

2. Maintenance of
plantations

3. Roads - con,-
struction and
maintenance

4. Fire protec-
tion

TOTAL

1 798

62

326

268

1 101

62

166

101

1 568

62

182

209

916

62

344

167

849

62

214

195

6

1

232

310

232

940

2 454 1 430 2 021 1 489 1 320 8 714
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26. Reca itulation - all afforestation ooate 
Direot ooets K'OOO 

Year 2 ~ ~ ~ Total 

1. Eetabl1shlllent 
of plantations 798 101 568 916 849 6 232 

2. M!>intenanoe of 
plantations 62 62 62 62 62 310 

3. Roads - co ..... 
struotion and 
maintenance 326 166 182 344 214 1 232 

4. Fire protec-
tion 268 101 209 167 195 940 

TaUL 2 454 430 2 021 489 320 8 714 

27. Direct costs 

Cates:o!:;l:': Year 2 3 ~ ~ Total 

Equipment 1 256 164 819 371 249 2 859 , 
IoRterials - local 43 44 46 42 49 229 

fuel and 
lu.bri cants 250 373 384 394 405 806 

Labour (incl. 
transport) 497 544 564 586 609 2 797 

Contract 408 308 208 91 8 1 023 

TarAL 2 454 1 430 2 021 489 1 320 8 714 
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E. Non,-Afforestation (Indirect) Costs
(Project Management)

Administration and Overheads

28. The average IPD establishment (staff) costs during the Project would be as

4, 126 housing allowance
Total cost (salaries and all allowances) p.a. 463.
Office expenses (average) p.a. 27
Average Total Cost of Administration and

Overheads p.a. 422

follows:

Unit cost p.a.1/ Total cost p.a.
Posts No. (K'000)_ (K'000)

Director 1 8.7 8.7
Financial Controller 1 8.7 8.7
Conservators 5 8.2 41.0
Auditors & Senior Accountants 3 6.8 20.4
Engineers, Managers, Senior
Forest Officers 11 6.4 70.4

Senior Mechanics & Clerks of Works 6 5.8 34.8
Electrical Officers & Building

Officers 5 4.9 24.5
Foresters 10 4.9 49.0
Accountants 4 4.6 18.4
Executive Officers, Surveyors,
Transport Officers 13 3.2 41.6

Assistant Accountants 5 3.0 15.0
Stenographers 3 2.7 8.1
Typists 8 2.0 16.0

Senior Officers 10 1.9 19.0

Clerical Officers 15 1.7 25.5
Junior Clerical Officers 8 1.3 10.4

Total 411.5

1/ Including salary and allowances (excluding housing

29. Recapitulation - administration and overhead costs

allowance).

4 5 TotalYear 1 2 3

Salaries and
allowances 463 463 463 463 463 2 315

Office expenses
(materials and
services) 27 27 27 27 27 135

TOTAL 490 490 490 490 490 2 450
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E. Costs 

Administration and Overheads 

28. The average IPD establishment (staff) costs during the Projeot would be as 
follows I 

29. 

Unit oost p.a.lI Total cost 
Posts No. (K'OOO) (K'OOO) 

Director 
Financial Controller 
Conservators 
Auditors & Senior Aooountants 
'Engineers, Managers, Senior 

Forest Officers 
Senior Mechanics & Clerks of Works 
Eleotrical Officers & Building 

Officers 
Foresters 
Aooountants 
El:eouUve Offioers, Surveyors', 

Transport Offioers 
Assistant Aooountants 
Stenographers 
Typists 
Senior Offioers 
Clerical Officers 
Junior Clerical Offioers 

1 
1 
5 
3 

11 
6 

5 
10 
4 

13 
5 
3 
8 

10 
15 
8 

8.7 
8.7 
8.2 
6.8 

3.2 
3.0 
2.7 
2.0 
1.9 
1.7 
1.3 

Total 

+ 1 * housing allo .... noe 
Total oost (salaries and all allowances) p.a. 
Offioe expenses (average) p.a. 
Average Total Cost of Administration and 

Overheads p.a. 

70.4 
34.8 

24·5 
49.0 
18.4 

41.6 
15.0 
8.1 

16.0 
19.0 
25.5 
10.4 

411.5 

y Inoluding salary and allo .... noes (exoluding housing allowance). 

RecaRitulation - administration and overhead oosis 

Year 2 3 4 5 

Salaries and 
allowanoes 463 463 463 463 463 

Offioe expenses 
(II&terials and 
lIervioes) 27 27 27 27 2'1 

TarAL 490 490 490 490 490 

Total 

2 315 

135 

2450 



The buildings required the additional for theonly new during project are housing

F. Housing (additional)

31. It is assumed that on the average labour and materials will account for about half the total costs each,
and that the foreign exchange component will be about 25 percent of total costs.

Year 1 2 3 4 5 Total
Unit cost
(MOO)

Type (at 1976 Qty. T. Cost Qty, T. Cost Qty. T. Cost Qty. T. Cost Qty. T. Cost Qty. T. Cost
prices) (K'000) (K'000) 00000) (10000) (K'000) (K1000)

Low density 16 3 48 2 32 2 32 2 32 3 48 12 192

Medium density 12 4 48 2 24 2 24 3 36 4 48 15 180

High density 4 60 240 60 240 70 280 70 280 90 360 350 1400

Ablution blocks 6 10 60 6 36 7 42 7 42 9 54 39 234

Electricity and
Water Services 50 50 50 50 50 250

TOTAL 446 382 428 440 560 2256

Recapitulation housing costs (10000)

Year 1 2 3 4 5 Total

Labour (inc.
transport) 223 191 214 220 280 1 128

Materials
local 112 96 107 110 140 565
foreign 111 95 107 110 140 563

TCTAL 446 382 428 440 560 2 256

F. Housing (additional) 

30. The only neW buildings required during the project are additional housing for the staff. 

Year 2 3 4 5 Total 
Unit cost 

(K'ooO) 
Type (at 1976 Qty. T. Cost Qty. T. Cost Qty. T. Cost Qty. T. Cost Qty. T. Cost Qty. T. Cost 

;ericesl (K'OOOl (K'OOOl (K'ooOl (K'ooOl (K'Oool (K'OOOl 

Low density 16 3 48 2 32 2 32 2 32 3 48 12 192 

Medium density 12 4 48 2 24 2 24 3 36 4 48 15 180 

High density 4 60 240 60 240 70 280 70 280 90 360 350 1400 

Ablution blocks 6 10 60 6 36 7 42 7 42 9 54 39 234 

Electricity and 
Water Services 50 50 50 50 50 250 

TarAL 446 382 428 440 560 2256 

31. It is assumed that on the average labour and materials will account for about half the total costs each, 
and that the foreign exchange component will be about 25 percent of total costs. 

Reca;eitulation - housing costs (K'OOO) 

Year 2 3 1 :2 Total 

Labour (inc. 
transport) 223 191 214 220 280 128 

M!.terials 
local 112 96 107 110 140 565 
foreign 111 95 107 110 140 563 

TarAL 446 382 428 440 560 2 256 

t: 



C_a;_tegom_
8-ton flat trucks

5-ton trucks or vans

Personnel vehicles

Motor cycles
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G. kuilaing Maintenance

32. The average cost of maintaining all Project buildings, old and new, is estimated
at K100 000 p.a., of Which about half is for labour and half for materials (50 percent
foreign).

Building maintenance costs are, therefore, estimated thus:

H. Administrative Vehicles & Labour Trans ort

At the end of the Phase I project, the following administrative vehicles were in

working ordér:

Trucks and vans 37
Personnel vehicles 22

Motorcycles 8

It is assumed that almost half of these vehicles will be used in afforestation
(the other half in logging, forest industries, etc.). Provision is nade for the

following replacements during the Project period:

Number

Average Unit Total Cost
Cost (1976) (5 years)
(i0000) (10000)

19.4 194

16 160

9 90

2 20

TOTAL 464

Costa (Klóclo)

Year 2 3 5 Total

Labour (incl.
transport) 40 45 50 55 60 250

Materials
local 20 23 25 28 30 126

foreign 20 22 25 27 30 124

TOTAL 80 90 100 110 120 500
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G. Building Maintenanoe 

32. The average oost of maintaining all Project buildings, old and new, is estimated 
at Kloo 000 p.a., of whioh about half is for labour and half for materials (50 percent 
foreign). 

Building maintenance costs are, therefore, estimated thus: 

Costa (K'OOO) 

Year 1 2 3 1 ~ Total 

Labour (incl. 
transport) 40 45 50 55 60 250 

Materials 
local 20 23 25 28 30 126 
foreign 20 22 25 27 30 124 

TarAL 80 90 100 110 120 500 

H. Administrative Vehicles &: Labour Transport 

33. At the end of the Phase I project, the following administrative vehicles were in 
working order: 

Trucks and vans 
Personnel vehicles 
Motorcycles 

37 
22 
8 

34. It is assumed that almost half of these vehicles will be used in afforestation 
(the other half in logging, forest industries, etc.). Provision is made for the 
following replacements during the Project period: 

Average Unit Total Cost 
Cost (1976) (5 years) 

category Number (K'OOO) (K'Ooo) 

1. 8-ton flat trucks 10 ) 19.4 194 

2. 5-ton trucks or vans 10 ) 2 p.a. 
16 160 

3. Personnel vehicles 10 ) 9 90 

4. Motor oyoles 10 ) 2 20 

TarAL 464 
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35. The average annual running oasts of the existing administrative vehicles and for
the tranaport of labour to the work sites (for afforestation operations only) are:

Unit Cost p.a. Total Cost p.a.
Item Number K1000) (K'000)

Labour drivers 25 1 416 35 400
skilled workers 10 1 000 10 000
unskilled workera 20 492 9 840
Total labour 55 55 240

Fuel and lubricants (imported) 510 000

Spares (imported) 20 000

TOTAL 125 240

Cost of administrative vehicles, including labour transport

Item

Vehicles &
equipment (new)

Running cost:

Labour

Fuel and lubricants

Spares

T OPAL

Year 1 2 3 4 5 Total

100 100 100 100 64 404

55 55 55 55 55 275

50 50 50 50 50 250

20 20 20 20 20 100

225 225 225 225 189 1 089

The cost of labour transport for all afforestation operations has been included in the
cost of labour in each case, and it is assumed that it represents about 10 percent of
total labour costs. As the average annual labour costs for afforestation come to
K559 400, labour transport represents approximately K56 000 of it. This must be deducted
from the totals given above in order to avoid double counting. The actual cost of
administrative vehicles and transport under nonafforestation (indirect) costs is
therefore K1 089 0100 less 1(280 000 (1(55 000 x 5) = K809 000. Labour transport thus
represents 25 percent of the total cost of administrative vehicles 4- labour transport,
and by gubtracting 25 percent we obtain:
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35. The average anmual runninB oost. ot the existinB adminietrative vehicles and for 
the transport ot labour to the work aitee (for attoreetation operations on~) ares 

Item NuI!Iber 
Uni t Cost p.a. 

(X'OOO) 
Total Cost p.a. 

(X'OOO) 

Labour - drivers 
skilled workers 
unskilled workers 

Total labour 

Fuel and lubrioants (imported) 

Spares (imported) 

TorAL 

Cost of administrative vehicles. 

25 
10 

.1Q 

55 

inoludi!!& 

1 416 
1 000 

492 

labour transEort 

35 400 · 
10000 
9 840 

55 240 

50 000 

20 000 

125 240 

Item Year 2 3 4 5 Total 

Vehicles & 
equipment (new) 100 100 100 100 64 

Running cost: 

Labour 55 55 55 55 55 

Fuel and lubricants 50 50 50 50 50 

Spares 20 20 20 20 20 

TorAL 225 225 225 225 189 

The cost of labour transport for all afforestation operations has been included in the 
cost of labour in each case, and it is assUmed that. it represents about 10 percent of 
total labour costs. As the average annual lauour costs for afforestation come to 

404 

275 

250 

100 

089 

K559 400, labour transport represents approximate~ K56 000 of it. This must be deducted 
from the totals given above in order to avoid double counting. The actual cost of 
administrative vehicles and transport under non-afforestation (indirect) costs is 
therefore K1 089 000 less K280 000 (K55 000 x 5) = K809 000. Labour transport thus 
represents 25 percent of the total cost of administrative vehicles + labour transport, 
and by subtracting 25 percent we obtain: 
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Revised cost of administrative vehicles (excluding labour transport)

I. Surveys and Traininz

36. The average annual cost of surveys in K30 000, made up of labour (K15 000) and
materials (K15 000).

IFD has its own training centre, and average annual costs of training are
estimated at K10 000 (for materials)..

The total costs of surveys and training come to:

Costs (K°000) 3i Total

Reca itulation - Non-afforestation: (Indirect)Costs (E-Ii
Project WU ement

Costs (K10001

Year 1 2 3 4 5 Total

Salaries St allowances

Vehicles & equipment

Fuel & lubricants
Materials - foreign

local
Labour

TOTAL

463

75

38

161

169

319

463

75

38

147

156

292

463:

75

38

162

169

320

463

75

38

167

1y5

331

463

38

38

200

207

396

2

1

315

348

190

837

876

658

1 225 1 171 1 221 1 249 1 352 6 224

Itese Year 1. 2 -3 4 5 Total

Vehicles & equipment 75 75 75 75 48 348
Labour 41 41 41 41 41 205

Fuel & lubricants 38 38 38 38 38 190

Spares 15 15 15 15 15 (5

TOl'AL 169 169 169 169 142 818

Surveys labour 15 15 15 15 15 75

materials 15 15 15 15 15 75

Training - materials 10 10 10 10 10 50

TMAL 40 40 40 40 40 200

Revised 008t of ad..iniatraUve vehioles (exoluding iabour transport) 
, , ,'. "' -'. " 

It. Tear 1 " ' j 2 d ~ ~ ; :2 ' Total , 

Vehiolaa & ~ipment 75 75 75 75 48 348 
Labour 41 41 41 41 41 205 
Puel '& lubricants ' 38 38 38 38 38 1,90 

Spares 15 15 ,15, 15 15 75 

TarAL 169 169 169 169 142 818 

I. Surve;ys and Training 

36. The average anmal oosi of surveya is K30 000, made up of labour (K15 000) and 
materials (X15 ooo). 

IPD baa its own iraining oentre, and average annual costs of training are 
eaUaated ai X10 000 (for iaaieriala.) ; , ' , 

The total oosis , of surveya .. and. training come to: 

Costs (X'OOO) 

Tear 1 2 ~ 1 :2 Total 

Surveys - labour 15 15 15 15 15 75 
lIIILierials 

.,; 
15 15 15 15 15 7:-

Training - materials 10 10 10 10 10 50 

TarAL 40 40 -40 40 40 200 

Reca iiulaiion - Hon-affore.iaiion: 
Pro'eoi eni 

Costa (x'OOOl 
,.-' . 

Tear 1 , , 2 3 4 :2 Toial 

Salaries & allowanoes ,! 463 " . 
463 463 , .463 ,463 2 315 

Vehioles & equipmeni 75 75 75 75 38 348 
Puel & lubricanis 38 38 38 38 38 190 
Materials - foreign 161 147 162 167 200 837 

local 169 156 169 1'15 207 876 

Labour 319 292 320 331 396 658 

TarAL 1 225 1 171 1 227 1 249 1 352 6224 



Plantations

Direct and Indirect Costs (K'000)

1

u,
4D,

I

1978
Year 1

1979
Year 2

1980
Year 3

1981
Year 4

1982
Year 5

Total
5 Years

ForeiEn Exchange
Amount

Equipment and vehicles

Materials: foreign

local

Fuel and lubricant

Labour: afforestation

other

Contract

Salaries & allowances

TOPAL

1 331

161

212

288

497

319

408

463

239

147

200

411

541

292

308

463

894

162

215

422

564

320

208

463

446

167

222

432

586

331

91

463

297

200

256

443

609

396

8

463

3

1

1

2

1

' 1

2

207

837

105

996

797

658

023

315

3

1

046

795
-

896

-
-

511

-

95

95
-

95

-
-

50

30

3 679 2 601 3 248 2 738 2 612 14 938 6 248 46

Plantations 

Direct and Indirect Costs (K'OOOl 

1978 1979 1980 1981 1982 Total Forei&n Exchange 
Year 1 Year 2 Year 3 Year 4 Year 5 5 Years Amount % 

Equipment and vehicles 331 239 894 446 297 3 207 3 046 95 

Materials: foreign 161 147 162 167 200 837 795 95 
local 212 200 21 5 222 256 105 

Fuel and lubricant 288 411 422 432 443 1 996 1 896 95 

Labour: afforestation 497 541 564 586 609 2 797 

other 319 292 320 331 396 658 "" '" 
I 

Contract 408 308 208 91 8 1 023 511 50 

Salaries & allowances 463 463 463 463 463 2 315 30 

TarAL 3 679 2 601 3 248 2 738 2 672 14 938 6 248 46 



Introduction

The conditions in Zambia provide ample justification for the construction of a new
sawmill for the production of pine and eucalyptus lumber. The present capacity of
existing sawmills at Chati and Dola Hill are not sufficient to handle the increasing
volume of pine and eucalyptus sawlogs from TPD after 1978. Log yield projections
indicate that an additional sawmill would be required by then.

A sawmill would have an estimated capacity of 250 m3(r) log input per 8hour shift,
corresponding to a lumber output of 113 m3(s) per 8hour shift, assuming the.average
lumber yield to be 45 percent.

It has been assumed that the domestic demand for pine and eucalyptus lumber in
Zambia will be sufficient to keep the proposed new sawmill at Chati operating on one shift
per day in 1980, producing 20 000 m3(s) per year, and 2 shifts per day in 1982, producing
46 000 m3(s) in that year.

The most economical site for the Project sawmill is at Chati, where there is
already sufficient land, labour, water, management and other supporting infrastructure.
A future sawmill (probably 1982) would be built at the site of the proposed pulp and
paper mill.

Proper utilization of sawmill waste should be of particular importance to the
sawmills in Zambia which are processing pine and eucalyptus sawlogs from TPD plantations.
Since the lumber yield is about 45 percent, the main product of these mills in terms of
volume is not lumber but sawmill waste. The production of chips from sawmill waste for
production of pulp or panels would require that a suitable chipper be installed at the
end of the main waste conveyor, together with chipconveyor and chipstorage bins for
loading of trucks.

Capital Requirement for Sawmill

41

PROJECT SAWMILL

Sawmill equipment,crated for export, fob Chattanooga, Tenn., USA
(estimated gross weight 180 tons)
(estimated total volume 490 m3)

Estimated land and sea freight

Sawmill equipment, cif Chati

ANNEX 2

Kwa cha

625 000

100 000

725 000

In addition, logging and transport equipment to supply the sawmill is required,
at a capital cost of K 990 000.

- 41 -

ANNEX 2 

PR UJECT SAWMILL 

Introduotion 

1. The conditions in Zambia provide ample justification for the oonstruction of a new 
sawmill for the production of pins and eucalyptus ' lumber. The present capacity of 
existing sawmills at Chati and Dola Hill are not sufficient to handle the increasing 
volume of pine and eucalyptus sawloga from IPD after 1978. Log yield projecti0ns 
indicate that an additional sawmill would be required by then. 

2. A sawmill would have an estimated capacity of 250 m3(r) log input per 8-hour shift, 
oorresponding to a lumber output of 113 m3(s) per 8-hour shift, assuming the ,average 
lumber yield to be 45 percent . 

3. It has been assumed that the domestic demand for pine and eucalyptus lumber in 
Zambia will be sufficient to keep the proposed new sawmill at Chati operating on one shift 
per day in 1980, producing 20 000 m3(s) per year, and 2 shifts per day in 1982, producing 
46 000 m3(s) in that year. 

4. The most economical site for the Project sawmill is at Chati, where there is 
already sufficient land, labour, water, management and other supporting infrastructure. 
A future sawmill (probably 1982) would be built at the site of the proposed pulp and 
paper mill. 

5. Proper utilization of sawmill waste should be of particular importance to the 
sawmills in Zambia which are processing pine and eucalyptus sawlogs from IPD plantations. 
Since the lumber yield is about 45 percent, the main product of these mills in terms of 
volume is not lumber but sawmill waste. The production of chips from sawmill waste for 
production of pulp or panels would require that a suitable chipper be installed at the 
end of the main waste conveyor, together with chip-conveyor and chip-storage bins for 
loading of truoks. 

capital Requirement for Sawmill 21 

Sawmill equipment,crated for export, fob Chattanooga, Tenn., USA 
(estimated gross weight 180 tons) 
(estimated total volume 490 m3) 

Estimated land and sea freight 

Sawmill equipment, cif Chati 

Kwacha 

625 000 

100 000 

725 000 

21 In addition, logging and transport equipment to supply the sawmill is required, 
at a capital cost of K 990 000. 
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1/Excluding taxes, interest payments and depreciation allowances.

Manufacturing Coati/ at Full Capacity (twoshift operation)

Wood Cost K per year

Eucalyptus sawlog stumpage 239 200
29 950 m3 (r) x K 8

Pine sawlog stumpage 1 595 000
72 500 m3 (r) x K 22

Total Wood Cost 1 834 200

Logging and log transport cost 614 400
102 400 m3 (r) x K 6

Electric energy
40 000 m3 (s) x 75 kWh x 0.22 60 000

Operating and Maintenance Supplies 120 000

Petroleum products and tires 60 000

Direct Labour:
20 skilled at K 1 700 34 000
30 semiskilled at K 1 000 30 000
60 unskilled at K 600 36 000

Total Direct Labour 100 000

Installation Cost

Sawmnir Installed-lent

175 000

900 000

Contingencies (including chipping plant) 75 000
Fees paid to Engineering and Contracting firms 75 000
Site preparation (levelling and surfacing) 250 000
Building, 2 storey, on concrete slab foundation 300 000
Moving Equipment 250 000
Machine shop equipment 100 000
Extra spare parts and stores 150 000
Interest during construction 100 000

Total Plant Cost K 2 200 000

Working Capital 400 000

Total Capital Requirement K 2 600 000
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Inst allat ion Cost 

Sawmill Equipment Installed 

Contingencies (including chipping plant) 

\. 

Fees paid to Engineering and Contracting firms 
Site preparation (levelling and surfacing) 
Building, 2 storey, on concrete slab foundation 
Moving Equipment 
Machine shop equipment 
Extra spare parts and stores 
Interest during construction 

Total Plant Cost 

Working Capital 

Total Capital Requirement 

Manufacturing cost-Y at Full Capacity (two-shift operation) 

Wood Cost 

EUcalyptus sawlog stumpage 
29 950 m3 (r) x K 8 

Pine sawlo~ stumpage 
72 500 m3 lr) x K 22 

Total Wood Cost 

Logging and log transport cost 
102 400 m3 (r) x K 6 

Elect ric energy 
40 000 m3 (s) x 75 kWh x 0.22 

Ope rat ing and Maintenance Supplies 

Petroleum products and tires 

Direct Labour: 
20 skilled at K 1 700 
30 semi-skilled at K 1 000 
60 unskilled at K 600 

Total Direct Labour 

34 000 
30 000 
36 000 

jj Excluding taxes, interest pa;yments and depreciation allowances. 

11:2 000 

900 000 

75 000 
75 000 

250 000 
300 000 
250 000 
100 000 
150 000 
100 000 

K 2 200 000 

400 000 

K 2 600 000 

K per year 

239 200 

59:2 000 

1 834 200 

614 400 

60 000 

120 000 

60 000 

100 000 



cted Sales

Estimates of sales revenue are based on the following prices and product
mix:

Eucalyptus luMber, green and rough K per m3 (s)

Boards longer than 1.5 m 86
Shorts 48
Waney edge boards 25

Pine luatera_green and rough

Boards longer than 1.5 m 126
Shorts 63

It has been assumed that the eucalyptus lumber from this mill will consist
of 65% long boards, 25% shorts and 10% waney edge boards. Similarly, it was
assumed that pine lumber from the mill would consist of 75% longs and 25% shorts.

Pro ected Sales Volume and Revenue

43

Sales Volume
Pine Eucalyptus Total Pine

Sales Revenue
Eucalyptus Total

Year (°000 m3) (K million)

1979 6.5 3.7 10.2 0.72 0.26 0.98
1980 13.1 7.3 20.4 1.44 0.52 1.96
1981 19.9 13.5 33.4 2.19 0.95 3.14
1982-93 32.6 13.5 46.1 3.60 0.95 4.55

Total Conversion Costs 1 212 400

Total Production Costs 3 046 000

Physical Contingencies 304 700

Total Manufacturing Costs 3 351 300

Administration and Mill Supervision 120 000

Allowances and Bonuses:
45% of wages for direct labour 46 000
35 of salaries 42 000

Miscellaneous Overhead Costs 50 000
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Administration and Mill Supervision 

Allowances and Bonuses: 
45% of wages for direct laliour 
3% of salahes 

~liscellaneous Overnead Costs 

Total Conversion Costs 

Total Production Costs 

Physical Contingencies 

Total Manufacturing Costs 

Projected Sales 

120 000 

46 000 
42 000 

50 000 

212 400 

3 046 000 

304 700 

3 351 300 

6. Estimates of sales revenue are based on the following prices and product 
mix: 

Eucalyptus lumber, green and rough K per m3 (s) 

Boards longer than 1.5 m 
Shorts 
Waney edge boards 

Pine lumber, green and rough 

86 
48 
25 

Boards longer than 1.5 m 126 
Shorts 63 

7. It has been assumed that the eucalyptus lumber from this mill will consist 
of 65% long boards, 25% shorts and 10% waney edge boards. Similarly, it was 
assumed that pine lumber from the mill would consist of 7"jfl, longs and 25% shorts. 

Projected Sales Volume and Revenue 

Sales Volume Sales Revenue 
Pine Eucalyptus Total Pine Eucalyptus Total 

Year ('000 m3) (K million) 

1979 6·5 3.7 10.2 0.72 0.26 0.98 
1980 13.1 7.3 20.4 1.44 0·52 1.96 
1981 19.9 13 . 5 33.4 2.19 0.95 3.14 
1982-93 32.6 13.5 46.1 3;60 0.95 4.55 



Financial Rate of Return

I8. Projections of financial cash flow/ are given, in constant 1977 prices,
in Tale 2 of this Annex. These projections value sawlogs at the replacement
cost unit values calculated in Annex 4 (plus a 10% allowance for Physical
contingencies). The build-up to full capacity is at the rate indicated in
the section above on sales, and costs have been pro-rated accordingly. The
financial rate of return computed from these projections is 15..

Economic Rate of Return

9. In order to arrive at projections of economic costs and benefits (Table 3
of this Annex) the following adjustments to the financial accounts have been
made:

Imported inputs and outputs which will substituto for imported supplies
have been valued at US$1.00 K 0.9 instead of the official
US$1.00 = K 0.8.

The real value of sawnwood outputs has been assumed to rise at
the rate set out an p. 17.

Local labour was shadow priced at 60% of the financial cost.

10. on this basis, the economic rate of return has been established to be

44

Exicuding transfer costs and financial transactions, such as taxes, interest
payment and allowances for depreciation.
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Finallcial Rate of Return 

8. Projections of financial cash flowY are given, in constant 1977 prices, 
in Table 2 of this Annex. These projections value sawl ogs at the replacement 
cost unit values oalculated in Annex 4 (plus a 10% allowance for physical 
contingencies). The build-up to full capacity is at the rate indicated in 
the section above on sales, and costs have been pro-rated accordingly. The 
financial rate of return computed from these projections is 15.$. 

Economic Rate of Return 

9. In order to arrive at projections of economic costs and benefits (Table 3 
of this Annex) the following adjustments to the financial accounts have bsen 
made: 

(1) Imported inputs and outputs which will substitute for imported supplies 
have been valued at US$1.00 = K 0.9 instead of the official 
USS1.00 = K 0.8. 

(2) The real value of sawnwood outputs has been assumed to rise at 
the rate set out on p. 17. 

(3) Local labour was shadow priced at 6af, of the financial cost. 

10. On this baSis, the economic rate of return has been established to be 
32.0%. 

Y Exlcuding transfer costs and financial transactions, such as taxes, interest 
pa.yment and allowances for depreciat ion. 



- 45 -

ANNEX 2
TABU; 1

Project Sawmill

i/of which 40% accounted for by labour costs.

E/at 10% of base costs.

1978 1979 1980 1981 1982
Foreign
Excharm

(K million)

Revenue 0.98 1.96 3.14 4.55 100

Capital Costs

Logging 0.71 0.28 - - - 98
Sawmill - - - - - 65

Moving equipment 0.25
Other equipment 1.70
Other .25

Working capital .40 - - _

Total 2.60 0.28

Manufacturing Costs

Wood 0.39 0.77 1.21 1.83
Logging and transportL1J 0.14 0.27 0.44 0.61 50
Conversion costs 33

Supplies 0.05 0.10 0.17 0.24
Labour 0.03 0.06 0.10 0.15
Other 0.04 0.08 0.15 0.21

Total 0.65 1.30 2.07 3.04

Physical contingencies/ 0.33 0.09 0.13 0.21 0.30

Total Costs 3.64 1.02 1.43 2.28 3.34
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Project Sawmill 

1918 1219 

(K 

Revenue 0.98 

Capital Costs 

Logging 0.11 0.28 
Sawmill 

Moving equipment 0.25 
Other equipment 1.70 
Other .25 

Working capital .40 

Total 2.60 0.28 

Manufactu ring Cost s 

Wood 11 0.39 
Logging and transport 0.14 
Conversion costs 

Supplies 0.05 
Labour 0.03 
Other 0.04 

Total 0.65 

Physical contingenciesSl 0.33 0.09 

Total Costs 3.64 1.02 

17 of wh ich 40'fr accounted for by labour costs. 

slat 10% of base costs. 

ANNEX 2 
TABLV, 1 

Foreign 
1280 1981 1982 Exchange 

million) "' ..J::..... 

1.96 3.14 4·55 100 

98 
65 

0.71 1.21 1.83 
0.27 0.44 0.61 50 

33 
0.10 0.17 0.24 
0.06 0.10 0.15 
0.08 0.15 0. 21 

1030 2.07 3.04 

0.13 0.21 0,)0 

1.43 2.28 3.34 



FINANCIAL RATE W RETURN MR TE PROTECT E.i.AWRILL (1978-1993)

(K million)

f\.)

rsts1/.

Other,/
cost

Total
costs

Total
revenues

1978 3.6 3.6
1979 0.4 0.6 1.0 1.0
1980 0.8 0.6 1.4 2.0
1981 1.0 2.3 3.1

1982 2.0 1.3 3.3 ,4.5
1983 2.0 2.4 4.4 4.5
1984 2.0 1.7 3.7 4.5
1985 2.0 1.3 3.3 4.5
1986 2,0 1.3 3.3 4.5
1987 2.0 2.9 4.9 4.5
1988 2.0 2.4 4.4 4.5
1989 ).0 2.0 4.0 4.5
1990 2.0 1.3 3.3 4.5
1991 2.0 1.3 3.3 4.5
1992 2.0 1.3 3.3 4.5
1993 P.o 103 3.3 5.1

1/ Stumpage costs only;* using the average unit replacement costs of K22/m3 for pine and K1 3/M3 for eucalyptus (See Annex 4)

E./ OaPital costo (including costs of loFging equipment acquired bz the project to supply the mill.( T404101)) and operating
costs (including logging and trarsport operning coss at K6/m3); excludes depreciation but includes equipment replace-
ment (..,ILssuming a life of years for lo(::ging effuipment and moving samill equipm&A c.nd 10 years fcr other equipment
nnì structures).

lI'IIWICIAL RATE (11 Rl!lr!IRN lI'Ql TBE PR071!XlT SlWIlrLL (1978-1993) 

(K million) 

WOOda1/ .. Othe~ Total 
cost cost costs 

1978 3.6 3.6 

1979 0.4 0.6 . 1.0 

1980 0.8 0.6 1.4 

1981 
, 

2·3 1.3 1.0 

1982 2.0 1.3 3.3 
1983 2.0 2.4 4.4 

1984 2.0 . 1.7 3.7 

1985 2.0 i .3 3.3 

1986 2.0 1 • .3 3.3 

1987 2.0 2.9 4.9 

1988 2.0 ?.4 4.4 

1989 :.? .0 2.0 4.0 

1990 2.0 1 • 3 3.3 
1991 2.0 1.3 3.3 

1992 2.0 1.3 3.3 

1993 2.0 1.3 3'3 

Total 
revenues" 

1.0 

2.0 

3.1 

4.5 
4.5 

4.5 

4.5 

4.{ 

4.5 

.4.5 
4~5 

4.5 

4.5 

4.5 
5~ 1 

11 Stumpage costs only;· using the IweI'age unit replv.cement costs of K22/m3 for pine and K13/m3 for .eucalyptus (See Annex 4) 

?J CaPital costs (including costs of lOG/l'ing eCluipme"t acquired ~);:( the project to supply the mill. ( Tabl.1» and operating 
costs (incluLi.ine logging end. trn!"l~port · oper:'. t; il1(! costs at K6/m.J) ; excludes depreciation but includes equipment repla.c~ 
ment (<;.ssumine 3. 11':e of 5 years for lo[;gint; ef'!Uipme:"!"..: 3.~"!d mCYi!lt; sa:.nnill equip:lent <".nd 1 CJ years fer 0 ther equipment 
;:.n1 structures). . 

~I~ ~~ 
-NIl\) 

~ 



ECONOMIC RATE OF RETURN FOR THE PROJECT SAWMILL (1978-1993)

1/ From Annex 2, Table 2

2/ From Annex 2,Table 1

3/ At U.S.$ 1.00 K 0.9 instead of the official rate of U.S.3 1.00 . K 0.8

.4/ At 60%, of actual labour costs

.2/ "Other costs" in Annex 2, Table net of foreign exchange and labour costs

6/ Assuming IPD prices rise as follows (1978..100): 1979 = 102, 1980 = 104, 1981 . 106, 1982 . 103, 19P3 . 110,
1984 = 112, 1985 and after = 113 (see page 17)

Year Wood costs1/ Foreign
exchange
costs2/

Foreign
exchange
shadow
priced3/

Labour Costs 3/
-

Labour shadow
priced 4/

Other
costs

Total economic Total
costs benefitsb/)./

1978 - 2.1 2.4 - - 1.5 3.9

1979 0.4 0.4 0.45 0.1 0.05 0.2 1.1 1.1

1980 0.8 0.15 0.15 0.2 0.1 0.25 1.3 2.A

1981 1.4 0.3 0.3 0.25 0.15 0.45 2.3 3.7

1982 2.0 0.5 0.55 0.4 0.25 0.4 3.2 5.5

1983 2.0 1.4 1.6 0.4 0.25 0.6 4.3 5.6

1984 2.0 0.8 0.9 0.4 0.25 0.5 3.7 5.6

1985 2.0 0.5 0.55 0.4 0.25 0.4 3.2 5.8
1986 2.0 0.5 0.55 0.4 0.25 0.4 3.2 5.8

1987 2.0 1.5 1.7 0.4 0.25 1.0 5.0 5.8
1988 2.0 1.4 1.6 0.4 0.25 0.6 4.5 5.8

1989 2.0 1.1 1.25 0.4 0.25 0.5 4.0 5.8

1990 2.0 0.5 0.55 0.4 0.25 0.4 3.2 5.8

1991 2.0 0.5 0.55 0.4 0.25 0.4 3.2 5.8

19t, 2.0 0.5 0.55 0.4 0.25 0.4 3.2 5.8
1993 2.0 0.5 0.55 0.4 0.25 0.4 3.2 6.4

EX:ONOMIC RATE OF REI'URN FOR THE PROJEX:T SAI'MrLL (1978-1993) 

Year Wood costsy 

'-

1978 

1979 0.4 
1980 0.8 

1981 1.4 

1982 2.0 

1983 2.0 

1984 2.0 

1985 2.0 
'. 

1986 2.0 

1987 2.0 

1988 2.0 

1989 2.0 

1990 2.0 

1991 2.0 

19~~, 2.0 

1993 2.0 

1/ From Annex 2, Table 2 

'l./ From Annex 2 t rrab Ie 1 

Foreign 
exchange 
costs~/ 

2.1 

0.4 

0.15 

0.3 

0.5 

1.4 
0.8 

0.5 

0.5 

1.5 

1.4 
1 .1 

0.5 

0.5 

0.5 

0.5 

Foreign Labour Costs _3/ Labour shadow 
exchange priced 11 
shadow 
priced1/ 

2.4 

0.45 0.1 0.05 

0.15 0.2 0.1 

0.3 0.25 0.15 

0.55 0.4 0.25 
1.6 0.4 0.25 

0.9 0.4 0. 25 

0.55 0.4 0.25 

0.55 0.4 0.25 

1.7 0.4 0.25 
1.6 0.4 0.25 

1.25 0.4 0.2,) 

0.55 0.4 0.25 

0.55 0.4 0.25 

0.55 0.4 0.25 

0.55 0.4 0.25 

1/ At U.S.S 1.00 = K 0.9 instead of the official rate of U.S.S 1.00 = K 0.8 

~ At 60% of actual labour costs 

2/ "other costs" in Annex 2, Table ;,', net of foreign exchanffe and labour costs 

Other 
costs.21 

1.5 
0.2 

0.25 

0.115 

0.4 
0.6 

0.5 

0.4 

0.4 
1.0 
0.6 

0.5 

0.4 

0.4 

0.4 

0.4 

Total economic Total 
costs benefits2l1 

3.9 
1.1 1.1 

1.3 2.Ll 

2.3 3.7 
3.2 5.5 

4.3 5·6 
3.7 5.6 
3.2 5.8 
3.2 5.8 

5. 0 5.8 

4.5 5.8 
4.0 5.8 
3.2 5.8 
3.2 5.8 
3.2 5.8 

3.2 6.4 

'2../ Assuming IPD prices rise as follows (1978~100): 197q = 10?, 1980 = 104, 1981 106, 1982 = 108, 191\:1 110, ""I 
1984 = 112, 1985 and after = 113 (See page 17) ~ ~ 

&.;~ 
...,...11\) 

.p.. 
. ...., 
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ANNEX 3

PRELIMINARY EVALUATION OF PROPOSED PULP AND PAPER MILL

Introduction

1. The establishment of a pulp and paper mill to utilize part of the wood
generated by the industrial plantations has been under consideration by the
Government for several years. Conceptual planning for this project is reasonably
well advanced. This Amnex presents a brief description of the major features
of the development as presently conceived, and reviews financial and economic
implications.

2. Final exact configuration of the project has not been determined but there
now appears to be a concensus with respect to the following features:

the mill would produce linerboard, corrugated medium, sack
paper, bag paper and wrapping paper using the kraft pulping
process;

the mill would have a total production capacity of the order
of 40 000 tons annually; and

the mill would start up in about 1982.

3. It has been assumed that fibrz furnishes would be 100% pine pulp for all
grades except corrugating medium where eucalyptus pulp together with waste paper
would be used. The mill would be located on the bank of the Kafue river, close to
Kitwe. Earlier studies showed this river to have an adequate flow of water for
the mill's requirements. The selected location for the mill eliminates-the require-
ment for any substantial investment in infrastructure. However, some costs may be
incurred in extending the railway line into the site, improving the access from the
main Kitwe-Ndola road, extending power lines to the site, and providing housing for
key staff. For these purposes, a Limp sum estimate of K 3 million haz been included
in the capital cost estimates.

Pro'ected Sales Volume and Revenue

Year Sales Volume Sales Revenue
ExpaLE Domestic Total Exports Domestic Total

(Thousand tons)---- (US$ Million)

1982 - 24.0 24.0 - 11.1 11.1
1983 304 28.6 32.0 1.2 13.3 14-5
1984 5.7 30.3 36.0 2.0 14.1 16.1
1985 5.9 32.1 38.0 2.1 14.9 17.0
1986 6.0 34.0 40.0 2.1 15.8 17.9
1987 3.9 36.1 40.0 1.4 16.8 18.2
1988 1 . 7 38.3 40.0 0.6 17.8 18.4
1989-2001 - 40.0 40.0 - 18.6 18.6

ANNEX 3 

PRELIMINARY EVAWATION OF PROPOSED PULP AND' PAPER MILL . '." 

Introduction 

1. The establishment of a pulp and paper m~ll to utilize part of the wood 
generated by the industrial plantati~s has been under consideration by the 
Government for several years . Conceptual planning for this project is reasonably 
well advanced. This Ann'1X presents a brief description of the major features 
of the development as presently conceived , and reviews financial and economic 
implicat ions . 

2. Final exact configuration of the project has not be en detennined but there 
now appears to be a concensus with respect to the 'following features: 

(i) the mill . would produce linerboard, corrugated medi~m, sack 
paper, bag paper and wrapping paper using the kraft pulping 
process; 

(ii) the mill would have a total production capacity of the order 
of 40 000 tons annually; and 

(iii) the mill would start up in about 1982 •. 

3. It has been assumed that fibre furnishes would be 100% pine pulp for all 
grades except corrugating medium where euC'aIyptus pUlp together witil waste .paper 
would be used . The mill would be loc'ated ' on the bank ' of the Kafue river, close to 
Kitwe. Earlier studies showed this river to have an adequate flow of water for 
the mill's requirements • . The selected location fO'r the mill eliminates ·the require­
ment for any substantial investment in infrastructure. However, some costs m~ be 
incurred in extending the railwa,y line into the site, ·improving the ' access from the 
main Kitwe-Ndola road, extending power lines to the site, and providing housing for 
key etaff. For these purpos.es, a lump sum estimate of K 3 million has been included 
in the capital cost estimates. 

Projected Sales Volume and Revenue 

lli!: Sales Volume Sales -F.evenue 
Exports Domestic Total Exports Domestic Total 

(Thousand tonsr- (US$ Million) 

1982 24.0 24.0 11.1 11.1 
1983 3.4 28.6 32.0 1.2 13.3 14.5 
1984 5·7 30 . 3 36.0 2.0 14.1 16. 1 
1985 5.9 32.1 38 .0 2.1 14.9 17 .0 
1986 6.0 34.0 40.0 2.1 15·8 17 .9 
1987 3.9 36.1 40 .0 1.4 16./l 18'.2 
1988 1.7 38 . 3 40' • .0 0.6 17.8 18.4 
1989- 2001 40.0 40 .0 18 ~ 6 18.'6 



The wood costs are based on the projected delivered price of the various
types of wood Used, developed as follows;

Estimated Delivered Wood Cost to Pulp Mill

Type of Wood Volume ric
1

(mi/A)

Financial Projections

Financial projections for rate of return calculations have been prepared in
constant 1977 prices and are attached to this Annex as Tale 1. These projections
incorporate realistic assumptions concerning the rate of buildup to full production
capacity, and for the cost of an expatriate start.-up and training crew. The financial
rate of return after taxes computed from these projections is 10.4%.

- 50 -

Project Costs

The total project Cost, in 1977 prices, is estimated to be K 70.0 million
(uss88 minion)

Projected manufacturing costs per ton of paper produced, excluding
depreciation, is summarized in the following table. These costs are based

L214Yga Total
(K/mi) (USS/mi)

/The "price" represents stumpage for the smallwood (see Annex 4), and a transfer
price based on fuel equivalent for the sawmill waste. An assumption implicit
in this is that a new sawmill will be constructed adjacent to the proposed
pulp mill.

Pine smallwood 135 000 5.0 6.0 11.0 13.7
Eucalyptus smallwood 20 000 3.0 6.0 9.0 11.3
Sawmill waste 40 000 3.5 - _112 4.4

Total 195 000 9.3 11.6

on operation at the full design production rate.

Manufacturing Cost at Full Capacity

Item Amount

(K/ton) (US$/ton) -(%)

Wood 45.3 56.6 23.5
Chemicals 16.6 20.8 8.6
Other Operating Supplies 24.0 30.0 12.4
Fuel and Power 41.4 51.7 21.4
Labour 19.8 24.8 10.3
Administration & Overhead _ALI 57.4 23.8

Total 193.0 241.3 100.0

- 50 -

Project Costs 

4. The total project qost, in 1917 prices, is estimated to be K 70.0 million 
(usa88 million) • 

5. Projected manufacturing costs per ton of paper produced, excluding 
depreciation, ia summarized in the follOWing table. These costs are based 
on operation at the full design production rate. 

Manufacturi!!S: Cost at Full C!!:l!acitz 

Item Amount 
(K/ton) (USS/ton) 

Wood 45.3 56.6 
Chemicals 16.6 20.8 
Other Operat ing Supplies 24.0 30.0 
Fuel and Power 41.4 51 . 7 
Labour 19.8 24.8 
Administration & Overhead ~ 57.4 

Total 193.0 241.3 

(%) 
23·5 
8.6 

12.4 
21.4 
10.3 
23.8 

100.0 

6. The wood costs are based on the projected delivered price of the various 
types of wood used, developed aa follows: 

Estimated Delivered Wood Cost to Pulp Mill 

Type of Wood ~ Volume 
(m3f A) De~r (Kim ) (USS/m3) 

~otal 

Pine smallwood 
Eucaln>tus smallwood 
Sawmill waste 

Total 

Finanoial Projections 

135 000 
20000 
40000 

195 000 

6.0 
6.0 

13.7 
11.3 
....1:!... 
11.6 

7. Financial projections for rate of return calculations have been prepared in 
constant 1977 prices and are attached to this Annex as Table 1. These projections 
incorporate realistic assumptiClts concerning the rate of build-<>.p to full production 
capacity, and for the cost of an expatriate start-<>.p and training crew. The financial 
rate of return after texes computed from these projections is 10.4%. 

jJ The "price" 
prioe baaed 
in this 
pulp mill. 

represents stumpage for the smallwood (see Annex 4), and a transfer 
on fuel equivalent for the sawmill waste. An assumption implicit 
is that a new sawmill will be constructed adjacent to the proposed 
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Economic Rate of Return

In order to get an estimate of the economic internal rate of return of the
project, the following adjustments to financial costs and benefits have been
made:

Foreign exchange costsgnd benefits were estimated using a
shadow exchange rate of USS = K 0.9 instead of the official
USS1 K 0.8; and

gLocallabour as shadow priced at 60% of the financial cost.

The pulpwood raw material was given a stumpage valud/of zero
as it has no alternative use.

On this basis, the economic rate of return from the pulp and paper mill pro-
ject has been determined to be 11.7%.

100% of plant and expatriate assistance costs, 60% of infrastrunture and
conversion costs and 20% of wood costs.

13% of conversion costs and 17% of wood costs.

or ex-sawmill value in the case of sawmill waste.

- 51 -

Eoonomio Rate of Return 

8. In order to get an estimate of the economic internal rate of return of the 
projeot, the following adjustments to financial costs and benefits have b~en 
made: 

(i) Foreign exchange costS~d benefits were estimated using a. 
shadow exchange rate of US$ ~ K 0.9 instead of the official 
US$1 = K 0.8; and 

(ii) Local labOU~as shadow prioed at 6af, of the financi"l cost. 

(iii) The pulpwood raw material was given a stumpage valu.,ll of zero 
as it ha..q no alternative use. 

9. On this basis, the economic rate of return from the pulp and paper mill pro­
ject has been determined to be 11.1%. 

y 100;:; of plant and expatriate assistance costs, 6Cfj, of infrastrudure and 
conversion cost s and 20% of wood costs. 

s! 13% of conversion costs and 17% of wood costs. 

~ or ex-sawmill value in the case of sawmill waste. 
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CALCULATIONS OF STUWAGE RATES - DIRECT CCSTS

Basic data for per hectare model calculations

1. Costs

Direct coste (K) Pine Eucalyptus

Clearfelling at

If smallwood is unsaleable.

year 25 12

ANNEX 4

TABLE 1

Year 1 Establishment

Land clearing 200 200 (18 for replanting)
Soil preparation 7 7

Nursery (plant product) 17 10

Planting 15 10
Fertilizers _ 20

Weeding (first year) 47 47

Total establishment (direct) costs 286 294 (1;2 for replanting)

Year 2 Weeding 45 11 (including a light prunig)

Year 3 Weeding 23 -

Year 5 Pruning I 10 - (see year 2)

Year 8 Pruning II 5

Year 11 Pruning III 10 -

Year 11 Thinning I 4(10)2/ -(10) (line thinnivg at
year 5)

Year 14 Marking of Thinning II 3 1 (at year 8, not 14)

Year 19 Marking of Thinning III 2

- 53 -

ANNEX 4 
TABLE 1 

CALCULATIONS OF STUMPAGE RATES - DmECT COOTS 

Basio data for per heotare model calculations 

Direct oosts (K) 

Year 1 Establishment 

Land clearing 
Soil preparation 
Nursery (plant product) 
Planting 
Fertilizers 
Weeding (first year) 

Total establishment (direct) costs 

Year 2 Weeding 

Year 3 Weeding 

Year 5 Pruning I 

Year 8 Pruning II 

Year 11 Pruning III 

Year 11 Thinnir.g I 

Year 14 Marking of Thinning II 

Year 19 Yarking of Thinning III 

Clearfelling at 

11 If smallwood is unsaleable. 

200 
7 

17 
15 

47 

286 

45 

23 

10 

5 

3 

2 

year 25 

Eucalyptus 

200 (18 for replanting) 
7 

10 
10 
20 
47 

294 ( 1: 2 for replanting) 

11 (including a light pruni_',,) 

- (see year 2) 

- ( 10).11 (line thinning at 
year 5) 

-, (at year 8, not 14) 

12 
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AldTsNaAEX2

Stumpage rates indirect costs may be divided into two categories:

(a) New (i.e. referring to new plantations only: 17.5 ha
over whole 5year Project period).

Total Project Total average area Average cost per ha
Item cost (MOO) involved (ha1000) p.a. during Project

CK)

Road construction 800 17.5 9

Fire protection (new
firebreaks and fire towers) 200 17.5 2

Housing (additional) 2 256 17.5 26

TOTAL 37

TOTAL 30

(b) Recurrent (i.e. referring to whole area of plantations: 23 000 + 3 500 =
26 500 ha before Project and 44 000 ha at end of Project, Oving
an average area of 35 GOO ha over the Whole Project period).

Indirect coste would be charged at the rate of K37 (for new plantations only) and K30 (for
recurrent expenses for all plantations), i.e. a total of K67 per annum during the first
five years (Project period), and at the rate of only K30 (recurrent) per annum thereafter.

Item Total Project
cost (10000)

Total average area
involved (ha'000)

Average cost per ha
p.a. during Project

(K)

1. Road maintenance 432 35 3

2. Fire protection (recurrent) 740 35 4

3. Administration 2 450 35 14

4. Building maintenance 500 35 3

5. Administrative vehicles
and transport 818 35 5

6. Surveys and training 200 35 1

.,. 54-

Stumpage rates - indirect oosts may be divided into two categories. 

(a) ~ (i.e. referring to new plantations only: 
over whole 5-year Project period). 

17.5 ha 

Item 

1. Road construction 

Total Proj ect 
cost (K'OOO) 

800 

2. Fire protection (new 
firebreaks and fire towers) 200 

3. Housing (additional) 

Total average area 
involved (ha'OOO) 

ANNE){ 4 
IDLE 2 

Average cost per ha 
p.a. during Project 

(X) 

9 

2 

26 

TarAL 3'1 

Item 

1. 

2. 

3. 

4. 

5. 

6. 

(b) Recurrent (i.e. referring to whole area of plantations: 23 000 + 3 500 = 
26 500 ha before Project and 44 000 ha at end of Project, ~iving 
an average area of 35 000 ha over the Whole Project period) . 

Total Proj ect Total average area Average cost per ha 
cost (K'ooO) involved (ha'ooO) p.a. during Proj ect 

(Kl 

Road maintenance 432 35 3 

Fire protection (recurrent) 740 35 4 

Administration 2450 35 14 

Building maintenance 500 35 3 

Administrative vehicles 
and transport 818 35 5 

Surveys and training 200 35 

TarAL 30 

Indirect costs would be charged at the rate of K37 (for new plantations only) and K30 (for 
recurrent expenses for all plantations), i.e. a tota l of K6'1 per anmm during the first 
five years (Project period), and at the rate of only K30 (recurrent) per annum thereafter. 
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The following yields have been assumed:

2. Yields (m3,/ha)

(a) Pine

P. kesiva E. 000arpa and others
(60% P.K., 40% P.O.) Weighted
average for Pine (all species)

Çperation Age Sawlogs Smallwood Total Sawlogs_ Smallwood Total Sawlogs Smallwood Total

Thin I 11 30 40 70 20 30 50 26 36 62

Thin II 14 40 30 70 25 25 50 34 28 62

Thin III 19 40 20 60 30 20 50 36 20 56

Clearfell 25 120 30 150 100 25 125 112 28 140

TCTAL 230 120 350 175 100 275 208 112 320

MAI (9.2) (4.8) 14 (7) (4) 11 (8.3) (4.5) 12.8

(b) Eucalyptus
(2/3 E.g., 1/3 E.c.) weighted

E. grandis E. cloeziana and others average for Eucalyptus(all species)
e. eration A e Sawlo s L. oles Smallw. Total Sawlo s L. .oles Smallw. Total Sawlo s L. oles Smallw. Total

Thinl 5 - - 60 60 - 20 20 47 47

Thin II 8 30 20 30 80 20 20 20 60 27 20 27 74

Clearfell 12 100 30 30 160 50 30 20 loo 83 30 27 140

TOTAL 130 50 120 300 70 50 60 180 110 50 101 261

MAI (1o.8) (4.2) (1o) 25 (5.8) (4.2) (9.0) 15 (9.0) (4.2) (8.6) 21.8

2. Yields (m3/ha) 

The following yields have been assumed: 

(a) ~ _ . --

(60% P.K., 40% P.o.) Weighted 
E. keaiya ~. oQcarpa and others average for Pine (all speoies) 

Ooeration Aile Sawloi<e Smallwood Total Sawlogl3_ Smallwood Total Sawlogs Smallwood Total 

Thin I 11 30 40 70 20 30 50 26 36 62 

Thin II 14 40 30 70 25 25 50 34 28 62 

Thin III 19 40 20 60 30 20 50 36 20 56 
Clearfell 25 120 30 150 100 25 125 112 28 140 

TarAL 230 120 350 175 100 275 208 112 320 

!·IU ( 9. 2) (4.8) 14 (7) (4) 11 (8.3) (405) 12.8 

(b) Eucalyptus 
--_ . . _-

(2/3 E.g., 1/3 E.c.) weighted 
~. grandis E. cloeziana and others average for Eucalyptus(all species 

Ooeration Aile Sawlogs L.poles Smallw. Total Sawlogs L. poles Smallw. Total Sawlogs . L.poles Smallw. Total 

I 

) ~ 

Thin I 5 - - 60 60 - - 20 20 - - 47 47 
Thin II 8 30 20 30 80 20 20 20 60 27 20 27 74 
Clearfell 12 100 30 30 160 50 30 20 100 83 30 27 140 

TarAL 130 50 120 300 70 50 60 180 110 50 101 261 

~1AI ( 10.8) (4.2) ( 10) 25 ( 5.8 ) (4.2) (9.0) 15 ( 9.0) (4. 2) (8 .6 ) 21.8 

~§ 
t;f!l 
"' .... 
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ANNEX 4
TABLE 4

3. Stumpage ratee

On the basis of the assumptions given above for costs and yields, the following
stumpage rates have been calculated in order to give an ERR.of 10 percent.

Rate (K/M3)

Category Fine Eucalyptus

I. All produce II. Smallwood I. All produce TI. Smallwood
saleable unsaleable saleable unsaleable

Sawlogs 18 22 6 8

Large poles 10 13

Smallwood 5 3

3. Stumpage rates 

ANNEX 4 
TAllLE 4 

On the basis of the assumptions given above for costs and yields, the following 
stumpage rates have been caloulated in order to give an IRR. of 10 percent. 

Category 

Sawlogs 

Large poles 

S ..... llwood 

Pine 

I. All produce 
saleable 

18 

5 

n. Smallwood 
unsaleable 

22 

I. 

EucallEtus 

All produce n. Smallwood 
saleable unealeable 

6 8 

10 13 

3 



Year

STUNPAGE RATEE PINE, SAWLCGS AND SN(tLLWOCD (PER HECTARE K)

Revenue
Direct Indirect Total Volume (d/ha) Sawlogs Smallwood Total Net FIRR
CostsK CostsK CostsK Sawlogs SmallwoodA(18/mi (221(5/m3 Benefits Benefits 10.% +

(353) 353
(112) 101

74A 50
53

1 137(213
30) 17

35) 18

14

33g)) 13

604
(30) 10
( 3o) 10
719

130)8
30) 7
30) 6
30) 6

716
(30) 5

4
3301 4

( 30) 4
(30) 3
126

Conclusions: The stumpage rates for Pine should be about K18/m3 for sawlogs and about K5/m3 for
smallwood assuming both are saleable.

129

215

TOTAL: 779 784

1

2

3

4

5
6
7

8

9
10

11

12

13
14
15
16
17
18

19

20
21
22
23

24
25

Establishment
Weeding

Pruning I

Pruning II

Thinning I and
Pruning III

Thinning II

Thinning III

Clearfelling

286

45
23

10

5

14

3

2

67
67
67
6!
67
30
30
30
30
30

30
30

30

30
30
30

30

30
30

30

30
30
30
30
30

353
112
90

67
77
30

30
35
3o
30

44
30
30

33
30

30
30
30
32
30
30

30
30

30
30

26

34

36

112

36

28

20

.J.

28

468

612

648

2 016

180

140

100

140 2

648

752

748

156 2

232

208

STUlf'AGE RA~'ES - PINE, SAWLOOS AND SWl.LLWOOD (PEl! HEGTARE - K) 
Revenue 

Direct Indirect Total Volume (m3/ha ) Sawlogs Smallwood Total Net FIRR 
Year Costs-K Costs-K Costs-K Sawlogs Smallwood ~K18/m3 ~K5/m3 Benefits Benefits 1~ + 

1 Establishment 286 67 353 (53) 353 
2 Weeding 45 67 112 (112) 101 
3 23 67 ,0 

9°l 74 
4 6( 6'( 67 50 
5 Pruning I 10 67 77 71l 53 
6 30 30 30 19 
7 30 30 3°l 17 
8 Pruning II 5 30 35 35 18 
9 30 30 30) 14 

10 30 30 3e) 13 
11 Thinning I and 

Pruning III 14 30 44 26 36 468 180 648 604 232 
12 30 30 OOl 10 
13 30 30 ( 30 10 
14 Thinning II 3 30 33 34 28 612 140 752 719 208 
15 30 30 rO

) 

8 
16 30 30 30) 7 V> 
11 30 30 3°l 6 -.> 

18 30 30 30 6 
19 Thi nni ng III 2 30 32 36 20 648 100 748 716 129 
20 30 30 r: 5 
21 30 30 3°l 4 
22 30 30 30 4 
23 30 30 30 ) 4 
24 30 )0 - 30 ) 3 
25 Clear felling 30 30 112 28 2 016 140 2 156 2 126 215 

TorALS: 779 184 

Conclusions: 'J.1he stumpage rates for Pine should be about K18/m3 for sawlogs and about K5/m3 for 
smallwood ~ssuming both are saleable. 

I 



STUNPAGE RATES - EUCALYPTUS (2/3 E.G., 1/3 E.C. & OPHERS) - SAWLOGS, LARGE POLFS AND SMALLWOOD

per hectare - K)

Conclusion: The stumpage rates for Eucalyptus should be about K6/m3 for sawlogs,

K10/m3 for large poles and K3/m3 for smallwood assuming all are saleable.

Direct Indirect Total
Year Costs Costs Costs

Volume (m3/ha)
Revenue

Net
Benefits

FIRR
140

Sawlop L. poles Smallwood Total
r,iK10/m3 aK3/km- RevenueSawlogs L. poles Smallwood (DO6/m)

1

2
Establishment
Weeding &

304 67 371 (311) 371

Pruning 11 67 78 (78) 71

3 67 67 (61 55
4 67 67 (67 50
5 Thinning I - 67 67 - - 41 _ - 141 141 14 51
6 30 30 (30) - 19

7 30 30 (30) 17
8 Thinning II 1 30 31 27 20 27 162 200 81 443 412 211

9
10

30

30

30
30

r0)
30)

14
13

11 30 30 )83Z 12

12 Clearfelling - 30 30 83 30 27 498 300 81 297
13 Reestablishment 112 30 142 (142) 45
14 Weeding &

Pruning 11 30 41 (41) 12

15 30 . 30 (30) 8

16 30 30 (30) 7

17 Thinning I - 30 30 - - 47 _ - 141 141 111 24

18 30 30 (30) 6

19 30 30 (30) 5
20 Thinning II 1 30 31 27 20 27 162 200 81 443 412 6!
21 30 30 ( 30) 4
22 30 30

,3300

4

23 30 30
8624 Clearfelling - 30 30 83 30 27 498 300 81 87) 849

TCTALS: 716 736

STOWAGE RATES - IDCALYPTUS (2/3 E.G., 1/3 E. C. &: orlill!S) - SAWLalS, LARGE POLES AND SMALLWOOD 

(per hectare - K) 

Revenue 
Direct Indirect Total Volume (m3/ha) Sawl0f' L. pol~. smallw~od Total Net FIRR 

I!!!: ~ Costs Costs Sawlogs L. poles Smallwood tilK6/m !@ Kl0/m I<i> K3/km Revenue Benefits 1~ + 

1 Estab.lishment 304 67 371 (371 ) 371 
2 Weedill8 &: 

Prunill8 11 67 78 r8
) 

71 
3 67 67 m 55 
4 67 67 50 
5 Thinnill8 I 67 67 47 141 141 74 51 
6 30 30 ~ 30) 19 
7 30 30 30) 17 
8 Thinnill8 II 30 31 27 20 27 162 200 81 443 412 211 
9 30 30 ~ 30) 

14 
10 30 30 3°l 13 
11 30 30 30 12 
12 Clearfelling 30 30 83 30 27 498 300 81 879 849 297 
13 Reestablishment 11 2 30 142 (142) 45 '-" 
14 Weedill8 &: '" 

Prunill8 11 30 41 t1
) 

12 
15 30 30 3°l 

B 
16 30 30 30 7 
17 Thinning I 30 30 47 141 141 111 24 
18 30 30 

ggl 
6 

19 30 30 5 
20 Thi nnill8 II 30 31 27 20 27 162 200 81 443 412 6{ 
21 30 30 ~ 30) 4 
22 30 30 3°l 4 
23 30 30 30 3 

24 Clearfelli ll8 30 30 83 30 27 498 300 81 87~ 849 86 

TorALS: 716 736 

Conclusion: The stumpage rateB for EUcalyptus should be about K6/~3 for sawlogs, 
K10/m3 for large poles and K37m3 for smallwood assuming all ar~ saleabl~. 

... ~ ~ t".I 



STUMRAGE RATE PINE (60% P.K., 40% P.O. ,t (YTHERS) SAWL0G UTILIZATICU ONLY

(Per hectare K)

Conclusion: The stumpage rate for pine
about K22/m3 to produce an
smallwood is not saleable,
be done as scheduled.

TDTALq 789

sawlogs should be
TRR of 101, assmming
but thinnings must

791

F.;:f

Year Operation
Direct
Costs

Indirect
Costs

Total
Costs

Volume of sawlogs
m3/ha

Revenue
at K22/rd

Net
Benefits

PIRR

1 Establishment 286 67 353 (353) 391
2 Weeding 45 67 112 (112) 102

3 23 67 90 79
4 67 67

(91
(67 90

5 Pruning 10 67 77 (77 93
6 30 30 (30 19

7 30 30 (30) 17
8 Pruning II 5 30 35 (35) 18
9 30 30 (30) 14
10 30 30 (30) 13li Thinning I &

Pruning III 20 30 50 26 972 922 201
12 30 30 (30) 10
13 30 30 (30) io
14 Thinning II 3 30 33 34 748 715 207
15 30 30 (30) 8
16 30 30 (30) 7
17 30 30 (30) 6
18 30 30 (30) 6
19 Thinning III 2 30 32 36 792 760 117
20 30 30 (30)
21 30 30 (30) 4
22 30 30 (30) 4
23 30 30 (30) 4

24 30 30 (30) 3
25 Clearfelling 30 30 112 2464 2434 246

STUMPAGE RATE - PINE (60)1, P. K., 40'p P. O • . ~ OJ'HERS) - SAI,LCXl UTIUUlTI rn (liLY 

(Per heot are - X) 

Year Operation Direct Indirect Total Volume of sawlogs Revenue net T>IRR 
Costa Costs Costs m3/ha rIt K22/m3 Benefits 1CY! + ---

1 Est abl ishment 286 67 353 (m) 3'i~ 
2 Weeding 45 67 112 ( 11 2) 102 
3 23 67 90 

(
9°l 79 

4 67 67 (67 <;0 
5 Pruning I 10 67 77 (77 53 
6 30 30 (30\ 19 
7 30 30 (30 17 
8 Pruning II 5 30 35 (35) 18 
9 30 30 (30) 14 
10 30 30 (30) 13 
11 Thinning I &: 

Pruning III 20 30 50 26 572 'i22 201 '" 12 30 30 (301 10 '"' 
13 30 30 ( 30 10 
14 Thinning II 3 30 33 34 H8 715 207 
15 30 30 (30) 8 
16 30 30 (30) 7 
17 30 30 (30) 6 
18 30 30 (30) 6 
19 Thinning III 2 30 3? 36 792 760 n7 
20 30 30 (30) 5 
21 30 30 (10) 1 
22 30 30 ( w) 4 
23 30 30 (10\ 1 
24 30 30 (30 3 
25 C learfe 11 ing 30 30 112 / ·161 ~431 246 

'roTAL~ 7R'i 791 

Conclusion; The stumpage rate for pine ~awlo~R ~hou ld be 
about K22/m3 to produce an JR~ of 101 , a.<;Jsumin~ 
smallwood is not saleable, but thinn in~ must 
be done a.~ scheduled. ...... 

\';jz 
,..~ I." - ... 



SIUNPAGE RATE EUCALYPTUS (2/3 E. G., 1/3 E.0. & °HERS) SAWLOG AND POLE UTILIZATION ONLY

Conclusion: The stumpage rate for aucaixptus should be about
K8/m3 for sawlogs and K13/mi for large poles9 to
produce an IRR of 10%9 assuming amallwood is not
saleable, but thinnings must be done as scheduled.

Direct
Year Costs

Indirect
Costs

Total
Costs

(Per hect

Volume (m3/ha)
Sawlogs Large Poles

are K)

Revenue Total Net
tenefits

PIRR
10f +Sawlogs Large poles

1C13/m.)

Revenue

1

2

Establishment
Weeding &

------

304 67 371

LE8M2 4

(371) 371

3
Pruning 11 67

67
78
67 67r 71

55
4 67 67 (67 59
5 Thinning I 10 67 77 (77 46
6 30 30 (30 19
7 30 30 (30 17
8 Thinning II 1 30 31 27 20 216 260 476 445 228
9 30 30 14
10 30 30 30

rl
13

11 30 30 30 12
12 Clearfelling 30 30 83 30 664 390 1054 1024 358
13 Reestablishment 30 142 (142) 45
14 Weeding &

Pruning 11 30 41 (41 12
15 30 30 (30 8
16 30 30 30 7
17 Th inning I 10 30 40 40 9
18 30 30 30 6
19 30 30 (30 5
20 Thinning II 1 30 31 27 20 216 260 476 445 73
21 30 30 (30) 4
22 30 30 (30) a
23 30 30 (30) 3
24 Clearfelling 30 30 83 30 664 390 1054 1024 114

TOTAL 771 773

u 

S'lUIol'AGE RATE - IDCALYPl'US (2/3 E.G •• 1/3 E.C. & Ol'BElS) - .SAWLCO AND POLE UTILIZATICN CNLY 

(Per hectare - K) 

Direot Indirect Total Volume (m3/ha) Revenue Total Net 1I'IRR 
!!!!: Coets Costs Costa SawloS!! Lars:! Polea sawio~ Large po!es ReVenue Benefits 1~ + 

t!l; K8/in3 It K13lin 

1 Eet abliehment 304 67 371 (371) 371 
2 Weeding & 

Pruning 11 67 78 78 71 
3 67 67 67 55 
4 67 67 67 59 
5 Thinning I 10 67 77 77 46 
6 30 30 30 19 
7 30 30 30 17 
8 Thinning II 1 30 31 27 20 216 260 476 445 228 
9 30 30 

m~ 
14 

10 30 30 13 
11 30 30 12 
12 Clearfelling 30 30 83 30 664 390 1054 1024 358 '" 13 Reeet abl ishment 30 142 ( 142) 45 0 

14 Weeding & 
Pruning 11 30 41 (41 12 

15 30 30 

!~ 
8 

16 30 30 30 7 
17 Thinning I 10 30 40 40 9 
18 30 30 30 6 
19 30 30 30 5 
20 Thinning II 1 30 31 27 20 216 260 476 445 73 
21 30 30 (30~ 4 
22 30 30 (30 4 
23 30 30 (30 3 
24 Clearfelling 30 30 83 30 664 390 1054 1024 114 

'IOTAL 771 773 

Conclusion: The stumpage rate for eucal3l'tus should be about 
K8/rn3 for sawlogs and K13/m for large poles, to 
produce an IRR of 10%, assuming smallwood is not 

~ 
saleable, but thinnings muet be done as scheduled. 




