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Foreword

The case studies in this publication have been developed by FAD in the oourse of a
programme to provide training in project analysis and plamming to those respomsible for
these activities in the foresiry sector in developing countries. They are now being pub-
lished in order to make them more widely avallable both for teaching purposes and as
refersnce materials for ferest economists and plsnners. This publication has been made
poasible through a specisl budgetary contribution to FA) from the Swedish Internaticnal
Development Authority (SIDA).

Me case ptudies 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 itm
usefulneas as a reference and teaching source. However, it is in the nature of case studies
that this is a continuing process. Each use of the case is likely to disclose new facets,
alternative interpretations and =zdditional queries. Users of the oases are therefore invited
to write to the Plamming and Investment Studies Unit in FAD's Foreatry Department, at the
address given at the end of the Iniroduction,about their experience with them and to rainme
any diffloulties they encounter.

The case gtudies have been prepared by J. B. M. Arnold and A. H. Contreras of the
Planning and Inveatment Studies Unit of the Foreetry Department of FAD 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 {0 the project and
discussions with thoee involved in its preparation and management. FAD is deeply grateful
to all those, too mumerous o mention by name, who took the time and trouble to share their
experience and knowledge of these projecta. FAD alac wishes to express its appreciation to
the govermments of the countrles in which these projects were located, and to the World Bank
and other finanoing agencies which supported these projects, all of which were good enough
to make available the necessary information to FAD and to egree o its use in this way.
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Introdnction

The mix case studies in thias publication have been selected as representing many
of the commonest situations encountered in forestry, and the issues that arise im applying
economic analysis in such situations. They are based on projects in Africa, Asia and
Latin America. They all describe projecta designed to produce wood and/or wood fibrel ’
but cover situamtions involving production for eale, production for a captive market and
production for subsistence use, and scales of production ranging from tree=growing at the
farm level, through village woodlots to large-scale produotion for forest industry -— a
renge of foresiry prodnction situations which entaile many differemt quamtification, valu~
ation and analysis problems.

Cape studies are of value in illustrating how a methodology is applied in practice,
in particular situations. They help to put flesh on the bones of methodology, and to
bring to life the complex of interrelating fastors which make up &n actual projects But
they have limitationa. A case study can seldom develop in full the reasons why a parti-
cular value or quantity was arrived atj some understanding by the reader of the underlying
concepts haa to be assumed. Equally, they do not desoribe the whole process of the project
cycle; only one part of it,.

Case studies should therefore be ussd to complement a kmowledge of economic analysis.
The case studies in the present publication are depigned to be used in conjunction with
Eccnomic Analysis of Foresiry Projects, by H. M. Uregersen end A. H. Contreras (Fr20 Forestry
Paper No. 17, F, Rome, 1979). However they are constructed in such & way that they can
also be uged on their own by momeone with a imowledge of economic analysis. Each case
ptudy ie a self=contained document.

The aspect of project plamning that these case studies are designed to illustrate is
that of the detailed analysia of the economic worth and scundnems ef that cne project design
which has emerged from the process of project identification and preparation as the sclution
which is apparently best suited to that particular situation. Readers of the cases should
keep in mind that in each project there firest has to be this lengthy process of identifying,
testing and choosing emong alternative techmologies, designs, factor mizes, scales of
operation, etc.

It is important aleo to keep in mind that each case presents a solution which is
apecific to a particular situption. Though thie might well give useful guidsnoe to possmible
golutions to similar project situations elsewhere, it should not be considered to be & model
which can be transferred intact. Every situastion needs to be analymed seperately. 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. '

‘l‘he_ Case Studies

Case Study No. 1, PHILIPPINE SMALLHOLDER THEE-FARMING PROJECT.

This case concerns a forest plantation programme which forms part of a raral develop-
ment effort. Loans are made available to smallholders, with an aver of scme 10 ha of
land, to enable them to grow a fast—growing tree (Albizsia falcataria) that is usable as
pulpwood,on part of their lande. The farmers sign an agreement with a local pulp and paper
compeny whioh guarantees them a price and a market, but leaves them free to try to sell
their ontput at a higher prise elsewhere. The cass study considers the project mainly
from the point of wiew of the farmer and the government. The analysis is based on a itypical
farm unit rather than the project as a whole. '

1/ See He M. Gregereen and K. Brooks, "Economio Analysis of Watershed Projectss Spscial
Problems snd Examples™, in Economic Amaiysis of Forestry Projects:: Readings, FAO Forestry
Paper No. 17, Supp. 2, FAO, Rome, forthcoming, for a discumsion end cess paterisl illus-
trating the appliocation of the same methodology to forestry projects with water and soil
protection mtputs.




Case Study No. 2, VILLAGE FUELWOOD FLARTATIONS IN EOHEA

This came study deals with a village fuelwood programme in the Repudblio of Xorea which
constitutes a component of a large integrated rural development project. Like the Philippimes
projeot it includes a great number of small sub=projects, but in this came in different parts
of the country. The overall programme is analysed as one projecsts Some of the problems of
averaging 1nput/output relationships for diverss elements in a largs programme are brought
out. The study also emphasizes the organisational aspecis of this type of project, and the
problems involved in dealing with shadow pricing of inputs and cutputs and future demand sad
markets,

Case Study No, 3, SOUTH AMERICAN NATURAL FOREST UTILIZATION PROJECT

This case study desls with a project for expanding integrated forest industry
development based on a natural tropical hardwood resouroc 1L The emphansis is or a practical
approach to appraising such & project and the elements to comsider in a financial analysis,
including treatment of loans and various government fees and tax inoentives.

Case Study No. 4, KENYA T SAWNLOG AND PULPWOOD PLANTATION PHOJECT

This case examines a miz-year time alice of an on-going sawlog and pulpwood planta—
tion programme in Kenys. At the time this project was appraised, Kenya had experiencs
growing and proceassing only sawlogs. This projeot included some of the country's first
pulpwood plantations, which were established near the 2ite of a proposed pulpmill. The
mill was designed to meet Kenya's increasing domestic demands for paper products., In
addition, the project financed the contimuing sawlog plantation programme, whioh waa de-
signed to supply domeetioc pawmills which produce lumber for domestio use and export. The
oape provides an example of analysing projeot components separately, and illustrates problems
aspociated with estimating import substitution and export benefite.

Case Study No, 5, KERYA II SAWLOG AND PULFWOOD PLANTATION PROJECT

This case deals with a further sir~year time slice of the on—going Kenya sawlog and
‘pulpwood plantation programme. This projeot continued and expanded ite predecessor, the
Kenya I project. At the time of the Kenya II appraisal, the pulpmill had been completed and
was just starting production. As before, the projeot was made up of separate pulpwood and
sawlog ocomponenta, A comparison of this case with the Kenya I case shows the evolution of
the project planning approach over time in = particular situation. Por example, in Kenya II
input and output pricee and quantities were revised in the light of the Kenya I experience.

Case Study No. 6, ZAMBIA INIUSTRIAL FORESTRY PROJECT

Like the Kenya case studies, this one deals with & large-scale government afforestia-
tion programme, and shows how to deal with a "tima slioce™ project. It is concerned with a
gituation where there is 8till uncertainty about both yields from the plantations and about
the ontlets that will be avallable, amd shows how suoh uncertainty can be dealt with. It
also illustrates various aspects of the relationships between forestry end forest industry
activities whioch have to be taken into account in an integrated project.

Using the Case Studies

The case studies may be read slmply as a record of how a mumber of successful
forestry and forest industry projecte were developed and analysed. But they cen also be
used to provide a basis for a more systematic and in—depth assessment of the structure of'
project smalysis. FAD's Economic Analysis of Foresiry Projects suggestes the following
major components of an economic analysis?

yFor a oase atudy of the Internal plamming process of a very large integrated forest
induetries oompany based on a mixed troplcal hardwood resocurce in Asia mee: "Planning for
a Large Scale Integrated Forestry and Forest Industries Projeott A Case Study of the Paper
Industries Corporation of the Philippines®, FOsMISC/T9/9, FAO, Rome, 1979. As the company
is the one involved in the smallholder iree—~farming pProjeoct in the Philippines, this dooument
alao provides supplementary informatiom to Case Study Fo. 1.



(1) sSpecification of objectives, goals and project points of views

(2) Demign of alternatives to meet the goals and identification of direct
and Iindirect impascts associated with each.

(3) Valuation of costs and benefite or negative and pesitive impacts.
{4) Comparisona of costs and benafites, including treatment of uncertainty.

(‘5) Other considerations, such as additional measures of project impacts
and presentation of conclusions and recommendations.

It could be useful, therefore, to examine the case studies following this struoture and
ascerfaining how each step was handled, what alternative methcds or techniques might have
been employed, what additional factors might have beem 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 succeas of each project.

A separate publication, Economic Analymis of Forestry Projects: Users' Ounide to
Case_Studies{FO:MISC/79/1T, FAO, Rome, 1979), setting out a series of discussion questions
under sach of these headings, and suggesting points that should be raimed in discussion
of each, ie available to those using the case studies for teaching purposes. It can be
obtained by writing to the Planning and Investment Studies Unit, Foresiry Department, Food
and Agriculture Organization of the United Nations, Via delle Terme di C alla. 00100,
Home, Italy., Some of the main issues that ueers may wish to coneider are also identified
"ln_fm%oduction to each case study.
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Preface

This i8 one 1n a serlies of case studies of forestry and forest industries projects
thai has been prepared by the Food and Agriculture Organization of the Unlted Nations
(FAO) in order to demonstrate methods of preparing and appraising projects in the forest
gectors The programme of came gtudies has been made possible by a special allocation
for this purpose from the Swedish International Development Authority (SIDA)s This case
study has been prepared by FAO with the assistance of the College of Foresiry 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 Banke The case study is based largely on material
contained in an aporaisal of the project carried out by the World Bank (Report No.
424a~PH, 5 May 1974)s Additicnal information was generated during a field visit to
the project sitee 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 amd
the Govermment of the Philippines exclusively for the purpcses of ieaching forestry
planning methodse It may not be quoted or reproduced in part or in whole without
permissionas
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INTRODGCTION

1 Thig project forms part of an on-going Agro~Forestry Development Plen initiated in
the late sixties by the Paper Industries Ccrporation 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
& "time slice" project.

2e Under the terms of the project; loans will be gramnted 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 Geveloping crop smd./or livestock production. The present case study
examines only the financial and economic appraisal of the tree crop element.

3 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 firet rights to the mature pulpwood at the
prevailing market price. Table 1 shows the total expected magnitude and timing of the
project.

4. The total cost of the Project is estimated at about US§1.5 million with foreign
exchange costs of approximately US§150 000.

5. The case ig divided into four ssctiona: Section A presents background on the
project; Section B identifies the costs and benefits involved; Sectiom C values the
financial and economic costs and henefits; Section D shows the derivation of the finamcial
and economic rates of return and looke at the mensitivity of resulte to changes in assump=-
tions.

€. Thia case study records an example of a wucoessful forestry project designed to
involve and benefit a segment of the rural poor. (ne use of the atudy can thus be to
illustra:]i the institutional arrangements and itechnical provistons that helped make it
posgible~/. Issues of substance and concept that the user may wish to consider include the
size of the incentives provided to the smallholder. Points of appraisal technique that
arise include the strusture of the appraisal {(on the basis of a typical famm 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 analysiz to explore the implications of
uncertainty about these values.

A«  BACKGROUND

Forest Resouroces

T About 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 OO0 ha a year, while reforeatation awverages only zbout 17 000 ha a year. About

40 percent of the forest destruction is due to shifting cultivators (kaingineros), illegal
logging and accidental fires. On the Island of Mindanao, which has the largest concentration
_of commercisl public forest, the foreet resource has been decreasing by about 90 500 ha

a year, nearly all ¢f which occurs in the valuable dipterccarp forest.

8. If this trend continunes and demand increases aa forecast, the Philippines is likely
to be a net importer of logs by the year 2000. To offset this situation, the Government
hag developed policies aimed at conserving the forest resource; principal among these are:
(1) the phase~cut of log exports, (ii) a reforsstation programme, and (iii) stricter
gcontrel on rll forms of foreat destruction.

l[_See also Case Study No. 2 = Village Puelwood Plantations in Korea, for an example of
another, but quite different, successful projeot for rurazl commmity development.




Table 1 = Participating Farmers and Area FPlanted

Number Ao

of farm -
Year Sub=loans 0 1 2 ) 4 B 6

(hectares planied)

First 200 400 400 400 400
Second 300 600 600 600 600
Third 400 80O 800: 800 800
Fourth, 400 B0O: 800 800 80O
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




PICOP

9, The Paper Industries Corporation of the Philippines (FICOP) is the sole domestic
producer of newsprint and the major supplier of industrial paper in the country. The
Government has granted FICOF a preferred and pioneer indugtry status under which the
company receives a number of incentives to development.

10. PICOP could advant®gecusly meet 100 percent of itz groundwood requirements from
Albizzia,. but insufficient supplies have limited PICOP's consumption of thie species to
only 15 percent of total regquirements. In the late 19601'g the Company launched its
dgro—-forestry Development Flan. Under the plan a participating farmer devotes 20 perceni
of his land holding to food and livestock production and 80 percent to fastegrowing 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 satab-
lished and 127 emallholders have received loanz from DBF.

1. The present project calls for an expansion of the Plan. Tree farms would be mited
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

aren 1s estimated at 481 000 ha with about 160 000 ha suitable for tree—farming. Appendix 1
shows the location of the project,

124 To gqualify for a loan under the project 2 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 firet interest payment due in year
7and with prinoipal to be repaid in years 9-14.

13k Smallholders would be reguired 1o contribute a minimum of 25 percent of project
costs in own laboure Smallholders would be eligible if they occupy a minimum of 5 ha,
ineluding those who have occupied alienable and disposable land for at least 10 years,
but who do not have legal titles, There would be ne resiriction on the annual rate at
which the land may be developed. :

14. Reliable estimates of the number of farmers who would gqualify 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 COSTS AND BENEFITS

Technical Considerations

15 Albizzia falcataria is indigenous tc the Moluccas and was intreduced 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 matisfactory for veneer, furniture
corestock, blockboard and pulpe 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 relisble figures
available and, although they are considered conservative, they provide the only reasonable
baeis on which to make yield predictions for this project.




16.  Yield estimates for the present project are based on Nasipit site index 30, which
shows yields of about 200 m”/ha after eight years. 1/

17 Individual iree farms would be managed on a sustained yield basis ueing area control

and an eight-year rotatione Farms would be planted initially at any rate a farmer is

capable of, but the minimum rate is assumed to be 2 hectares/&eqr. 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 past the rolation age in

order that yields can become uniform in the second and subsequent rotation. (See Table 2, Col.5)

18, 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.

19. 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 azbout a week
before planting of seedlings. When fertilizers are available, a few ounces would be worked:
into the soil itwo weeks and 7 months after plantinge. One clear weeding and two spot
weedings of about one meter radius would be done during the first year. TFurther 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 — 193 replanting — 8; fertilizer application — 12.5i and weeding -

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

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

21. Spacing on tree farms would be 4x4 m, with commercial thinnings likely after four
years. No estimates of thinning response are available, and thinning costs and retuims were n
included in this appraisal. Yo 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 rigk in the project area ig minimal.

22 Farmers woull receive free support services from PICOP. 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, Eii) technical advice in
subdividing agro-farms for tree growing and food crops/livestock production, and (i11)
technical advic® on establishing and managing tree crops. PICOP also plans to continue

its program of research on ingsect control. In addition, DBF has budgeted for a professional
forester to assist in project appraisals and io coordinate with PICOP on technical matiers.
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 wvolune :
estimates at mill site;(iii) appraising sites and their suitability for tree farming before
loans are approved; and {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 irees at 10 years of age., The yield table is reproduced as Appendix 2.



Summary of Tnputs and Quiputs

23, 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 a2 10 ha farm.

Ce VALUING COSTS AND BENEFITS

Financial Costs and Benefiis

24, 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 iypical 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 12 percent compound interest with a seven—year grace pPeriod on repsyment of interest
(ises, first repayment in year 7) and nine years on repayment of prineipal covers 75 percent
of the total cost to the farmer. The loan repayments are derived am shown in Appendix 3.

25, On the benefit side, wood produced by project farms would be easily absorbed by FICOP.
Market demand for paper and paperboard is expected to grow considerably in the Philippines
and it Japan, the principal export market. Total demand in the Philippines is expecied to

be 800 000 tons in 1985 compared with 420 000 tons in 1975. Production is expected to
increase more slowly from 37? 000 tons in 1975 to 420 000 tons in 1985, It is estimated

that approximately 500 000 m® per year of Albizzia wood could be utilized to meet FICOP's
present capacity. The first harvest from project tree farms would not take place until

1981 andyield will be about 284 000 m~ by 1985.

26, 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 P27 per cubic metre. Harvesting costs are,estimated at P13
per cubic metre. Therefore the resulting average stumpage value is P30/h zr&.e.(PEO + P10} -
(P27 + P13)/.

2T+ 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 estimateds They are shown
on line 2, Table 5,

Feonomic Costs and Benefits

28. & economic value oflyenefits was taken to be equal to the financial value of
P30 per m”, as derived above. The value iz based on what PICOP is gctually 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, Thue

j7ideally, gince 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. Howaver, data to derive such a value for the wood
component are not available. Thus, benefiis 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 conservative figure.



Table 2~ Physical Inputs/Outputs, 10 ha Farm

_________ oo o= AotiVITiES = = e e = m = - = = -

Second & Later Roatations

‘Establishment Singling ‘Weeding Harvest
YeRE Inputs l/ Input Input Output 2
- - - - - = mé = == = fumber of hg = = = = = = = - -
o 2
1 2
2 24
B 2
4
5
[
7 1 &
8 ] 1 1 (8)
9 1 1 1. (8)
10 1 1 i (9)
14 1 1 g (9)
1 ¢ 1 1 1 {10)
13 .| 1 % (10)
14 1 * % {11)
15 and on é/

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

&

g/ Numbers in parenthesis indicate age of stand being harvested.

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



Table 3 = Timing and tagnitudes of Physical Inputs and Outpuis - for

Agsumed "Average" 10 ha Farm

Ttem Units/yea.r 0 | - N g 5 & 7 8 9 10 11 12 13 14 15
and on
Input s
T Lena preparaticen m.de 74 74 4 !
lining, digging
and planting
labounr ) m.d. 38 38 38 a8 -

X q
seedlings~  no. 1200 1200 1200 1200

Replanting
labour med. 16 16 16 16
seedlingsg/ no. 300 300 300 300

Fertilization

labour med. 25 25 25 25
fertilizer ke 4 4 4 4
Weeding meds 68 68 68 68 34 34 34 34 34 34 34 34 34
Singling Mmeds 25 25 25 25 25 25 25 25
Qutput
Pulpwood;/ 3
stumpage= m~{r) 184.1 205.8 205.8 227.0° 227.0 247.8 247.8 268.2 205.8

ijeedling production involves 13 m.d. of labour: Rest of cost is materials.
2
© Assumed that 20 percent would have to be replanted on the average,

’

Y
Based Appendix 3, using site index 30 and ages of stands harvested as shown in Table 2.



Table 4 = Unit Costs Used in

the Financial and Economioc fnalyges

(pesos/unit) -
(1) (2) (3) (4}
Ttem Units Financial Economic
Value/Unit Cost
Labour Mede 8 42'/
Fertilizer kg. 25 25E/
Seedlings 100 8.7 5.25/
Output m>(r) 30 30

E'/ derived on the basgis of estimated production for home consumption
and altemative employment given up by @ farm family in order to
establish and maintain 8 ha of plantations.

P-/ Asgumed to be the same as the financial cost

2/ Seedling production wsts are BO percent labour and 20 percent materials.
Thus, 80 percent of the P8.7 financial cost, l.e. P6.7, was reduced by half to
reflect the shadow wage of P4 instead of the financial wage of P8. The shadow

s
price for seedlings was/calculated as follows: P8.7(.80)(P4/P8) + P8.7(.20)=P5.22

& The shadow price for output (stumpage) was considered t6 be close to the
financial price, given the information available, Thus the financial price

was used,



Table § Financial Cash Flow, 10 ha. Plantation

(value in constant pesos)

............... R e m s e mr e masmmar e mm e em s A R §art e e i o o e o o e e
e e, o Iaer 4 2 & 3% .0 9 10 11 12 13 14 15 16 11 18 W
Cash Receipts 1
1. gﬂ;‘k leans 1500 1590 1500 1500 - - = 5 - - E x - = 1 n < X o . o
& Td . =] = E = = - = 5533 G174 6174 5010 6810 gajn 7434 BO46 5174 6174 6178 6174 6{T4
ota 1500 1553 1500 1500 = - - 5523 6174 6174 6810 6810 7414 7434 0046 6174 5174 6174 5174 G617k
Cash Disbursements
3. Land preparation 590 520 590 590 - % % - - = = g A -
4. Purchase seedlings 139 132 130 130 - - = - ¥ _ i = y a s - - a =
5. Lining/Dig/Fiant 309 3 300 300 - - G = = g & = - A - 3 v
6. Replanting 10 130 130 130 .~ - - = J R o - = - 5 - & s e
7. Fertilizing 00 309 IO 3P0 - g - - 2 = - 2 - o 2 " 2 < - M0
8. Weeding 550 532 850 550 - - - 215 275 215 - 215 275 215 215 275 215 215 215 215 3719
9. Singling = S = = = - 00 10 100 100 100 109 106 199 100 109 A00 1”0
Total 2000 2050 2000 2000 = S 275 375 375 375 375 375 315 75 375 75 375:- "7 3755 BT
Loan Payments y
lo. Accuin, interest - - - - = - 3 3200 3050 - = = = - = __A = - " .
17, Princ. & interest 5 = - = = n = s - 1459 1459 1459 1459 1459 1459 = £ - = L
Total - - : = ol = = 3700 3050 1459 1459 1459 1459 145% 1459 z S = = =

.

Cash Balance After
Loan Payments _(509) {5233 (500] (500} - = ™ 2048 2749 4340 4976

4976 5600 5600 6712 5799 5799 5799 5793 57199
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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 benefits,
since 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 ghown 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/ﬁay. Derivation of
rezl labour costs for a2 10 ha farm is shown in Table 4.

30 Total economic costs for the average 10 ha famm are ghown in Table 6. Theme include
the costs of extension services provided through half-day visite per year per tree farm at
P50 per vimit.

D. COMPARING COSTS AND BENEFITS

Financial and Economic Rates of Retumm

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

Sensitivity Analysis

32, Several of the original assumptions of the financial and the economic analyses ware
baged upon uncertain data or are administratively determined. It is likely that prices

and guantities of inputs and cutpute 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 gensitivity of the financial and economic rates of return to such possibilities, a
gsengitivity analysis was conducted. Table T presents the results of such analysis.

33. 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 ecponomic 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. 2/

M, 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

l/ The 31 year pericd of analysis corresponds to two coppice roiations 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.

g/ A1 calculations were also carried out for 23 &ears {one coppice rotaxion), but
there was little difference between 23 and 3% years. Therefore the analysis uses
only the latier period.



Table 6, CconomicValueFlow, 10 ha Plantation (value in constant pesos)

————————————————————————— YEArS = = = = = = = = = = ;- s e - s e === === === -
] 0 i 2 3 4 5 6 7 8 9 10 i 12 13 14 15
Benefits
1. Thinning - - - - -, - - - - - - - - - - -
2. Harvest a8 = 5 = - - = 5523 6174 6174 6810 6810 7434 7434 8046 6174
TOTAL o - = = = - = 5523 6174 Bl74 6810 6810 7434 7434 8046 6174
Costs
3, land Preparation 295 295 295 295 - - - = - - - - - -
4. Purchase of seedlings 78 78 78 78 = = — b - F - =, - - = -
5. Lining/Dig/Plant 150 150 150 150 = - o - - & - - - - - -
6. Replanting 65 65 65 65 - - - - - - - - - - = -
7. Fertilizing 200 200 200 200 5 -3 - - = - - - - & = =
8. Weeding 275 275 275 275 = = = 137 137 137 137 137 137 137 137 137
9. Singling S = = = & - - - 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
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 588X 5881 6522 6522¢ §8 2T 7147 7559 5887

= [l =
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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 eccnomic 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 get of assumptions was used as the base for the sensitivity analysis.

35, In order to assess changes in financial profifability of an average farm induced
by different alternative loan policies, the first changes in assvmptions were applied to
the loan the smzllholdere received from IBP. In Assumption Set 3 (zee Table T) 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.

3. One factor.which by definition must be variable is transportation coste 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
23,337 revenue increase in the financial analysis and a 56.67% benefit increase in the
economic analysis. g/ 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). For a plantation located 100 kilometers from the*mill both the financial
reverme 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 1.5% (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
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, harvesis were pegun one year
=" earlier (age 7 or year 8), but this was merely an administrative decision which could
also have been made with the sustained (8 year) Planting assumption. If it was
necessary for PICOP to obtain supplies of Abizzia earlier than in the‘n1nth year,

it would perhaps have been better to initially pay higher dgl;vgred prices for
Albizzia, thereby encouraging earlier planting and shorter initial rotations. .
Tn that case it probably would have been necessary for smallholders to plant their
entire eisht hectares earlier and to vary their first rotation cutting in ordgr to
meet PICOP's immediate needs, but higher prices could then justify such planting

and harvestiing.
5/ mnv other single factor 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 increaie in transportation cost of P 2.79/1113 is a 9.3 increase in a base price
T of P 0/m



S84 Three cost changes were tested for their &ffects on the rates of return. First, in

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

due to higher wages ( shadow wages) and/or lower productivity. The financial rate of return

under this assumption was 10% lower, and the economic rate was ¥ 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 refurn an additional
b 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 economiec rate by 1%

391, HEven though most of the assumption changes hapd a large effent on both rates of
retnurn, and especially the financial rate, no assumption change reduced either rate below
204, This apparently suggests that the project is acceptable, both ecoromically to the
country and financially to the smallholder,under a wide range of alternative assumrtions
concerning costs and returns.

Table 7 = Sensitivity Analysisg

cost

J"-H.

Original assumption Hew assumption set Tnternal Rate of Return (%)
Finznecial Analyeig EBEronomic Analwais
(31 vears) (31 years) '
1. Original assumption Same 39.4 33.2
2. 2 ha per vear for Sustained Plantings (SP)
/] vears (1 ha/vear for B vears) 41.8 33,9
3; P 1500 loan for each  Sustained Planting (SP) 31.4 -
of first 4 years
418 Same SP - no Toan 277 -
5 Haulings-distance 5P - hauling distance 0 km AT42 41,1
75 km
6a Same SP ~ hanling distance 100 km Q.5 2.4
7. Original revenues SP — Revenues {benefits) 3.5 29,5
{benefits)
Bk Same SP — Revenues (bemefits) 22,7 23%.5
50 vercent lower
9,  Original labour 8P -~ labour costs 25 percent .5 N2
costs higher
1104 Same SP -~ labour costs 50 percent 26.4 29,7
higher
Original fertilizer SP — fertilizer cost doubled 39,0 32.8

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

financial rate of

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

eoonomic labor cost.
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APFENDIX 2

- ,
Yields bWy Site Index of Albizzia Falcataria

Nasipit Lumber Co. Plantations (mY na)

Age 18 26 28 0 32 34 50
2 22.3 48,0 5641 64,8 The2 B4.3 189.2
3 Vet 67.3 78.6 90.9 104.0 148.1 265,29
4 39.6 85.6 99.9 115.5 132.2 150,1 C el
5 47.7 103.0 120.4 130.,1 159.3 180,8 406,0
6 5545 119.9 14041 16149 185.4 210.5 A72.6
7 63.0 136.4 159.1 18441 210.8 239.4 £37,4
8 70.5 152.4 17841 205.8 235.6 267.6 00,7
9 77.8 168,2 196.4 227.0 259.9 265,2 662 .6
10 84.9 183.6 214.5 247.8 283.7 322,2 T2%.4
11 91.9 198.8 232.2 268.2 NT.? 348.9 7R3,2
12 98.9 213.7 249,86 238.5 330.3 37541 Ra2 .1
13 105.7 228.5 266.9 208.4 353,1 401,0 900, 2
14 112.4 243.0 283.9 323,17 377.6 42045 957.6
15 119,0 2574 300,71 347.5 39749 451.8 1014.0

* up to 10 cm top diameter inside bark net including branches, 2 x 3 m initial
spacing, weeded first and second year, no thinning.
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APPENDIX 3
Derivation of Farmer Loan Repaymenis
Loan l/ Interest Due At
Year Amount < End of Year 7 {Beginning of year 8)
—
Q P 1,500 F 1816
1 P 1,500 P 1461
2 P 1,500 P 1143
3 P 1,500 P 860
Motal P 5280
‘Tnterest due beginning vear 7 P 5,280 2/
Amount paid in year 7 P 3,200 =
Femaining interest due P 2,080
Principal outstanding (4x$t 500) F 6,000
Total loan outstanding P 5,080
Cne year's interest 12% P 570
Total interest due 3/ in year 8 F 3,050

The annual repayments of the lecan. for years 9 - 14 {1ine 11, Table 55
are derived as follows:

B 6|
P £,000 nilgililgl_‘

(1.12)6-1

.
]

P 6,000 (0.2432) = P 1459

The factor in parentheses is called the "capital recovery multiplier',
and is given as follows: = |
i(1+1)" |
{141)"=1
The value of this multiplier can be found in mnost tabi;; of compound and
discount factors.

l/ Assuming 2 ha planted per year at a total annual cost equal to P 2000 (Tabl
75 percent of this amcunt, or P 150C, is covered by the Bank loan.

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

3/ P 2080 plus P 970.

e ?).
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Preface

Thie is one in a geries of case atudlies of forestry and foreast indusirles projecta
that has been prepared by the Food and Agriculture Organization of the United Kations
(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 Internatiomal Development Authority (SIDA). This ocase
study has been prepared by FAO with the assistance of the College of Forestry at the
University of Minnesocta.

The project reported on in this case study is & project of the Government of Korea
which has been assipted by a loan from the World Banke The case 8tudy is based largely
on material contained in an appraisal of the project carried out by the World Bank ‘
(Report No. 958a - KO)s A field visit to the project provided further information.
The case study describes the projeot aa it was perceived at the time of appraisal in
late 1975 This material has been released 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.
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ABBREVIATTONS
ERR = Boonomic rate of return
VFA = Village Forestry Associations

CURRENCY EQUIVALENTS

Us$1.00 fon 485

Won 1,000 US$2.06
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A
INTRODUCTION

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

2. 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 severszl
supporting research components. The total cost of ihe fuelwood project discussed here is
$14 million, of which an estimated 5 percent would be foreign exchange.

3. The project would significantly reduce local shortage of fuel by establishing about
11 000 village fuelwood blocks, covering about 127 000 ha, Sub=projects 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 on-going programme to expand fuelwood plantations in Korea, which in 1975
had already successfully oovered more than half a million hectares.

e Plantations would be established by communal labour, mostly on private land with few
aliernative uses. Seedlings, fertilizer and technical assistance would be provided by
goverment agencies. Specles used would typlieslly contain a mixture of fuelwood and
{imber-producing species with the proportion of {imher species not exceeding 35 percent.
The projeot includes support for fuelwood research (vehicles, equipment and materials). The
repearch would addresa problems puch as speclss zelection, optimum apacing and fertilizer
UBSe

5« The present case Btudy looks in detail at the economic appraisal of the Korean fuelwood
Project. The case ie divided into five geotions. Section A providee 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 ard input requirements. Section C analyses
project cosis, while SBection D discusses outpui aml benefita. Finally, Section E provides
& comparison of costzs and benefits and looks at the sensitivity of the economic analysis
and the economic rate of return (ERR) to changes in assumptions.

6. This case study records an sxample of a successful forestry project designed to involve
and benefit the rural poor. One use of the study cen thus be to illuamtrate the conditions
and arrangements that helped make 11 posaible and helped to ensure ite succesaful implemen~
tation.ai7 Particular issues of substanoe and concept that the user may wish to consider
include local organizational arrangementa, coordination of village~level organization with
the broader regional and national elements of organization needed to implement the overall
projeot, and the concept of — and 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 analy®is include the development of ghadow prices, particularly for labour and
fuelwood output; questions of timing and project period (final harvest output assumptions),
use of Maverage' per ha values in the analysie of the entire 127 000 ha included in the
project, and use of seneitiviiy analysis toc determine the mensitivity of project results

to changes in aspumptions regarding input and output values.

A. APPRATISAL BACKGROUND

The Need for Fuelwood

Te Basic to the foresiry problem in Korea is the long pericd of extreme winter nold,
when the mean daily temperature is below freezing for almosi three months. The heating
system commonly in use (the "ondol" system ) requires large quantities of fuel (averaging
4.2 tons per annum for a household of 6 persons) and in rural areas has led to the almest
total impoverishment of those areas of forest LZand which are adjacent tc agricultural
communities. All areas of foresi land have traditionally been ragarded as freely available
for fuelwood gathering and therefore, control of harvest has been almost impossible to

1/ See algo Cage Study No.1,"Philippine amallholder tree-farming projeci®, for an example
of another, but quite different, succesaful project for rural community developments
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imposes 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 quantitiess 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
Offites 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:

-(i} Conversion of cooking and heating units to coal burning, where coal
supplies are adequate;

(1i) Improvement of the design of cooking stoves, for more efficient conversion
of fuel;

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

(¢} 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 toc 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 agnnual 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 highe Silvicultural treatment

and logietical facilities were also adequately planneds. There do not seem to bhe any
prohlems of supervision either at the technical advisory level or at the village foreman
level.

Foregt 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 Foresis 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 foresi-~land holdings are for the most part very small, as shown
in Table 1.
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12. Private forest-land is used mostly for the gathering of fuel and is therefore usually
slmost bare of trees or else carries impoverished pines less than 2 or 3 m highe Such land
is frequenily most valued for its use as a family burial ground. Given the high proportion
of privately=-owned forest, it is clear that privaie forest land has to be used for the
sstablishment of village fuelwood plantations. As they are mostly small 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 planteds This arrangement has
resulied in compact blocks of land being available for fuelwood plantations.

Table 1: Ownership Pattern of Private Forest Land

Holding Size Number of % of Total ‘Z"Lf
'—(ﬁ_ Holdings Holdings Area (ha) Area
Less than 1.0 985,000 560 - 387,000 8.4
1.0 = 10,0 699,000 3947 2,275 000 4942
10.0 = 100.0 74,000 442 1,519,000 3249
More than 100.0 2,000 O 441,000 9.5

Total 1, 760,000 10040 4,622,000 100.0

Source: World Bank Report 958a = KOy Febe 15, 1976.
B. TECHANICAL CONSIDERATIMNS

Proposed Projeot Magznitude and Objeciives

13, 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)

14 Arising out of a recent survey, the fuelwood needs of most village have been assessed
using a standard Fuelwood Forest Record. DBased on the number of households and fireplaces
in lhe village, itotal fuel demand is ecalculated. The forest resources of the village are
agssessed 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 neededs Priority in allocating government staff time and
materials to particular villages depends largely on the competence and enthusiasm of the

VFA but alsc 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



Table 2: Provincial Distribution of the Fuelwood Component

Province subH;;ogzcts Area to be Planted (a)
9T 7967 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
eonra Bug 1,077 44400 7,000 11,400
Jeonra Nam 2,240 10,100 15,000 25,100
Oyeongsang Bug 1,796 8,600 14,000 22,600
Oyeongsang Nam 1,23 10,200 13,600 23,800
Jeju 54 500 500 1,000

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

Source: World Bank Repert 958-K0, Peb. 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 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:

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

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

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

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

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



(e) To build the productivity of the remaining forest land through the prevention
of litter raking; and :

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

16. In view of the size and success of the 1975 programme (40 000 ha), and the satis~
factory estavlishment and protection of previous years' plantings, the targeds of 50 000 ha
in 1976 and 77 OO0 ha in 1977 seem well within practical attainment. Kursery stocks,
transport, and teohnical supervision also appear gquite adequate for the proposed projeot
and, most important of all, it appears to have the full understanding end support of the
villagers themselves.

Flanting sites

17 The sites selecied 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 consiet 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 selacted 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 (VFAS, whereby the VFA assumes all
management responsibilities {including the organization of planting) and the owner receives
10% of the yield of the 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

18. In most cases, the areas selected for planting carry only a light growth of shrubs.
and grasss. 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) VFPA nurseries at province, county and village levels, and (c) private
commercial nurseries. The largest production is from the VFA nurseries. Siock from these
nurseries is sold at a small profit to cover costs and to give a return to the VFA members.

Transport

20. The counigy has an adequate road network and therefore primary transport of seedlings
by truck is no problem, with secondary distribuiion being carried out by bullock cart and
by human portage. There are no seriocus problems of ascess to the plantation areas. Project
supervision, by the Office of Foresiry 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.

Elgnting

Y Planting takes place in March and April. To obtain maximum early yields, planting
density is high, with 4 000 planta/ha proposed for "forest" areas, and 10 000 plants/ha '

for "mon-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 wview, they may not give suificient weight to cost factors
and to soil and site conditions. There may be additional henefits from less dense spacing



and therefore various:spacings would be field tested under the projects FPlanting is in
straight lines up and down the hillsides, to facilitate weeding and later extraction of the
produce. Open—rooted planting is used and NPK 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

22. The selection of a particular species (or species mixture) for an individual site is
governed by its location in the country, soil fertility, and other site characteristics.

The main fuelwood species used are Black Locust (Robinia seudoacacia), Alder (Alnus firma
and A. hirsuta) and the legumincus shrubs Bush Clover ZLespgdeza 522.) end Indigo Bush
(Amorpha sp.j. The main timber species are Poplar (Populus alba x glandulose) and Larch
(Tarix leptoledis)' while Pine (Pinus rigida and P. thunbergii) may be considered dual-
purpose., An interesiing development is the use of Poplar in alternating lines with Bush
Clover on relatively dry mountain sitess This is the so-called "Sunchon" method of fuele
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 pulpwcod at nine years old, or saw timber on longer rotations. Wherever site con-
ditions permit, plantations of mixed timber-producing and fuelwood-producing species are
created. For example, Poplar (for pul pwood roduction) is planted with Lespedeza or Robinias
Pinus rigida (for fuel and timber production§ may be planted with Black Locust on low-
quality sites, where the nitrogen~fixing capacity of the Black Locust is valuable for site
improvement, whilst the Pine is tolerant of the low site quality.

23. While the mixing of fuel and timber-producing species may not he ideal froem an
economic viewpoint, there are good sociological reasons for its use. The main timber species
are well undersiood by the villagers and produce significant amounts of fuel from pruning

and thinning. High~yielding fuel-producing 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 dual-purpose species (such as pines), 30% would be devoted to Bush.
(lover| and Indigo Bush in 'non-forest" areas, while the remaining areas would grow Black

Locust and Alders (Table 3).

Maintenance,

24. 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

25. The physical inputs required for a iypical or "average" ha of fuelwood plantations
are shown in Table 4, together with the estimaied ountput (discussed in par.38). A 20-year
rotation is assumed for the fuelwood component.

Organization

26. A Village Forestry Association has been formed within every village in the country.
The head of each VFA i elected by his fellow villagers for a five-year term. He is
directly responsible for activities of the VFAy such as the production of transplante from
the village nursery, oak mushroom cultivation, and so on. He obtaing technical guidance
in his work from the foresters of the VFA Union at county level, and the disirict officers

of the Office of Forestry (see Figure 1).

T The Office of Forestiry and the VFA field organizations are fully staffed at all
levels, with the Office of Forestry having approximately 40 technically-trained foresters
in each provincial office and 25 in each couniy office. These numbers are impressive and
represent a very adegquate forestiry organization for carrylng out the projeoct.



Table 3 = Fuelwood Component: Species Distribution

Species of Area

"Forest" Areas - fuelwood species

Fobinia pseudoacacia 22
Alnus Pirmus )

18
Alnus hirsuta )

- dual=purpose species

Pinus rigida 29
Pirus thunbergii 3

"Won-Forest" areas — fuelwood species

LesEedeza sp
Amorpha 7l

)
) 29
3

1Q0

Notes

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 desigms are completed and
may include additional minor speciess




Table 4 ~ Phyeical Inputs/Outputs by Years per Ha. (Average) V

YEARS
Units 0 1 2 3 4 5 6 71-19 20
Fuelwood Qutput Tons - - - 0.5 1.0 2.0 4.0 5.0 125.0
Inputs

Labor (local} Man 48.7 - - 4.1 8.3 16.7 393 .7 2083. 3
Site Brep Days 3.1 - = = 3 = = - -
Planting u 36.5 - - - - - - - -
Fertil. A[}pl. » 9.1 - - - - - - - =
Weeding "4/ A ot o ’ - - - - - -

Harvesting 3 - - - 4:1 8.3 16.7 33.3 41.7 2083.3

Supervision 2/ i 0.1 0.1 Oat Qs 0.1 0.1 0.2 0.1 0.1
Misc. (tools,etc.)3/ - - = = = - = - =
Plants No. 5944 - - - - - - - -
Fertilizer Kg. 42 - - - - - - - -

1/ Thege are welghted averages assumed for 85,836 ha of "forest" land and 41,164 ha of "non-forest" land (Total: 127,000 ha)
2/ Includes only office of Forestry input

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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Figure 1 - Korea Rural Infrastructure Project
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28, 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.

€. FROJECT COSTS

Shadow prices for foreign exchange and labour costs

29. For the purpose of economic analysis a shadow exchange rate of Won 560 = US31
(compared to the official rate of Won 485 = UsS$1) was used to value the foreign exchange
component. The shadow exchange rate is based on research undertaken by the Korea Develop=
ment Institutes In the fuelwood component, it is only applicable to fertilizer and some
equipment, i.e., a small poriion 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 Wen 1,900/day for the peak months of June and October. During the winter
months there is little wage employmeni. 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/Hay ~ this value haz 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 preject wouid have no alternative economic use
for the period of the project. Therefore land is valued at zeroe.

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

Fuelwocd plantation cost componenis

32, The average cosisper ha for all inputs are derived in Table 6. Materials, iransport,
gupervision 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 tharefore been valued at Won 1 150/man—
day, which is approximately a weighted average of the main-season (Won 1 BOO) and off-
geason (Won 450) opportunity costs of labour. An average of 48.7 man—days/ha of unskilled
labour would be required (see Table g). The total labour cost of establishment is therefore
Won 56 000 (US$115/ha). .

3 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 Foresiry Associations personnel has been set at 0.1 man-day/
ha/yr and valued at Won 2,500/ﬁan—day. Other supervision costs (fire prevention, insect
control, and so on) would total about Won 2 200/hafyr. Harvesting would take place in the
off-season months and village labour is therefore valued at Won 450/han—day. It is assumed
that one man can harvest and transport {by A-frame) 120 kg/day. Thus the harvesting cost
wonld be Won 3 750 (US8$7.75)/ton. Final harvest costs (year 20) are equal to Won 937 500
per ha as derived in Tsble 6, Footnote 2. Costs per ha by years are summarized in Table Ts



Table 5 - Unit Costs

Units i/ Cost
W/Unit
Labor
1/
Harvesting— med 450
othex 2/ m.d 1,150
Supervision
OCF Pers. med 2,500
Other ha/yr 2,200
Transport é/ ha 2,000
Fertilizer kg 172
Seedlings plant 11.6

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

2/ BEstablishment 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).

g/ m.d. = man days
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Table 6§ « Derivation of costs per hectare

Office of Forestry

Total

HARVESTING

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

120 kg.?h.d or 8.3 m.d/ton and

W 450/m.d.

(Idle season labor cost)

Cost/ton = WASO x 8.3 m.d. = W3750

Cost/ha (by years)

Years Yield
(ton/ha)

0=z 0

3 0.5

4 1.0

5 2.0

6 4,0
=19 5
20 125

MISCELLANEOUS (tools, etc.)

Units "Forest" "Non-forest" Avg, l/
SEEDLINGS
Flants (No. /ha) 4,000 10,000 =
cost/plant (W) 11.6 U
cost/ha (W/ha) 46,400 116,000 9,000
transport to
site _ (W/ha; 1,300 3,200 2,000 |
707, (Del ) (W/ha 47,700 119, 200 71,000
TERTILIZER
Application (¢/plant) 6 6 6
Cost (W/a) 0.077 0,077 0,077
Cost/Plant (W/plant)
plants/ha ~ (Plants/ha) 4,400 10,000 -
cost/ha {W/ha) 1,853 4,600 2,743
transport to site (W/ha) 100 200 133
T0T. (Del) (W/ha} 1,953 4,800 2,876
ESTABLISHMENT (LABOR)
Flanting
man-days (M.D}/ha) 24.6 6145 3645
value {(W/ha) 28, 300 70, 700 42,000
Fertilizing
ma.n—days (m. d}{ha) 6.2 1514— 9.1
value (W/ha) TS0 47,700 3 10,500
Site Prep. '
man-days 4.6 3,1
value 5, 300 - 3,600
Weeding (assumed to be offset by grass fuel collected )
| SUPERVISTION }

1,875
3,750
7,500
15,000
18, 700
937,500 &/
7,500

F

125,000 kg/ha
60 kg/man day

Thue the cost is

1/ Weighted avg. 85,836 ha of '"Forest" and 41,164 ha of ™on-forest"
2/ 60 Xg/man/day can be harvested.
x W45Qﬁman day = W937,500/ha



Table 7 - Economic Analysia of Average Fuelwood Plantation {one ha basis) 1/
W 1000/ha (constant prices)

0 i 2 3 4 5 & 31 B 3 41w m 1213 w15 16 17T 18 1 20

BENEFITS

Fuelwood = = - 6.513,0 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) i0.5

Weeding (labor) 2/ - - -

Supervision 2.4 2.6 2:4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2.4 2o 2.4 2.4 2.4 2:4 2.4 2.4

Misc. (tools, ete.) 7.5

Harvesting 1.9 3.7 7.515.0 18B.7 18.7 18.7 18.7 18.7 18.7 18.7 18B.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 2.1 21.1 21.1 21.1 2i.1 21.1 21.1 2i.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 53.9 43.9 43.9 43.9 43.9 43.9 43.9 685.1

1/ Original World Bank Appraisal version correctdd for consistency

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

(s
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D. PROJECT BENEFITS AND OUTFUT
34. The principal benefits of the fuelwood compoment 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 composting
and other productive purposes;

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

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

(d) a reduction in soil erosion and flood damages; and
(e) institution building at the village level, leading to increased self-reliance.

5. 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 discussed earlier, many of the fuelwood plantations would have an admixture,of timber
species. As the returng 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

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

37. Field obgervations 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 fuelwoods 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. 1 There is no foreign
exchange effect since both substitute materials are produced and sold locally.

Pro ject output

a8. Assuming plantation establishment in Year O, annual harvest would reach 5.0 ton/ha/y
in vear seven for a typical fuelwood stand. Yields would build up as follows:

Year Yield % of full

(ton?ha) development
0=2 0 0
) 0.5 10
4 1.0 20
5 2.0 40
) 4.0 80
T-19 5.0 100

1/ iecey 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.
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3¢ It is assumed that the average plantation would be clear—cut in Year 20, yielding

125 tons/ha of fuelwood, Average yield over the rotation would be 9e4 tons/ha/yr. During
Years 0 to 2, there would be a certain amount of grass and weeds produced but it is essumed
that the economic value of this would be merely equal to the opporturity cost of labour
used in collecting it.

Direct project benefits

40, Ising 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 T

Indirect benefits

1. 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 fuelwocod and would enhance its potential
for commercial timber production. Leaving forest litter on such areas would retard
erosion and help to reduce flood peaks.

47. 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 among 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 ceoperative action.

E. COMPARING 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.

Sengitivity analysis

44. To test the sensitivity of the ERR +to different input and cutput assumptiens,
certain changes were testede These include changes in values for costes such as
fertilizer and seedling costs and benefite such as yields and price of

fuelwood. In addition, alternative assumptions were tested regarding labour costs.. The
results are Shown in Table 8.

45, As indicated in that table, the ERR 1is gensitive 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 fuelwecod value cancel
each other out, giving an ERR of 17 percent, the same as the original ERR, This is
becanse of the different timing of the impacts of thege elemenise

45 The ERR is also sensitive to other labaur cost 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.l/ 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 labar was Won 450 per man-day, as
compared to Won 1800-1900 per man-day during the peak season, If this off-season shadow

1/ 60 kg/day vs. 120 kg/day
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Table 8 — Sensitivity Analywis Y

Original Assumption

New assumption 2/

Te

2e

B
4e

Do
6o

Te

8.

e

10,

e

12«

13.

14.
154

164
17,

18.

Constant real labour cost for
project period.

Constant shadow price for fuel-
wood for project period.

Same asz 1 and 2 above.

Seedling cost of Won 71 000
per ha.

Fertilizer oost of Won 2 900/has

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 toms/ha in
year 20,

Annual thinnings of 5 tons/he
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.

Pinal harvest: 60 kg/md.

Off-peason labour shadow wage =
4500 /md.«

Off-seagon labour shadow
wage = W450/md. j
fuelwood value of W 13 000/ton.

Fuelwood value of W 13 000/ton.

® <

Original ERR was 17 percent.

1e 4 percent anmial increase in rural

24

3a
4e

5
6o

Te
Be
e

10,
M,

124
13

14,
15.

164

17«

18.

labour coste

2 percent annual increase in real

value of fuelwood
Combination of 1 and 2 aboves

Seedling cost of Won 35 500
per ha.

Fertilizer cost of Won 6 000/ha,

Finsl harvest of 29 tons/ha
each in years 20-24,

No final harvest. Year 20
"thinning" of 5 tons/ha.

No final harvest. Years 20-25,
annual "thinnings" of 5 tons/ha.

No final harvests Years 20-30
anmal "thimings" of 5 tons/ha.

No thinnings or harvest beyond
Yyear 15.

No thinnings or harvest beyond
year 12,

Yields 80% of those shown in
Table 6-

Yields 604 of those shown in
Table 6.

Final harvest: 120 kg/md,

Off-geason shadow wage = W600/md.

Off-season shadow wage = WET5/mde

Fuelwood price of W 10 400/ton
(80%).

Puelwood price of W 7 BOO/ton
(60%).

All other original assumpiions remaining the same.

New ER ggercent[

negative
21

17 (no change)

20
17 (no change)

1647
14.4
1542
135

1246

10,0

14.7

1149
18.2
14.3

12,7
12:8

546
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wage ie 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.

AT Changes in the yield and timing of output alsoc affected the ERR When yields for
each year were assumed to be 80% 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 EFR 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%s For demand cut-offs after years
15, 20, 75, and 30,' the ERR were 12.6%, 14.4%, 15.2%, respectively. 2/

48, Finally, if fuelwood values fell to BQ% of the originally assumed value; the HERR
dropped to 12.9%, and if values decreased to 60%, the ERR fell to 5.&%.

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

2/ For ;emand assumptions through years 25 and 30, this assumes that the fuelwood
plantations established in year O continue to yield 5 tons/ha[year (at the same
harvest end supervision costs) through that final year of demand.
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Prefaoe’

This is one in a series of case studies of forestry and forest industries projecte
that has been prepared by the Pood and Agriculiure Organigation of the United Nations (PAD)
in order to demonstrate actual methods umed in preparing amd appraieing projects in the
forest mector. The programme of ocase studies has been made poasible by a special allocation
for this purposs from the Swedish Internmational Development Authority (SIDA). This case
study has been prepared by FAD with the assistanoce of the College of Forestry at the
University of Minnesots.

The prenent oase study is based on a real project in a South American oountry.
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 atudy describes the '
project as it was perceived at the time the original preject appraisal was carried out,
in 1973.

The material oontained in this case study has been released to FAD exclumively for

the purpose of teaching forestry plamning methods, It may not be quoted or reprodunoed in
part or in whole without permission.
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INTREO DUCTION

1s This ie & case study of a project to expand wood supply and procesaing capabllities
for an existing wood processing company. It iz an integrated project involving harvest and
utilisation of natural tropical hardwoods. The proposed yroject would add plywood, lumber,
moulding and sliced veneer capacity and expand signifioantly the company's ability to supply
ita raw material needs. The project involves inoreased commercialization of native species.
The proposed project involves an investment of some U3$%3 million.

2 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 begen operations with a single peeler, which
has beesnr addad to at intervals so that the mill now has a capacity of about 20 000 3
plywood per anmum. There is aleo s small sawmill with & capacity of about 2 800 m3 per
anmum.

3. Although the plywocd mill started operations almoet 15 years ago, it is only in
recent years, since the Company received positive incentives to encourage exports, that
the mill began to operate under profitable conditions. Log exporis have contributed
aignificantly to finencing the development of the current mill operation.

de During the lest few years & firm market has been es}ablished in Europe for plywood
producte, based mainly upon one species. Prom this bese other species have hLeen sucoess—
fully introduced on the market. The preaent polioy ie to progressively introduce more
native wood epecies onto the international merket. This will broaden the base of raw
material supply, which will improve the yield of utilizable timber per hectare.

Be This policy promises to be rewarding, particularly in the longer run, since the
region's forests remain one of the few large untouched resources of tropicsl hardwoods
left in the worlde. In light of growing world demand and limited expaneion in other
tropical zones, due to physical, economic, and in some ocases politiocal constraints,
progresgively more favourable market conditions for the region's forest products ghould
develop.

6. The present mill is located on & major river, with many tributaries that supply
loge to the milles The mill site is on a small bay cut of the main current — which provides
a fairly still legoon for log storage amnd handling. Undeveloped land on either side of
the present mill site ocould be socquired if future expansion is warranted.

Ts While the stending volume of timber in the region is large, mch 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 commercial market. Thue, while the region certainly
could enpport additional processing oapacity, the lack of adeguate information on delivered
wood cost, availability of presemtly marketable woods, shortage of skilled labour, infre~
struoture, eto., has resulted in a slow growth of the woed processing sector.

8. Since the project region is atill largely undeveloped, the economic, financial and
social conditions which are normally needed for a successful processing operation are not
generally svailables Therefora, this project raises interesting questions connected with
the uncertainty surrounding the proposed cperation and its treatment in an economic ap-
praisal. Other iesues jn this osse study incilude the analytioal treatment of separable
components, and the differences involved in financial vis-i-vis economic analyses.

9. Section A provides a description of the project, including technical considerations,
gvailability of required inputs, market for outputs and unit prices. BSection B provides
ostimates of project costs and benefits. Costs and benefits are compared in Section C.
PFinally, Section D explores the sensitivity of the project to chemges in key assumptions.



ke THE PROJECT

Qutouts and Inputs

10. The project includes a new plywood mill which will be added to the existing one.
A new pawmill and moulding plant will also be built and the existing sawmill will be
olosed down. In addition, high oapacity eliolng equipment will replace the existing
veneer slicer. A logging system new to the region will be introduced.

11, The proposed ocutput mix of the project is strmctured so ez to meke use of a variety
of speciea availahle in the region. Output wolumes and types were set at levels that
would not overburden the Company'a marketing csapacity.

Tachnical Considerations — Processing Components

126 The plarmed production mix of the industrial complex at full projeot development
(fifth year) is summarized in Tsble 1. Table 2 shows build~up of production for the main
products from year 0 to 4, when full production is reached for all project componenis.

13 The produnction of the existing plywood mill will be ralsed from sbout 13 000 m3 per
annmum to 20 000 per annmum with some minor alterztions and additions and improvement
in operating skills. (See Appendix 1.)

14. A new plywood mill (plymill) is proposed as the oore of the industrial complexs A
3-line mill appears the most appropriate choioce to take advantage of the variability of
the species that occur in the region, ainoe it greatly increases operational flexibility
with no proportional increase in ocopt over a two-line mill. This is also important for
plant maintenance and in case of breakdowns, since the operation is relatively isclated
from centres of engineering and spare part supplies. (see Appendix 2 for a desoription of
the plywood mill.)

15. 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 maintern—
ance and spare parts availabile in the area of the projects A "medium level technologyn
pawmill is proposed. (Details on plant, equipment and production estimates are shown im

AEEendiJ: 5-

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

17. A moulding plant consists of three f=cutter planers and moulders and one 4—cutter,
together with a 3-saw irimmer. Appropriate bundling equipment is provided for, together
with & packaging and covered storage area for the finished products. About 11 000 m3 of
mouldings will be processed per annum., These will be composed of a variety of products

in varying proportions according to special orders. Basically two typres of mouldings

will be produced, i.e. wall panelling and semi~decorative mixed mouldings. (See Appendix 3-).

18, The wveneer slicer will consist of high capacity equipment, 4 m3 per hour. Produc-
tion will be abont 500 75 per year. Decorative veneer has been inoluded in the produotion
programze in order to optimize local untilization of high grade logs suitable for veneer
slicing which in the past have been exported in log form. It is estimated that suoh loge
will not exceed one percent of total supplies.

19, Algo & steam plant will be added for the new piywocod mill and sawmill. It is
eatimated that the combined energy requirement of both millz can be adequately esatisfied
with the availzble wood waste.



Table 1 — Planned Project Ouiputy

(m> per year)

0ld plywood mill plywood 20 000
Few plywood mill plywood 45 GO0
New sawmill/moulding plant green lumber 30 000
dried lumber 13 000
mouldings 10 800
New veneer slicing plant gliced veneer 500

Total 119 300

Table 2 = Phasing of Output

{1 000 m3)
o . _Year
0 1 2 3 4-14
Plywood Qld Mill (additional)j 4.6 7.0 Ta0 7.0 T.0
Plywood Few Mill - 4.4 26.0 45.0 45.0
Green Lumber - 23 155 28.5 30.0
Dried Lumber — 1-0 6-7 12-3 13.0
Mouldings - o8 5.9 103 10.8
Sliced Veneer - - Qa2 0ad 0«5
Total 4.6 1545 61.3 103.5 10643

1/ See Appendices 1=} for additional details,

g/ The old mil} will eventually be proeducing 20 000 m3, {ees 7 000 m3 in addition
to 13 000 m~ being produced now,
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Marksts for Outputs and Price Assumptions

20. World demand for seml=dsoorative plywood is growing rapidly. The Company presemtly
has difficulties satisfying foreign orders, and prices on the international market

have inoreased substantially over the lasi few years. Also, several new spsoies have been
successfully tested in export markets. In local markets, prices have besn lower on average
than for exports but demand is also inoreasing steadily. It is expected that adbout 10 per—
cent of the Company's production will be lower grade plywood for leooal markets.

21. For the purpose of economio evaluation, f.0.b. prices of $170/m3 and $150/m> are
agmmed for exported and locally marketed plywood respectively.

22 The market for mouldings will be mainly the USA. Market prices wvary considerably
according to the type of mouldings and wood species umed. A oonservative average priceof
US$125 fe0eb. por cubic metre is used for economic calculations., This price reflects the
situation on the low price US market for semi-decorative mouldings.

23. In view of the growing pawnwood deficjt in Europe, there is no problem expected in
placing the small plamnmed volume of 13 000 k¥iln dried lumber in this market. In addition,
the static but very substantial US market ooculd be approached. The development of sawmwood
exports implies the necessity to adopt suitable timber grading and seasoning methods. Given
the experience of other companies in the region, mo problems are expected in marketing
sawnwood output.

24, The principal market for the production of green lumber will be an adjoiming wood
goarce region. Despite & low per capita comnmumption of wood products in this region, the
absclute sise of the market ies substantial with an estimated consumption of about 400 000
to 500 000 m3 per anmum. Planned output of 30 000 m3 should be readily absorbed at full
projeot development in year 4, taking into asccount the ouiput of competing sawmills, F.o.b.
prices assumed in the economic analysis correspond to present levels, i.e., USSBO/m3 for
exported and $50/m3 for locally marketed lumber. )

25. ¥With regard to decorative venser no problems are foreseen in finding markets for
the modest output envisaged. An f.o.b. price of 8300/11:3 has besn assumed as & conserva
tive estimate for sliced veneer.

Material Requirements and Supply

26, Raw material requirements will rime from an estimated 80 000 o per year at present
to 325 000 m3 per year at project_maturity: plywood production will require about 162 500 n>
per year (including some 40 000 n per year for the existing mill operation); sawnwood snd
mouldings will require_120 000 m3; veneer wWill require 2 500 m3 and log saxports will absoxd
an additional 40 000 m3 per year. (See Table 3 for phasing of additional requirements.)

To secure this volume on a Tegular year—round basis, a departure from exolusive reliance

on the traditional logging system will be necessary. At prement logs are obtained entirely
from a supply system based on the independent operations of many individnal suppliers.
Local workers fell the trees by axe on a narrow sirip of flood plain land along the river
shores upatream from the mill. As water levels rise, the logs are flosted out onto the
river. The logs are then bought and oollected by local operators and are in turn purchased
by company agente at recognized collection pointa. Logs are assembled into larger rafts
and flosted downstream to the mill, using Company tugboats for guiding the rafias.

2T+ Some major drawbacks of the traditional wood supply system are the following:
(1) Seasonal fluctuation of supplies as a function of seasonal flooding

and the resulting necesgsity to operate substantial log storage or
suffer irregular capacity utilizaticng



Table 3 ~ Phaging of Additional Raw Material Requirements

(m3 (r} )
Year

= 0 1 E O _4=14

01d Plymill (additiona,l)l/ 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 00O
Venger Slicing - - 1 000 2 000 2 500
Total 4 000 30 000 138 000 238 500 245 000

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



{ii) limitation of usable species due to restricted accessible logging
areas on low lands along river banks and necessity of Floating the
logs. Thias leads to liftle concentrated exploitation over large
catohment arees, difficult logistics and high losses in tranait.

28. To gecure year-round log supplies, which cannot be provided by the traditional
system, it is essentiel to iniroduce eome form of mechanical logging which does not depend
on seaaonal water level variationsa,.

29. To determine the logging methods to be adopted and to estimate in detail the invest=~
ment and operating cost neceassary to establish a complete sywtem to guaraniee wood supplies,
ag well ag to provide inventories of selected areas tc be logged mochanically, a forest
invent ory/ logging survey will be carried out. The system envisioned would include a gradual
end selective introduction of mechancial equipment in flood plain logging coupled with
optimization of the traditional sysmtem, supplemented by dryland logging in particularly
suitable areas.

0. Esgtimates made by the Company indicate that, by perfecting the present labour
intensive log ngply system, it should be possible to approximately double log supplies to
about 155 000 m” per amnum for the next 10=15 years. This would correspond to roughly one
half of the project's total wood requirements at full project developments The means by
which this increase is expected are Yetter organigzation of assembling, improved log barging
and use of new collection equipment (tugboa.‘l:a, radio commnication). The poseibility of
providing about 75 000 m3 per ammum of additional logs through the traditional system and
the balance (170 000 md paer annum) by mechanlzed logging is taken as the most likely assump—
tione. The mechanized syetem assumed here will require investments spread over 3 years
reaching production capacity of 170 Q00 m3 in the fifth year. Other logging system assump—
tions are tested in the sensitivity analysis.

Labour and Technical Staff

31. With regard to labour, there is an adequate supply to meet projeot requirements,
but it is generslly lacking the needed skills. Abaenteeism is abont 10 percent per day
snd turnover sbout 10 percent snmually. The lack of skills points to the need to estab-
lish in-service training and to improve the general working conditions in the plant so
as to atiract and retain labour. Although subetaniial induatrial development is taking
place in the region, the inflow of people from cutlying areas and cther parts of the
country should be sufficient to ensure & readily available supply of direct production
labour.

32, 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 rumber of staff in leading smd supervisory functions will be increased about
threefold and a number of new departments createds Initial inquiries indicmte that addi-
tional technical, supervisory and executive staff can be atiracted from forest indmnstries
in othsr parts of the country.

B. PROJECT COSTS AND BENEFITS
Costs
33. Noeded invegtment to achieve the project's envisaged procesaing oapacity is shown

in Tsble 4, and phasing of the investment is shown in Table 5. Appendices 1-3 show
detailed breakdown of investment coste for the procesesing component of the project.

4. Eotimated operating cosie for the prooessing stage at full development sre showm
in Table 6 and their phasing up to full development (the fifth year) is shown in Table 7.
Appendix 4 shows further details for derivation of opsrating costase.



Table 4 ~ Summary of Investment Coste for P::_oceasing Stage

(Us $§1,000)

' Other Civil Engineerj:?g Freightu 3 4/

Pquipment | Buildings Works Depigm— Insurance=" [Installatiom™ |Contingencies— | Total

Existing Plymill 167 = - 5 25 33 17 247

New Plymill 3,497 1,124 37 140 524 699 466 6,2187

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

Veneay Slicing Plant I 275 - | - 8 | 41 L] 28 407

‘Steam Plant 640 60 - 21 9% 128 70 1,015

Wood Assembly Equipmentil 105 - , - 1 - 15 - il 131

Traneport Equipment, 100 & - - 15 - 10 125

Plane, Cars s

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

Tota1®/ SRR X, R

']-"/ 3% of equipment, Guildings and other civil works coats

/

les

15% of equipment cost

bral w
-8

tugboats, radio communicacion

20% of equipment cost including electrical installations

10% of equipment, buildinge and other civil works coate

details of the totals are shown in Appendices 1=3



‘Table § - Phasing of Investzent - Processing Stage
(us § 1,000}

Year-

L] b3 2 /4 5 |69 10 11 | 12713 14
Existing Plymill 247 - = ~ - - = - - -
New Plymill 1= | 6,487 ) - - - - e -1 - [{330)
Sawmill and Moulding - { 1,630 - - - - - - - {50}
Veneer Sliclng Plant -] = &07 - - - - = - -
Stean Plant - 1,015 - - - - - - - {20)
Log Assembly Equipment | 131 - - - - = 131 - - =
Tranaport Equipment 100 25 - - 180 - 100 25 - -

Total s78| 9,057 | 407 | - leo | - |2 | 25| - [caoord

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

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

processing s :agey

e e g —— = =
2/ Sawvmill/Moulding ay
Plymill™ Siicing Plant Services™ Total

\ -J.gcncll----c.n-!l’---(uss. '000)...‘,-----_--,- nasalssascanes
Direct production labour 678 hEx] 195 1,208
‘Supervisoty & Administrative 144 160 588 893

labour

Auxiliary materials 1,417 200 83 1,700
Repair and maintenaace 154 48 31 222
Electricity ] 485 193 Negligible 678
Sales cost 52% | 439 202 < 641
Beaforestation cosr.i’ 1n 11 - 61
Total cost® 3,338 1,166 a7 5,400
(excluding logs}

1/

+" Details provided in Appendix 4§

2/

<’ Ineluding additional costs of existing plymilY

) Iocluding additional cost of log assembly under traditional supply system

&/

5/

=<' Totals may not add due to

rounding

—~ Attributed according to sales and Intake volumes



Table | - Phasing of Operating Cost Durimg Buildu

(1000 Us)
Year

- } 1 2 3 ey
Additional Log intake (000 m) % B 138 239 | 2s5
Additional Sales (§ Q0O) 777 2,22% 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 Admipistrative Labor 422.3 666.6 892.5 892.5 892.5
Auxiliary Materials )
= Plymill 125 309.6 8%96.5 1,416.2 1,416.2
- Sawmill -~ 15.3 103.3 190 200
- Services = 83.3 83.3 83.3 83.3
Repalr and Mainkenance _ ]
= Existing Plymill 6.2 6.2 6.2 6.2 6.2
- New Plymill - 137.6° 137.6 137.6 137.6
- Savmill Moulding = 36.7 36.7 36.7 36.7
- VYeneer Slicing - - 10.2 10.2 10.2
= Steam Plant - 24.3 25.3 24.3 24.3
~ Log Assembly equipment 3.3 .8 243 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 96.2 145.3 192.5
- Plymill - 121.1 363.6 485 485
Sales Costs 38.8 111 384.3 630.9 646.3
Total cost (excluding logs) 509.3 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
— It represents sunk costs in old mill that can be umed in new mill

without reducing output of old mill,

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



Table 8 -~ Phasing of Investment and Operacing.COSCB
fnr_chging System

) Year
) 8l 2 3 & 5 6 7 8 9 10 1k 12 13 14

Physical Flowe (1000 ma)

Traditional syatem 3.1/ ‘ ) .
wood supply (1000m”)= 4 30 75 75 75 75 75 75 75 15, 75 75 75 75 75

Mechanized logging : ] )
wood .supply = - 63 164 170 170 17¢ 170 170 170 170 110 170 170 170

Total 4 30 138 23; 245 245 245 245 245, 245 245 245 243 245 245

- oL =

Coste (SUS 1000)
Traditionsl systemd 60 450 1125 1125 1125 1125 1125 1125 1125 1125 1125 1125 1125 1125 {125

Mechanized ayatem

investmen&, ESOEI 65021 1000 - - 250 250 1000 - - 250 250 1000 = =
operation— 803 2091 217 2167 2167 2167 2167 2167 2167 2167 2167 2167 2167
Tfotal 710 1100 2928 3216 3292 3542 3542 4292 3292 3292 3542 3542 4292 3292 3292

1/ pssumed upper limit of 75,000m> additionsl wood per year.

2/ Pilot operation with no significant production. $400,000 of cost is non~recurring development costs; $250,000 are for equipment
with five year life

o $l5/m3(r) delivered

& $12.75fm3(r) of ‘operating coats in addition to lnvestment coste.
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35, With regard to the oost of raw material supplies it ie unlikely that, givea in-
creaged future demand in the region, the cost of logs at factory gate, supplied through
the traditional system, will remain at the present level, A long-term cost of logs
supplied by the traditional system of USS15/m3 at faotory mite is the estimate umed here.
This is almost twice the preaent cost.

364 The mechanized system of logging proposed in the project and its exasot cost will
depend on the result of the logging/inventory sarvey. For purposes of this analymim it
has heen agsumed that the system will require an estimated initial investment of

$2.3 million. Of the initial investment, $800 000 representa non-reourring development
costa. The remaining $1.5 millien has a five—year life. Table 8 summarisea log cost
agsumptions using a combination of traditional and mechamiszed logging.

Benefita

37. Combining data about project ocutput over time shown in Tahle 2 and unit prioe
aspumptiona as specified earlier, the total value of output can be derived, Estimates of
benefits from year O up through full development are shown in Table 9.

Ce COMPARING COSTS AND BENEFITS

Ecconomic Analysis

a8, For the purposes cf this evaluation, market values for all inputs and outpuis were
taken to reflect economic coests and benefits. Thus, no adjusiments were made to market
Pricese.

39, It was considered that wood emsentially had an opportunity cost of zero on the stump.
Even leg 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 lsbour
used in the mill, so the wages and salaries paid were taken to represent economio 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 abrence of further informaticn
on thie element (which is not large in sny case relative to other imput costs), it was
agoumed that the return to this labour also adequately reflected econcmic costs. With
regard to foreign exchange and capital, shadow prices for both should be established on a
macro level. Since none were provided to the analystis by the Government, the markei ex—
change rate and the nominal interest rate were used as meamres of economic value. The
flow of estimated :70nomic coats end benefits over the life of the project (15 years) is
shown in Table 10.1

40, Using these value estimates, the ecomomic rate of return ( ERR) of the project ism
27 percent. Its net present worth (RPH), uveing a 12 percent discount rate, is US$9 824 000.

41 It is of interest to the Government to know the impact of the project on ihe balance
of payments {i.e., the net foreign exchange effect). This effect is summarigzed in Tables
11 and 12.

42, Anmial net foreign sxchange sarninge at full project development, taking into
account the foreign exchange component of logging coste, would be sbout §6 million. A4s
indicated in Teble 12, the effect will vary from year to year, with a net outflow of
gsome US$ T«6 million during the first two years.

yi'he costs and benefits for the log export component were not ocalculated 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.



Table 9 - Phasing of Revenues

= 0 =

(5US 1,000)

Price Year
(FOB)3 - T
Product US 5/m 0 1 2 3 | and on
Plywood - Export (90%) 170 704 | 1,744 | 5,049 | 7,956 | 7,956 |
- Local (102) 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 7731 2,210 | 7,642 112,553 |12,776
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Table 0- Bconomie Analysia of Integrated Operation:

{us $1000)
Year

0 1 2 3 4 5 6 7 B 9 10 11 12 13 14
Costs
Processing - investmenbll 478 9157 407 - - B0 - - - - 231 25 - - -
Processing - operatigne— 512 1929 3850 5159 5313 5313 5313 5313 5313 5313 53131 5313 5313 5313 5313
Logpiong - aneatnent—/ 183 650 1000 - - 250 250 1000 - - 250 250 1000 - -
Lopging - operatione— 60 450 1928 3216 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292
Total 1833 12186 7185 8375 8605 8935 8855 9605 8605 8605 9086 3880 3605 B605 BGOS5
Benefits
Plywood 73 1915 5534 B736 B7?36 B716 8736 B736 B736 8736 B73I6 8736 8736 B3 BI36
Sawnwood /moulding - 295 2048 3697 3890 3890 3890 3890 3890 3890 3890 3890 3890 3890 3850
Veneer = e 60 120 150 150 150 150 150 150 150 150 150 150 150

5/
Salvage value— 400
= g s e

Total 713 2210 7642 12553 12776 12776 12776 12776 12776 12776 12716 12W76 12776 12776 13176
Net Benefits (Costs) (1060} (9976).. 457 4178 4171 3841 3921 3171 4171 4171 3690 3896 3171 4171 4571

1/

= Details in Table 5 end Appendices 1-3.

!
Z Details in Table { and Appendixz &.

3/ Detalls in Table B »

4/

—' Details in Table 8 &

Includes logging survey cost of $133,000 in year 1,

Includes cost of logs from traditional supplies,

3/ Assumed at 25 percent of civil works and structure values

s 3.



Table 11 - Balay:ce, of Payment Effects at Full Development

{Us $ 1080)
Estimate of foreign exchange components
Investmen t-y Total Forelgn Exchange,
existing plymill 247 247
rew plymill §,487 5,176
gawmill and moulding plamnt 1,630 1,366
veneexr slicing plant 407 507
steam plant 1,015 947
transport equipment 256 256
10,037 8,399
Dperating cost at full deve,lﬁ)mentgl
direct production labor 1,206 =
supervisory and admimistrative: :
labor 893 -
auxiliary materials 1,700 1,400
repalr and wmaintenance -.: 222 © 100
electricity 678 500
sales cost 641 300
reforestation cost 61 -
5,413 2,300
: 3/
Logging ipvestment™ 2,300, 2,070
Logging operatjgg cost at full
development— ' 3,292 1,975
Sales r'e_,t,:umSi/
plywood 8,736 7,956
lumber 2,540 1,040
mouldings 1,350 1,350
gliced veneer 150 150
' 12,776 10,496
Y see Table 4 ¥ See Table 8
2 L

See Table & .~ See Table 9



Table 12 = Phasing of Balance of Payments Effect

(Us § 1000)
Yearas

0 1 2 3 4 5 6 B 8 9 10 n 12 13 14

1/

Foreign Exchange Outflow—
Plant - investment 478 7506, 407 - - 80 - - - - 198 - - = =
Plant - operating cost 198 798 1600 2196 2300 2300 2300 2300 2300 2300 2300 2300 2300 2300 2300
Logping =~ coats 594 715 1903 2090 2139 2302 2302 2789 2139 2139 2302 2302 2789 213% 2139
Sub-total 1270 9019 3210 4286 4433 4682 4602 5089 4439 4539 4800 460% 5049 4439 6439

Foreign Exchange 1nflow . : , . )

Sales 104 1924 6382 10348 10495 10496 10496 10496 10496 10496 10496 10496 10496 10496 10496

New foreipn exchange

infiow (outflow) t566) (7095) 2472 6062 60517 5814 5894 5407 6057 6057 5596 5894 5407 6057 6057

L/ Petimates based on detniled analysis of materials, equipment and service requirements

- SL -
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Table 14 - "Rural Fund" Payment Due on Logs

Years
# . F LG B 3 |4 and on
Total logs purchased i _
Value of logs at & | | , | Sk 1 o
s e e 46 [300 | 1380  |2385 2450
C 27 = N e SN ) I | ] .
Rural fund due— 0.8 6.0 27:6 V &47.7 49.0

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

2/

~ 2% of value of logs at point of takeover
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Table 13 - Expenditures and Receipts Due to

Tax Legislation During Buildup Period

(Us $ 1000)
Year
0 i | 2 3 4 and on
Local Salesl/
Plywood 69 171 485 780 ] 780
Saunwood = 115 775 1,425 1,500
Export Salesl/
Plywood 704 1,744 5,049 7,956 7,956
Sawnwood - 80 536 984 1,040
Mouldings - 100 737 1,288 1,350
Yeneer . = = 60 120 150
Inaustrial Production and
Trade Taxes due g/
Plywood {local sales) 10.1 4.8 71.8 113.1 113.1
Sawnwoad (local sales) - 34 k) ) 42.7 45.0
Total Due 10.1 28.2 95.0 115.8 158.1
Indusirial Production and
Trade Tax credits.g/n
Plywood export 102.1 252.9 732.1 | 1,153.6 | 1,153.%
Sawnwood export = 2.4 16.1 29.5 31.2
Mouldings export - 10.0 737 128.8 135.0
Veneer export - - 8.7 17.4 2.7
Total received 102.1 265.3 830.6 1,329.3 1.341.5
T 92.0 237.1 e8| Agavses || agies-a

Y From Table Je

& Tax rates in percent of values

Sawnwood 3.0
Plywoed and veneer 14.5
Mouldings 10.0

pald on leccal sales/&:edited tec cozpany on export sales.

3/

Total received minus total due.
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Table 14 — "Rural Fund” Payment Due on Logs

Years
i) 1 2 3 ' 4 and on
Total logs purchased , _
Value of logs at lj :
S O CoETRar { 40 |30 | 1380  [2385 2450
Rural fund dueg’ - 0.8 | 6.0 2?;5‘. 57.7 59.0

1/

=" Agsumed value is $10/m3 at point of takeover

2/

2% of value of logs at point of takeover




Table 15 ~ Pinancial Analyais of Integrated Operation.

(Us § 1000)
Years
1] 1 2 B 1] 5 ] 7 8 9 10 11 12 13 ¥4 Sources/Comment:

1 Expenditures

7 7 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 s W

4 Wood supply - investment 783 65C 1000 - - 250 250 1000 - - 250 250 1000 - - T =

5 Wood supply ~ operations 60 450 1928 3216 3292 3292 3292 3292 3282 3292 3292 3292 3292 3292 3292 = "

6 Loan

7 interest due ~ grace period - 70 1010 1150 - = - = - - - - - = - Appendix 5.

8 prineipal and Interest repay - - - - 3034 3034 3034 3034 3034 — - - - - = " v

9 Rural fund payment 1 6 28 48 49 49 49 49 49 59 49 49 49 49 49 Table 14

10
Lol Total 1834 12262 8223 9573 11688 12018 11938 12688 11688 8654 9135 B929 9654 8654  B654
12
11 Receipts 1
14 Sales s
15 Domestic 69 286 1260 2205 2280 2280 2280 2280 2280 2280 2280 2280 2280 . 2280 2280 Tables 9, 12 o
L6 Export 704 1924 6382 10348 10496 10496 10496 10496 10496 10496 10456 10496 10496 10496 10446 - . 1
17 Salvage value = - = = = = = = = - = = = = 400 Text

18 Loan

19 Plant 50, 9150 400 - = = = = = £ = = = < - Appendix D

20 Loggin 1/ 250 250 1000 = = C) = > = = = ES < = ~ " o
21 Net IPTYTT benefitsg™ 92 237 736 1173 1183 1183 1183 1183 1183 1183 1183 1183 1183 1183 1183 Table 13

22 Total 1565 11847 9778 13726 13959 13959 13959 13959 13959 13959 13959 13959 <3959 13959 13959

243
24 Net Receipts (expenditures)
25 Before taxes {269} (415} 1555 4153 2271 1%41 2023 1271 2271 5305 4824 5030 4305 5305 5705 -
26
27 Corporate taxes =3 B = = - - - - - - - 1592 1660 1421 1751 1883 Text
28 Net Receits {expenditures)after = .
29 taxes (26%) (415) 1555 4153 2271 1941 2021 1271 2271 5305 3232 3370 2884 3554 3822 -

Y Benefits not exempt from corporate taxes.
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D. SENSITIVITY ANALYSIS

524 The sensitivity of the measures of project sconomic worth to changes in zgsumptions
concerning values of a number of key parameters is shown in Table 16.

53. It is evident that omly cme alternative (¥o. 4) in Table 16 brings the ERR down
below 12 percernt. Thia is the case when it is asmmed that all costs are 20 percent higher
than the criginal assumption. If all costs were 15 percent higher (No. 5 in Table 16), the
projeot would just break even at 12 percent. '

54, Sinoe prices used to value ocutputs in the analysis were oonsorvative estimates; the
sencsitivity of the ERR and NPW were also tested for output price Increases. In Case Ko. 2,
operating oosta were increased by 4 percent and revenues by 2 percent on a compound basis.

As shown, this results in a slight inorease im the ERR and NPW over results achleved in

the original analysis. S2imilarly, in Case No. 6 all coste and revemues with the excepiion

of salvage value, were inoreased by 10 percent over the walues of the original assumpiions.
The result is a slight inorease in both ERR and NPW. WNore optimistic changes (increases)

in revermes would raise the EHR above 28 percent and the NPW at 12 percent above US$11 million.

55 Thers is considerable uncertainty surrcunding the ooets for wood that will result

with the new mechanized logging system. Thus the sensitivity of the project's RPW and EER
were mnalysed for altermative, higher operating costs for the mechamised systsm. The resultm
are as follows?

Delivered wood

cost (excls investment) ERR ¥PW
(Usg/m3(r) ) {percent) (usg 1 000)
12475 (origs amsumption) 27 9 824
25.50 (100% inorease) 9 (1 463)
19.13 (50¢ increase) 19 4 155

564 As indicated, in the unlikely evert that operating ocosts for the mechanized system
were twice the expected cost used in the analysim, the EHR would drop to 9 percent and the
NPW would become negative at 12 percemt. With operating ocosts one and a half timass the
original estimate, the ERR would only drop to 19 percemt and the NPW would remain positive,

57 In sum; using 12 pervent as the relevant discount rate or ocutoff rate, the project
remaina viable under a variety of reasonable potential cost increase assuaptions.

58, In conneotion with the financiel sensitivity of the project, the financial cash
flow is the same as the economio cash flow, with the exoeption of the loan, fiscal in—
centives and taxr components. The difference hetween the ERR and FRR ia due entirely to
these components. If the loan were halved, the FER wonld be 51 perosnts If the loan
were removed, the FRR would drop to 35 percent. Thus, even if the loan were not seoured,
the projesct would appear to be visble for a private enterprise wlth an alternative rate
of returm below 35 percent.
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Table 16, Senaitivity of Measures of Project Economlc Worth to Changes in Asaumptioneéj

New NPW using 12

New ERR percent discount rate
Nos __ New Assumption > {percent) (§U5_1000)
operating costs for procesging phase
1 increase by 4 percent per year on a 14 674
compound baais
operating costs and sale revenues
increase by 4 and 2 percent per
2 year respectively on a compound 28 . 10,750
basis
all costs 10 percent higher than .
3 bandade i ¢ ERR '>122 3,622
4 all costa 20 percent higher than | ERR, <127 -2,580
in Tableyg
all coats 15 percent higher than | ERR 'a12% 521
5 in Table 10
6 all costs and revenues 10 per- ERE »27% 10,797
cent higher than in Table 10

Y Original ERE = 27 percent and NPW = $US 9,824,000, The original value flow data are shown in Table
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APPENDIX 1

Prestint Plywood Plant — Recommended New Equipment

Item

1 Waste hog

1 Green weneer pneumatic clipper

1 Torwegge type veneer composer complete with
Diehl type jointer and glue applioator

6 Seta Carboloy sising saws = 3 Hip 3 Cutoff

2 8 000 1b loft trucks

1 Dust extractor system — Cyclone

1 Plywood pre—press

1 Damp truck for hog fusl

2 Lay up hoists for spreaders

Total
Other Instmllations
Ttem
Lathe waste oonveyor to hog
Infeed and ocutfeed to hog
Hog oconveyor to fuel gtorage 'bin or boilers
Direct hook up to clippers
Rebuild tranefer infeed to clippers
Rebuild and extend green chain offbearing tables
Build hog fuel storage bin
Relocation of miging saws
Plywood pre-=press transfer rolls
Total
Grand Total

Cost US$

Cost US§

8888888

WM N =] =
3

g

3 000
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AFPERDIX 2

New Plymill and Venser Slicing Operations

Plymill — Plant Type, Capmcity and Investment Cost

1. The proposed plywood plant would have a productive capacity of 45 000 m of
finished plywood per annum on the basis of two ten hour shifts, operating 288 dasys per
anmn e

2 The plant is designed to msmufacture phenolic and urea resin bonded plywood from
four principal speoies.

3. Inoreasingly, other species oan be utilized with improved log =upply.

4. Recovery is based on 40% of cubic input to finished plywood. This ims low by

international standarde but has been taken as a conservative estimate in the light of
technical skills at present availsble.

5. The plywood would have & main building area of 11 — 12 000 m. The buildings
would be of stesl frame and other materials not subjeot to damage by insect or colimatic
conditions in the area, and have reinforced ooncrete floors. Foundations for the major
oquipment would be on piling.

6e Peeler log diameters would range from 45 om to 110 om.

Te Veneer will be peeled on high production lathes fully equipped with dual mpindles,
block charger and baock 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.

8. The green veneer would be dried In steam heated veneer dryers; mcisture meters
would be installed at the cutfeed end of the dryers to ensure marimum production and proper
acisture content for quality of bond in later process.

Do The weneer preparation department would consist of dry venser recovery clippsrs,
manually operated, veneer jointers and veneer taping machinea tc process the random width
veneers to full sheet sizee for the gluing operationsa.

10. Two glue spreaders for each line wonld be provided for ths lay up of veneer prior
t0 pre-pressing and hot pressing in 5 ft by & £t 20-opening hot presses, equipped with press
loader and unloader. @lne mixing facilities and sterage for adhesives and components would
be adjacent to the main btmilding at ground level, with the mixed glue being pumped fo the
spreaders. The finishing department would consist mainly of a panel sizing unit, putty
patohing facilities, wide helt speed manders, crating, steel astrapping, storage and
shipping socommodation. Refuse conveyors would be arranged for the disposal of waste
materiale and & dnst collection system would be ingtalled. Pecler cores wonld net be fired
in the boilers as presently but sawn to produce packaging crates or low grade lumber for
loocal sales. Storage areas for green veneer, dry veneer and finished plywood would be
provided. The movement of materials withim the plant would be by lift trucks and dellies.

1. Total installed power would be about 4 OGO HP,

12, The loading or shipping area would be in line with the storage area for finished
Prodncts.
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13, At this stage the equipment is limted only in such detail that the major equipment
items, oapital cost and mamfacturing oost estimates can be outlined.

14. Detailed squipment comparisons and design development work will be required to make
final decimsions on suok items as plant layout and equipment meleotion and have beem accoonnted
for in the inveetment cost estimate.

15 Investment costs of mew plymill are shown in Appendix 2, Table 1. Table 2 ghowe
equipment needs and capital cost estimates for the veneer slicing operation.
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APPENDIX 2

Table 1 = Investment (_Jost = New Plymill

Equipment

Debarker

Blooksaw

Pront end loader

Bark hog

Lathe chargers

8' venser lathes

Green veneer clippers

Greean veneer core see

Veneer waste hog

Venser driers

Veneer moisture meters

Veneer jointers

Veneer tapers

Torwegge veneer composer

(Hlue spreaders

Lay up scissor hoiets

Plywood pre—presses
20~opening hot presses

Hot press loader and unloaders
Glue mixera, tanks, scales etc.
Sizing and edging saws

Sub-total

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

Cyclone dust collection syutem

Air oompressors

Veneer carts

Waste conveyors, waste hog machines

Fork lifte

Strapping tools

Maintenance equipment

Sharpening and grinding equipment

Spare parts

Total

Buildings inoluding flgor, lignting,
eprinklers, 11 240 ®»° at 100 $/m

Legyard 5 000 m®
Hoiets, log-lifting equipment
Log sorting

Total investment excluding freight, imstallation, etc.)

Uss

90 000
25 000
135 000
17 000
195 000
435 000
54 000
30 000
15 000
525 000
33 000
90 000
36 000
45 000
60 000
18 000
45 000
375 000
330 000
30 000

105 000
2 688 000

150 000
35 000
45 000
9 000
200 000
100 000
1 000
25 000
20 000
75 000
3 347 000

1 124 000
1T 000

150 000
20 000

4 658 000
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APPENDIX 2

Table 2 ~ New Venser Slioing Operation

Major Equipment and Capital Cogt Estimate

Item

3
1

Overhead hoist and monorail
Notors, starters, wiring

B8 £t vertical type of venser elicer complete
with carriage and ocomtrols ]

Single line endless hed veneer drier

Veneer guillctine jointer

Diehl veneer taperse complete with motors
and controls

8 000 1b 1lift truck

Veneer dollies for tramnsport of veneer within

the plant

' Sunken steam or hot water vats

20 litre glue mixer and other migoellansous
supplies

Total Slicer Operation — Equipment

Cost Installed

$ U3

3 000
4 000

85 000
100 000
30 000

25 000
10 000

3 000
10 €00

5 000
275 000
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APPENDIX 3

Sawmill and Moulding Plant

A. INTHOIUCTION

Te The general concept in the design of the sawmill is to provide equipment and a
process flow which is to bs operated and maintained according to the required high produc-
tion capecity and to the given special conditiona of the rew material smd the technological
level of the avsilable manpower.

2, The raw material consists gf logs of different fropical apecies (up to 30 and more)
with a density range from 400 kg/m to 800 kg/m3- The dismeters vary from 40 cm to about
4.5 ® with an average of about 60 om.

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

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

B. SAWMILL AND MOULDING PLANT: OUTLINE OF PROIUCTION PROCESS
Se (i) Basic technical datat
Input 120 000 m3 logs/yr
Operating period 2 x 10 hre shirts/day
288 days/yr
Average log size = diameter : Q43 m
= length : 4.00 m
= volume : 0.57 m3
Recovery sawn lumber 1 55%
all products s 45%
Output produocts 30 000 m3 green lumber

13 000 m3 dried lumber

8 640 m3 net, moulding for panelling walls
and ceilings

2 160 m3 net other mouldings

Total prodmcts for sale 53 800 m3 = 45% net recovery

Waste 62 800 m> (600 kg/m> density sbmolutely dry)
32 680 tone absolutely dry '
A1l products : 53 800
Wante : 62 800 md
Shrinkage lost : 3400 m

Total 120 000 m3
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(ii) Primary log breskdown:

(iid)

(iv}

(v)

(vi)

(vii)

T™wo log bandsaws with carriages of heavy duty, mechanimed with hydrmalic
olips, log turner ("nigger"), log loader ("flipper”) and reception arms,

The log-bendsaws and carriages would remove the ouitside slabs snd cut
the centre of the logs into cants and pide pieces.

In osse of a breakdown at the secondary equipment (re—saws) the log-
bandsaws would do more cutting; they would also produce lumber for edging.

Secondary breakdown equipment:

Following the log bandsaws and carrisges, the secondary equipment would
conaist of 3 band re—saws 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 cromaout saw ghould trim the side pieces if it is necessary.

Cutting proceduress

The 3 re-saws should be interconneoted by transport facilities in a way
that the cants, not having been cut completely in the first passing, can
return to the second or to the first re~saw (merry-go=round). The transport
of canta, slabs and boards has te be mechanized with longitudinal and
transversal oonveyors.

Impregnation, trimming and grading of green lumber for asale:

At the end of the croms tranafer green chain, the green lumber for sale
should be classified, impregnated, trimmed and marked.

Drying:

In the pre—drier the lumber should be dried from green to a uniform
moisture content of ebout 30%. In this mamner the kiln=drying equipment
could be naed more effectively and overall coats would be reduced as
compared with a system of exclusive kiln drying.

Two kiln—driers should establish the final moisture content of the
dried produot at about 12%.

At the lumber yard packages sorted by species should be collected to
complete loadings for the pre—drier. All transport should be made with

fork=1ift trucka.

Houlding plants

The dried lumber should be moulded, trimmed, bundled end packed. The
dried lumber for gale should be trimmed and classgified in the same plant.



12 Sawmill

()

(2)

(3)

(4)

= 31 =

Major Equipment Items

Cutting squipment P
{a) 2 log bandsaws 400
20 m/min. each
65 ft/min. each
{b) 3 re-saws 300’
22 m/min. each
72 ft/min. each
(¢} 2 twin-edgers 100
34 m/min. each
110 f£t/min, each
(d} 1 undertable cross—cut
aaw 5
(e) 1 three—saw trimmer 10
Conveyor equipment
(a) 1 log—cutter 15
(b) 1 log-haul 10
(c) 3 log=kickers 6
(¢) 2 live log-decks 10
(e) 153 m. roller conveyor )
100

(£) 24 m. re-saw feeding c. )¥

(g) 54 m. green chain transfer 40

Other sawmill equipment

(a) saw—duat conveyor

(b) waster transfer
(¢) waste hog

(¢) compressor, etc.

)
)
) S

(e) =aw sharpening equipment)

Z_[ntez_'nal transport

2 front—fork lift trucks
3 {one capacity each

Invesiment Cost

US$ 480 000

UsS$ 115 000

UsS§ 25 000
US§ 62C 000
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Drying equipment
hiig
(1) 1 preseasoner '
9x2x 40 m = 375 @3 7
Board ocap.
(2) 2 drying kilns 150

7T X 45 x 0 3 ce0. = 300 m> each

Moulding equipment

(1) 3 six cutter planer and 135
moulder
15 m/min. each
50 f£t/min. each

(2) 1 four cutter planer and 16
moulder
11 m/min.
35 ft/min,

(3) 1 three-saw trimmer 1%

(4) bundling equipment

Total investment for equipment
and machinery 1 552 HP

Investment Cost
Us$ 60 000

Uss 200 000

Us$ 35 000

Uss 7 000

Us$ 5 000

UsS$§ 1 000

Usg 928 000

Electiricity consumption 3 1 552 HF = 1 130 kw = 1 614 XVA x 20 hr x 288 days
x 0.8 (utilization factor) = 7 436 BOO Kwh/year
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APPENDIX 4

Estimated Operating C‘osts ~ Procesaing Stage

Estimate of cost of auxiliary materials at full project development, including
' cost of glues in plywood production

(4) Plymill
(a) Glues
(b) Other auxiliary material (US$8.30/m3 produced)
Total
Rounded

(8) Sawmill/Moulding/Slicing Plant

(a) Knives, chemicals, etc.
US$ 2 mJ sawn wood
US$ 1 w3 mouldings

(b) Packaging material
3% of f.0.b. value of mouldings and sliced veneer

Potal
Rounded
(c) Services

— Mainly hooke, cables US§ 0.17/ m3

=~ Puel for boate {additional)

= Other
Total
Rounded

Estimate of Costa of (Glues in Plywood Produnction

Quantity Consumed

Ingrodient per m3 of Plywood Price
{kg) (EL))
A. Phenolic Glues
Phenol Resin 37.0 Oed
Hardener HP4 15.0 0+215
Flour 165 0206
Total

Rounded.

Uss Ps8a

98T 786460
1 421 119.90
1 420 000

132 000
10 800

45 000
187 800

150 000

40 833,30
22 000,00
16 666460

19 499.90
80 0co

Total Cost
per m

1448
34225
159
0,309

19.924

20
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Quantity Consumed

Ingredient per m3 of Plywood Prioce Potal Cost
(kg) (uss) “{per w5
Bes Urea Formol (lues
Urea Resin 27.0 0,235 6.345
Hardener FH=40D 1.0 0,315 0«315
Flour 16.0 0,206 3.296
Emulsion TF 3.0 2,10 Be3

Total additional cost of glues at full developmenty

40 000 m3 phemolio x 20 - 800 000
12 000 m3 urea formol X 16425 = 195 000

Us8995 000

Coat of the Reafforestation Programme

‘Year

Logs utiliged ('000 m3)

Anmual coet of reafforestation 1

(uss 1 000)

Installed power (hp)
Installed power (kw)
Installed power (kva)
Operating Hours p.a.
Utilisation faotor of

installed electrical
equipment

KWH consumed pe.a.

Cost per KWH
Blectricity cosi p.a.

1 = 3 4 2
4 20. 138 239 245
5 34.5 60 6143

Entimate of Eleotrioity Costs

Sasmill/

Moulding Plymill Potal
1 600 4 000 5 600
1 176 2 940 4 116
1 680 4 200 5 880

®oE W RN W N R 5 TED R R R R W

e 0.8 -
TeT 19.4 271
million million million
- $0.25 i

Us$ 192 500 Us$ 485 ooo Us$ 677 500



Per Month
vl
4  Mansging Director 1 666,60
4 Directors 133.30
14 Mamagers 833.30
1 Chief Acoountant 833.30
1 Company Dootor 833.30
2 Foresters 833.30
Total
Social Charges 60%
24 Superintendents, supervisors 300
2 BEngineers 388
1 Saw Doctor 3
1 Staff Nurse 166,60
12 Buyers 166,60
5 Lagoon Foremen 166460
19 Plymill Foremen 166.60
6 Sawmilling/Moulding Foremen 166.60
1 Slicer Plant Foreman 166.60
8 Maintenance Foremen 166,60
30 Secretarial Staff, Clerks; Drivers, etc. 166,60
Total
Social Charges B0%
Workers
182 Sewmilling/Moulding 66.60
26 Veneer Slicing 66,60
20 Lagoon 66.60
424 Plymill 66460
50 Boat Crews 66460
20 Power/Boiler 66460
12 Maintenance Sawmill 66460
20 Maintenance Plymill 66,60

- 35_

Entimate of Management and Labour Cost

Total
Social Charges 100%

Total Labour Cost

Expatriate Staff during Running-in Period {1 year)

i
o1
1

Pechnieal Director Plymill
Pechnical Direotor Sawmill
Production Manager Plymill

882

Per Anmum
IUSQ’
20 000
64 000

140 000
10 000
10 000
20 000

264 000

158 400

422 400

97 166.60

470 095.90

603 200

603 200

T 206 400

Usg 2 098 899

60 000
60 000

, %% 000
106 000
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Estimate of Repair snd Maintensmce Cost

(Supplementary)

Civil Works 1 t.-z/
and Builldin ipmen: Total
(0S¢ To00) %EES T00D) (Um)

Existing Plymill

(new investment) = 6.2 6.2
Kew Plymill 13.8 123.9 13T.7
Sewmill and Moulding Plant 2.6 3.2 36.8
VYeneer Slicing Plant - 10.2 10.2
Steam Plant 0.7 23.7 2444
Transport Equipment - 3e1 3.1
Wood Assembly Equipment —_ _ el -

Total 1741 204.6 22147

Y 1% of investment cost pea.

g/ 2.,5% of investment cost p.a.
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APPENDIX 5

Loan: Derivation of Interest and Principal Repayment

Conditione: 3=year grace pericd on principel repayment and
10% interest with full repayment by year 9.
New Loan Given End of Year Total Loan Beginning year payments
Year (beginning year) Outstanding Interest Prinoipal Total
(Us$ 1 000)
1 700 700 = = =
2 9 400 10 100 70 - 70
g 1 400 11 500 010 - 1 010
4 - 11 500 150 - 1 150
5 i 9 616 150 1 884 3 034
6 = T 544 962 2 072 3034
7 - 5 264 754 2 280 3034
8 - 2 157 526 2 507 303
9 a - 276 2 157 3034
Note: Repayment of principal (and interest) for the last five years could

alsc bave been obtained by using the capital recovery multiplier formls,.

i(1+i)"

(14i)* = 1

o where i = 104 and n = 5 years.

Looking this factor up

in gtandard tables and multiplying it (0.2638) times the principal ocut—
standing ($11 500 000) we arrive at the annual payment of $3 034.
also that interest 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 foresiry and forest industries projecis
that has been prepared by the Food and Agriculture Organization of the United Nations (FAQ)
in order to demeonstrate methods of identifying, preparing and appraising projscts in the
forest sectore The programme of case studies has been made possibls by a special
allocation to FAO for this purpose from the Swedish International Development Avthority
(3IDA)s This case study has been compiled by FAO with the assistance of the College of
Forestry alt the Univergiiy of I'innszsota.

The project reported on in this case study is a project of the Government of Kenya
which has heen supported by a loan from the World Banks The case study is based largely
or material contained in an appraisal of the project carried out by the World Bark (Rapert
lios 706-KE)e 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 1974.
This material has been released to FAQ by The World Bank and the Government of Kenya
exclusively for the purpose of teaching forestiry planning methods. It may not be quoted
or reproduced in part or in whole without permissions
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INTRODUCTION

1« This case gtudy is based upon a project which is part of Kenya's continuing industrial
sawlog and pulpwood production programm /e It is a "time slice" project covering planta-—
tion activities during the years, 97C=-1975. A continuation project, started in 1975, is
covered in a separate case study—,

2+ The project involves the establishment and maintenance of about 19 400 ha of sawlog
plantatione 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 anmiel output of 50 000 metric tone, almost all of which will be consumed domestice
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.

3. In addition to plantations, the project includes roads, tuildings, vehicles and
equipment for Kenya's continuing plantation programme. The project expenditure over the
siz=year period of plantation establishment totals approximately US§ 4.0 million.

4o 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 egtimates
of input requirements and output levels. Section C analysea 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 (ERR) to
changes in assumptions concerning input and output values.

5e The present cage study raises many of the issues commonly associated with appraising
industrial afforestation projects. These issues include & mumber of shadow pricing points,
relating to the value of labour, forest land and the project outputs. It alsoc 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)3d/. Finally, in
combination with the case study of the follownp project, it provides uwseful insights into
how information availability and thinking about a major plantation programme evolved over
time.

A.  BACKGROUND

6. 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 tropicel coastal plain, the country rises to the Kenya Highlands = a block
of alternating plateaux and mountein ranges at elevations of up to 4 000 metres. The
principal forest areas are located in these areas of high elevation and favourable rainfall..

Te Forestry and forest indusiries account currently for less than 2 percent of GDP.
Forestry employs between 8 000 and 9 000 permanent workers and forest industries a further

1 500, Kenya's indigenous forest resources cover some 17 275 kn over approximately

3 percent of the country's total land area. Over 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 milanjianug, Juniperus procera, Ocotea spps, Olea spp.) have been largely cut outs

1/ Policies and practices described in this cese atudy are not necessarily those actually
in force in Kenya, either at present or during the period covered by the projecte.

2/ See Case Study No. 5 "Kenya II Sawlog and Pulpwood Plantation Projeot".

3/ 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 StudyNo. 6 "Zambia Industrial Porestry Project".




8. Regeneration with indigenous species is difficult and growth rates for these Bpecies
are low. Conversely, regeneration with exotic, fast—growing pine, cypress and eucalypt
species has proved very suocessful. 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 anmmal 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 eucalypt had been planted. The planta~
tions have recently begun toBNiald substantial volumes of timber (164 000 m~ of roundwood

in 1967 compared to 42 000 m~ in 1958).

9. Headed Yy a Chief Conservator of Foreste, the Forest Department consists of 35 senier
staff (Graduate Forest Officers), 104 intemmediate 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.

10s The Govermment's 1965=70 Development Plan provided for a continuation of the present
planting programme at®& yearly rate of about 6 000 ha of sawlog and pulpwood plantations.

This would entail Government investment until about 1980; <thereaftern the softwood programme
should be self=supporting financially. The planting progremme is spread over more than A0
Forest Districts in 11 geographic Forest Divisions.

1t On the industrial utilization side the majority of sawmills require modernmization,
although some improvement for selected mills and associated logging operations has been
made in recent years. A factory to produce low=cost prefabricated wooden houses has begun
production at Nakuru. An expansion of this activity would foster sawnwood eales. Until
1968, Kenya imported all her plywood and veneer requirements from Uganda, Tanzania and
overseas. (See Net Trade Balance in Forest Products, Appendix 1). A new plywood mill at
Elburgon in Kenya, using coniferous plantation wood, commenced production in 1968, and
another mill at Elgeyo will atart opsration in early 1969.

12s All Kemya's pulp and paper consumption is presently based on imports. FPlang are now
under oconsideration for a pulp and paper mill 16 be situated on the Nzoia River at Webuye
(Broderick Falls) in the Western Province, 300 km west of Nairobi (see map, Appendixz 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,

13, 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 inm 1977 would require
temporary exports of limited quantities, but by 1982 domestic demand would again catch up
with the mill's output. The pulpwood requirements would be of the order of 400 000 m
ennually by 1982/83, and by that time the first deliveries from the proposed pulpwood
plantings could be expected. Until pulpwood plantings are ready for cutting, the mill would
obtain its pulpwood requirements from plantations originally established for sawnwood and
situated within distances of 100=150 km from the mill.

14s An exigting import duty of 15 percemt on industrial paper is waived for most imporis

at the preeent time. However, to encourage the new mill, the Govermment of Kenya has agreed
to impose a 40 percent ad valorem tariff on all paper products and pulp importse A financial
return of about 19 percent ie estimated for the proposed mill, based on estimated prices
taking the tariff into account,



B, DESCRIPTION OF THE PLANTATION PROJECT

15 The project consists of the establighment and maintenance of 19 425 ha of sawlog
Plantations and 9 350 ha of pulpwood plantations. The sawnwood plantations would be located
near the road and rail axis of Nairobi-Eldoret-Uganda, (=ee map, Appendix 2) and would
congstitute 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
plantations would be egtablished in the six years 1970-1975 and ocutput 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

16. 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 succegsful results 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-falled 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 yeara of the planting provgramme a
balance should be maintained between plantingg of the well-tried cypress and the more newly-
introduced pine. In addition, the plantings of two species will reduce the risk of exten—
sive damage caused to the plantations by possible spreading disease. It is estimated that
about 80 percent of sawnwood 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 beginning of the long rains
(March to June). Plantation maintenance would include weeding, pruning and thinning.

17, In all sawlog plantation operations, the "taungya™ or "shamba" gystem 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 monthe of each 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 months 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

18. 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.

19, In addition to the 3} 000 ha already planted about 7 000 plantable hectares of Govern—
ment ocwned land 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 Jovernment foresees no Problems in obtaining this area of
‘land by public acguisition and intends to have acgquired this land by 31 December 1971,



Table 1.

Plantirng — Harveating Schedule For Sawlo. .

Year of Thinnings -

—memermeee——mee Year Harvested ————co—wem —

Year Hectares :
Planted Planted 1984/85 1985/86 1986/87 1987/88 -19?!3/89 1989/90 1990/91 1991/92 1892/93 1993/94 1994795 1993/00 2000/01 2001/02 2002/03 2003/D4 2004/05
1969/70 3,238 3,238 = - L] = 3,238 H = = % ~ 3,238 - [ - — M
1970/71 3,238 = 3,238 - & - - 3,238 = " ~ = - 3,238 - = - -
1971/72 3,238 = - 3,238 = * - - 3,238 - o — L - 3,238 - - -
1972/73 3,238 - - = 3,238 = - - = 3,238 = & = E 3,238 - -
1973/ %4 3,238 - & - 3,238 = - & = 3,238 - - = ] - 3,238 -
1974775 3,238 £ - 4 = = 3,238 o - -y - 3,238 - - 2 - = 3,238
Total . ;
Hectares 19,425.0 3,238 3,238 3,238 3,238 3,238 A,475.0 3,238 3,238 3,238 3,238 3,238 3,238 3,238 3,238 3,238 3,238 3,238
Total Volum 226.5 226.5 226.5 226.5 226.5 453.0 226.5 226.5 226.5 226.5 226.5 1,359 1,359 1,359 1,359 1,359 1,359
{thousand m™}
Tible 2. Plaxei:,. - Hervesting dchedule Lor Plﬂ.pwdbdr
m—— -- 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 - H - 1,620

1972473 - - 1,090 530 = ¥ 1,620

1973/74 - - - - 950 670 - 1,620

1974/75 - = - - 790 830 1,620

Total d

Hectares 1,210 1,380 1,500 1,490 1,480 1,460 B30 9,350

(Age 14) 1,210 1,340 1,220 1,090 950 790 - 6,600
(Age 15) - 40 280 400 530 670 B30 2,750
Total Velum 313.1 359.3 409.9 410.2 4310.8 410.5 250.2 2,564.0

{thousand m™)



20. 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 radiata. P. radiata is higher yielding than P. patula, but
is susceptible to Dothistroma Blight {a fungue disease of the needless). More experimen-
tation is needed on the conirol of this disease before the Forest Department can contem-—
plate large P, radiata plantings. Plantings would be contiguous to facilitate aerial
gpraying. 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. radiata {see Table 2 for expected total pulpwood
yields). No thinnings are contemplated. )

PFuture Supply-Demand of Wood Raw Naterial

21, Projections of requiremsnts for sawnwood from project plantations are developed
in Appendix 3, The forecast of sawnwoed and plyvood 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 m}
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,

224 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 economic distance for their transport to Webuye, apart
from limited supplies of sawnwood residues and smallwood, it may be confidenily assumed
that project pulpwood would be used by the proposed mill.

23. 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 coamsequence, the return on investment in any
pulpwood plantings uwaed in this way would be lower than on regular sawnwood plantings.
(See mensitivity analysis, Section E). ‘

s PROJECT COSTS

24. Project economic cogts are assumed to equal the financial costs. Individual

cost itema 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.

25.' Tab;e 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 (Tabls 5 and Table 7 for sawlog and pulpwood plantations respectively)



equal total labour requirements. The latter are found in Table 6 (sawlogs) and Table 8
{pulpwood). In order to arrive at total labour costs, labour requirements are then
multiplied by the daily labour cost (Table 2) 1/. The schedule of all costs is found in
the relevant financial cash flow tables for the sawlog and pulpwood components ('I‘a.‘ble 10
or Table 12). The 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. TROJECT BENEFITS

Financial Revenue

27. Financial revenue equals the price the Covernment of Kenya expecia to receive

for a unit of stumpage multiplied by the volume thizmed/har\rested. For sawlogs the
Ministry of Natural Resources plans to raise stumpage prices by 1975 to Xsh 17.66, KSh21.19,
and KSh 26.49 per cubic metre measured under bark for the first and second commercial
thinnings and final harvest, respectively. These rates are used in the project revenue
calmulations. Sawlog thinninges occur during years 17 to 27, and final harvests occur
during years 32 to 37 (see Table 1). For pulpwood there would be no thinnings, and harvests
would occur during years 15 to 21 (see Table 2). Project revenue caloulations 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.

Econcmic Benefits

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 pulpweod economic benefits are the game
as the financial benefite.

29 For sawlogs the output is shadow priced at a higher value. It is assumed that
half of the sawlog output will he consumed domestically and substitute for imperts, and
half will be exported as sawnwood. Both halves of the output are shadow priced based
upon the saving's/ea.rninga generated, as explained below.

30. The sawnwood value of the 50% of the Kenyan sawlog output which is assumed to
substitute for imports is wvalued at the approximate world F.0.B. sawwood price of KSh
243.,71/m3 (8) 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 24'7.24/1113 sawn F.,0.,B., at point of expert from Kenya which after
netting out KSh 194.26 for logging, sawmilling, and freight to the export point leaves a
residual stumpage price (zawnwood measure) of Ksh 52.98/1:13. MAn 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 X&h 46.62

1/ In the case of nursery cost only, there is an additional non-labour 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.



-7 =

Tavls 3. IDtplazesion of Costs for Kerya T aralvsts

Lost ltem Sawlogs Pulpwood
Nursery Labar, plus i0Ksh per ha For];ertilizér Labar, plus 7.9 KSh per ha for fertilizer, tools,
tools, equipment, and stores.= equipment and stores, plus 9.4 KSh per ha for

polyethylene sleeves, plus 16.7 KSh for filling .
sleeves by piecewark. (Tatal cast per ha in addition
to labor equals 34.0 Ksh.}

Stump i nig A8, Cost equals KL 5.00, and js applied fo 36H2ha . in
year 0, U404.7 ha in year |, and 364.2 ha jn yr. 2.

Plowing & Harrowing n.a. Cost equals KL 6.2 per ha planted in the year of
planting.

Demarcation All labar n.a.

Clearing All labor n-a.

Pitting All labor n.a.

Staking Qut All labor All labor

Planting All labor All laber

Plantation Surveys All labor A1l labor

Beating Up All labar A1l labor

Weeding{s} ATl labor All labor

Pruning{s} All labor All labor

Fire Protection All labor All labor

Other Protection All lshor All labor

Dothistroma Control n.as Applies to 121.4 ha of P. radiata planted annoally

in years 2 ~ 6.2/ MNursery treatment just prier to
planting {age O) costs KSh 24.7/ha. Field treatment
just after planting (also age 0) costs Ksh 37.1/7ha.
Aerial Lreatments twice a year at Ksh 49.4/ha each
begins at age 1 and are continued annualty through age
6 (6 years of 2 treatments each year).

Veticle {& Tractor)

Purchase

vehicle (& Tractor)
Ruaning Cost

Agricul tural
Equipment

Toels, Steres,
(& Other Equipment)

Costs given in cash Flow table.

Costs given in cash flow table.

Cost equals ksh 2.4 per ha planted during the
planting period, and [.03 KSh annually per
ha established after the planting period.3/

Cost equals 37.1Ksh per ha planted during the

3.1 KSh annually par acre

Costs given in cash fiow table.

Costs given in cash flow table.

n.as

Cost equals 30.9Ksh per ha planted during the
planting period, and 2.}  KSh annually per ha

planting period,
established after the planting period up established after the planting period.
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: 2 forester
houses at KL 1000, eight forest ranger houses at

KL 400, 10 forest guard houses at KL 100, 200 village
houses at Kbt 100, and 2 water supplies at KL 500,
making a total of KL 27,200 (4.5 thousand KL per year.)

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, U water supply
installations at KL 500 each, and six offices
and stores at KL 500 each, making a tetal

of KL 42,375 (7.1 Theusand KL per year).

Building
Construction

An annual cost (beginning the year following
construction) 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
19,425) after the planting peried.

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 rebuift at the same cost after 10 years.

An annual cost (beginning the year follawing construe-
tion) which equals 10% of the cumulative coenstruction
cost during the planting period, and which equals 10%
of tetal construction cost times a factor of (number
of cumulative established ha divided by 9,350)
after the planting period.

Building
Maintenaice

One km of access road per 125 ha  planted is builx
during the year of planting at KL 155 per
{KL 1.24per ha planted).

Road Construction.
K

An annual cost {beginning the year following construc-
tion which equals 10% of the curulative consiruction
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.

An annual cost {beginning the year following
construction) which equals 0% 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 19.425)
after the planting pericd.

Road
Haintenance:

Costs given in cash flow table.

Cost equals 35,21 KSh/ha planted during plant-
ing perfod ¢ 2.93 annually/ ha estab-
listed a2fter the planting period.

StaFf Requirements Costs given in cash filow table.

Cost equals Ksh 37.Vha planted during the planting
period and 3.21 KS5h annually per ha established
after the planting period. g

Office Running Costs

Thinning, Marking Out All labor' map

1/ and b
2/ See Table 9.

3/ Established

Labor requirements outlined in Tabies § y And compiled in Tables B and 1D.

ha equal the total number of hd planted minus the tdtal number of ha harvesfed.



KENYA I PLANTATION PROJECT

Table 4 = Silvioultural Labour Input

Requires
Labour {md/ha )
Sawlogs Ptilpwood
Nursery - Planting 18.48 5.34
Nursery - Beating Up 2l 1.40
Demarcation ' 821 nir s
Clearing : 19.77 n.a.
Pitting S n.a.
Staking Qut 4,94 2.47
Planting 7.41 4.94
Plantation Surveys 3 2.47 2.47
Beating Up 1,11 0,74
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 - Tourth 9.88 n.a.
Fire Protection — Initial 4,435 2.47
Fire Protection - Final ‘2'47 1.24
Other Protection - Initial 1.24 1.24
Other Protection - Final Q.74 0.74
Pre-commercial Thimning 14,83 n.a.

Marking Out {Commercial Thinning) 2.47 n.a.




Pruning-First

Table 5. Hectares Asgfociated tith Plantasioh Activities — Sawlogs P
YEARS

ftem/Actiyity 0 1 2 ] 4 5 6 1 8 9 io I 12 13 14 i 16 17 18
Hectares Planted - - 3,238 3,238 3,238 3,238 3,238 3,238 - = = - - = = & & = -
Hectares Harvested = = = = = = - - - - - - - = - .
Cumulative 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-FPlanting - 3,238 3,238 3,238 3,238 3,238 3,238 - - = o = = . ¥ e = =
Nursery-Beating Up - - 3,238 3,238 3,238 3,238 3,238 13,230 = - = & = = . - -
Demarcation 3,238 3,238 3,238 3,238 3,238 3,238 - - - & & 5 E ¥ S
€learing 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 < 5 E - s e = y =
Staking Out - - 3,230 3,233 3,238 3,238 3,238 3,238 = = = & - - = B &
Planting 3 < 3,238 3,238 3,238 3,238 3,238 3,238 - % = . _ o = 5 :
Plantation Survey - 3,238 3,238 3,238 3,238 3,238 3,238 . - = B = = g 3 o d
Beating Up - - 3,238 3,238 3,238 3,238 3,239 3,238 - - = = . - b % -
Weeding ~ - - 3,238 3,238 3,238 3,238 3,238 3,238 - - . B ks = 2 - g
Pruning-First - - - - - - 3,238 3,238 3,238 3,238 3,238 3,238 - - - = = = L
Pruning=Second = - " - - - = S = 3,238 3,238 3,238 3,238 3,238 3,238 - e * =
Pruning-Third = = = = E E = " = - - 3,238 3,238 3 238 3,238 73,238 3,23 - 5
Pruning-Fourth * = = = = 3 3 = = - - - - 3,238 3,238 3,238 3,238 3,238
Fire Protec.-Initial - = 3,238 6,475 9,713 12,950 16,188 - - = - - & = = 5 e il
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 - - - - = = ks = = = -
Other Protec.-Flnal - - - - - - 19,425 19,425 19,425 19,425 19,425 19,425 19,&25 19,425 19,425 19,425 19,425 19,425
Pre-Commer®l Thinning - 5 = = < = - ) S = - 3,238 3,238 3,238 3,238 3,238 3,238 -
Marking Out({Commer'l Thinning) - = - - - - - - - E = - = = 3,238 3,238
Road Constructlon = 3,238 3,238 3,238 3,238 3, 238 3,238 - = = - 3,238 3,238 3,238 3,238 3,238 3,238 -
JtemfActivity 19 20 21 ‘22 23 24 25 26 27 28 29 30 31 32 33 3h 35 36 17
::2::::2 :a‘i!\.‘r;:fed - - . - - - - 3,238 3,236 3,238 3,238 3,238 3,238
Cumulative Established ha. 19,425 19,425 19,425 19,425 19,425 19,425 19, 425 139, 425 19} 425 19 425 19, 425 19, 425 19,425 16,188 12,950 9,713 6,475 3,238 =
......... .. a3 V8 = 4 &+ % %" % %" B+ a4 # * % + + 4 N .= m 2 m s & = P = = = 8 F = = = = P = 3§ m 3 = m o w m oy ow s e m o om s a2 om o o om s omow om oA e e om o= o
Nursery-Planting ] = - - = = o - = - - = 5
Nursery-Beating Up = ] = = = al = = & E = E - % =
Demarcation = = = 5 = = L = = B = = = | - = -
Clearing = = = e = = - = = E = - =; -
Pltting - = - - ] - - - - - - - - - - - - -
Staking OQut s i 5 - = = = = = - - - - - -
Planting = = 5 2 ] - = - - - - = -
Plantation Survey = . - = = F = = = - = - = - - -
Beating Up = = . = = - - - - - - -
Weeding - = - - o = = = = =

Pruning-Second
Pruning-Third
Pruning-Fourth

Flre Protec.-initial
Fire Protec.-Final
Other Protec.-Initial
Other Protec.-Final
Pre-Commer'! Thinning

Marking Out(Commer'l Thinning

Road Construction’

3, 238 -

19, 425 19, h25 9, hZS 19, h25 19, 425 19,425 19, 425 19,425 19,425 19, 42: 19, 425 19,
19, kZS 19, h25 19, h25 19, hZS 197 h25 19, 425 19, 425 9, 525 19, h25 9, 425 19, h25 19, 425 19, h25 16, 188 12 950 95 713 6, h75 3, 23b

i) "8, 233 3, 233 3 233 3 235 3, 333 3, 238 3, 233 3. 233 3, 233

Ea ¥V w e Fo

it 0 Kk

U I I T T

1'% W

L

| P T I T T

Voo

hzs 19, his 16, Iaa 12, 950 9, 713 6,475 3,238

—r

O RN



Table 6. Unskilled Labour Ruquirements — Sawlegs (thousand man days)

YEARS
Slivicultural Actlvity 0 i 2 &8l 4 5 6 ] 9 10 11 2 i3 14 15 16 i7 18
Nursery - 59.8 68.8 68.8 68.8 68.8 68.8 9.0 - - - « - - - = - - -
Pemarcation 10-&  10.4 10.4 0.4 10.4 10.4 - - i = - - = = = = - ~
Clearing 64.0 64.0 640 6L.0 b0 64.0 - = - - . - - - = - . -
Pitting - - 4.0 4.0 k.o .o 4.0 4.0 - = - - - - - 3 - = ks
Staking Out - T 16,0 16.0 16.0 16.0 16.0 16.0 - - - - & - = < -
Planting - o 245.0 24,0 24.0 24.0 24.0 24,0 - - - - - - - - - -
Plantation Survey - - 8.0 8.0 8,0 8.0 8.0 B.o = = = = - - = = - r
Beating Up - - - 3.6 3.6 3.6 1.6 3.6 3.6 - - - - - - - - - -
Weeding - - = 16.0 16.90 6.0 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
Fire Protection - = .4 28,8  43.2 57.6 72.0 48.0 A48.0 48.0 48.0 48.0 48.0 48.0 4B.0 48.0 4B.O 48.0 k8.0
‘Other Protection - - 4.0 8.0 12.0 ~16.0 20.0 4.4 4.4 4.4 14.% 144 144 hoh 144 14 k% 144 14, 4
Thinning,Marking Qut - - - - - - - - - - - - 48.0 48.0 48B.0 4B.0 48,0 56.0 8.0 .
Total Labor Reguire. 784 7327 213.6 251.6 270.0 Z88.%h 26L.L 1750 17h.0  T34.% P34.04 182.h 198.4 198.% 230.% 190.4 190.5 150.& 10Z.h
(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 H.708 4.708 4.708 4.708 o©
]
Silvicultural Activity 19 20 rd| 22 o 25 26 27 28 29 30 31, 32 Sl 3h 35 16 37
Nursery = - .; - - 2 - - = - N - _ - - = =
Demarcation 4 - z = 7 & = . s = — H J =
Clearing . - - - - = - = % - B = - 7
Pitting - - - " - - - - - - - - - - - - . - :
Staking Out = - = - a - » i = = - - = = = " - =
Planting - = 5 = S = . - - 5 = - - - - -
Plantation Survey = 5 = - - i - - = - < ten: -
Beating Up = = - - = 2 ; = = = g = 5 L
Weeding = = &= - = & . = = = 3 = & = = = i g =
Pruning 32.0 = = = = = = = = = . = = - = = - = .
Fire Protection 4.0 48,0 L48.0 4HB8.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 48.0 4B8.0 L40.0 32.0 24.0 16.0 8.0 -
Other Protection L T 'R S O TR /O "N /O " £ O R O W b 1h.h 144 1hh 4.4 4.4 12.0 9.6 7.2 4.8 2.4 -
Thinning,Marking it 8.0 8.0 8.0 16.0 8.0 g.0 8.0 8.0 8.0 - - - - ~ - - - - =
Total Labor Require. 102.%  70.4 0.4 784 70.4 705  70.%4 70.h 70.5 62.h 62,4 " 6Z.% 6z.4 52.0 §r.6 31.2 20.8 10.% -
{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 L.708 4.708 4.708 4_.708 4.708 L4.708 4,708



Table {. Hectares Asscciated with Plantation Activities — Pulpwood

Ll =

YEAR
I tem/Activity ] 1 2 3 & 5 6 7 8 9 10 11 12 13 14 15 13 17 18 13 20 2)
Hectares Planted - 1,250 },620-1,620 1,620 1,620 1 620 - K - - = o ] .
Hectares Harvested = - = = = = = & b 210 ! 380 | 500 1, hso ly, uao l.kéo 830
Cumylative Established . - 1,250 2,870 4,490 6,110 7,730 9, 350 9, 350 2,350 9, 350 9. 350 95 350 95 350 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 - - - - - = w - = - : = = =
Nursery-Beating Up = 1,25 1,620 1,620 1,620 1,620 1,620 = = = = - = “ - = = ™
Staking Out - 1,250 1,620 1,620 1,620 1,620 1,620 - - = - < - " : - = . ;s
Planting - 1,250 },620 1,620 1,620 1,620 1,620 - - - - - - = 3 - - - = -
Pilantation 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 =~ - - - - = = = = £ k.
Weedings - 1,250 2,870 3,240 3,240 3,240 3,240 1, ezu - - - & - = - - =
Pruning i e - = - 1,250 1, 620 1 620 1 620 1 620 b 620 - - - J = = = - e = -
Fire Protection-initia - 1,250 2,870 4,490 6,110 7,730 - . = & - -
Fire Protection-Firal 5 = " = . = i3l 350 9, 350 9, 350 9, 350 g, 350 9,350 9 350 9, 350 9, 350 8, Ilto 6,760 5,250 3,770 2,2%0 830 +
Other Protection=initi - 1,250 2,870 4,490 6,110 7,730 = = L -
Other Protection-Final % = £ = 5 = 119k 350 3, 350 9, 350 9, 350 3,350 3, 350 EH 350 9,350 9, 350 8, Iho 6, 760 5,260 3,770 2,290 B30
Stumping 364 405 6y - - = & X - =
Plowing and Harrowing - 1,250 1,620 1,620 1,620 1,620 1,620 - - - - - - ‘ A # A = = . E -
Dothlstroma Control-Nu sery - - 121 121 121 121 121 = = =~ - - S - - = = - < =
Dothistroma Control-Fi id “ - 121 121 121 121 121 - =< - < - - - - - = - . =
Dothistroma Control-A¢ ial - - - 120 243 364 486 607 607 486 364 243 12) - = . - = = L = i
Road Construction = 1,256 1,620 1,620 !,620 1,620 1,620 - - - - - - - - - = = £ = &
Table 8. Unskilled Labour Reyuirements — Pulpwood
(thoussnd man days)
YEAR
Silvicultural Activit 0 1 2 L 4 5 6 7 8 3 19 11 12 13 14 15 L J§& 17 18 19 20 21
Nursery L. 16.9 17.4 17.4 17.% 17,4 2.3 - = = - = - = " < _ i . - 1
Staking Out = 37 Lo ho ho 4o ho - 3 ik - L - - > . "
Planting - 6.2 80 80 80 80 80 - ; - # - B - x 2 - . E
Plantation Survey = 3.1 4o 4o k4O 40 4o - - -, - = % - = o =
Beating Up - 049 w2 - bw2 N2 2 2 - = - = = = . " &
Weedings o 6.2 l4s2 16,0 16.0 16.0 16.0 8.0 - - - - - - E 2 - - = &
Pruning 5 - = = 12.4 16.0 16.0 16.0 16.0 16.0 - = - - - - - - : r =
Fire Protection - 3.1 7.1 11.1 1501 19.1 11.6 11,6 11.6 11.6 11.6 11.6 1.6 ii.6 11.6 10.t 8.3 6.5 46 2.8 1,0 =
Other Protection = g6, 3ub 5461 Jeb 96 (609 0689 - 6:9- 638 -B.9 . 649 69 .6n9. 689 6.0 500 0359 2a8 =] 06,
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 1i8.5 i85 . 16.1 13.3 10.& 7.4 &% | 6 =
(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
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XENYA I PLANTATION PROJECT

Table 9, Daily Unskilled Labour Cost Schedule

Year Wage Rate Seven Percent Daily
Supervision Cost Labour Cost
(Ksh) (Xsn) (Ksh)
1967/68-69/70 2,20 0.1540 2.3540
1970/71 2.79 0.1925 249425
1971/72 3,30 0.2310 3.5310
1972/73 3.85 0.2695 441195

1973/74 and on 4440 0.3080 4.7080




= 13 =

per m3 of sawlog stumpage for the first and second commercial thinnings, and KSh 58.28 for
the final harvest.

Indirect 8 snefits

3. Indirect benefits were not quantified in either the economic or the financial
analyses. Indirect benefits would inolude the promotion of secondary industries such

a8 logging and sawmills, plywood factories and furniture factories. These would generate
additional employment and income. The project itself would employ some 1 500 residemnt
workers. Other indirect benefits would be the maintenance of permanent protective vegeta-
tive cover on watershed areas where most of the permarent rivers in Kenya originate.

Es COMPARING COSTS AND BENEFITS

32. The total cost and total benefit/revenue streams are shown in the accompanying
cash flow tables. Table 10 is the sawlog financial cash flow, Table 11 is the zawlog
economic cash flow, and Table 12 is the pulpwood financial/economic cash flow. 1/ The
financial and economic rates of return (FER and ERR) are as follows:

sawlog financial analysis 7.8 FRR;
sawlog economic analysis 12.3% (ERR
pulpwood financial/economic analysis 11.0% (FRR and FER)

Sengitivity .Lnai_[_xsis

33. The seneitivity 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-project, i.e. the import substitution and the export components.
For the import substitution component the rate of return was 14.5% and for the export
component it was T.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 ocomponent equal to 1 percent per year, combined with a shadow wage
aasumed 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) Pulpwod sub-project. In this oase, 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 tke effect of shadowpricing unskilled and silvicultural
labour at 75% of the original value. This raised the rate of return from 11% to 11.5%.

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
ita removal. ‘
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Table 13

Economic Rates of Return for Alternative Assumptions
Used in the Sensitivity Analysis

(ERR. in percent)

Sawlog Pulpwood

1. Half Sawlog Qutput Substitutes for Importis 14.8 Nade
2, Half Sawlog Output is Exported T8 NeBe

3. Half Sawlog Output is Exported with 1% Annual
World Sawnwood Price Increase and 75% Shadow

Wage Rate for Unskilled Labour 13.5 Neze
4+ 1% Annual Pulpwood Stumpage Price Increase Nate 12,5
5. 2% Annual Pulpwood Stumpage Price Increase NoeZe 14.0
6. 75% Shadow Wage Rate for Unskilled Labour n.as 11.5

7. 25% Benefit Reduction LPER 8.5



Fuelwood and Charcoal
Sawlogs
Poles and Posts
Sawn Timber

of which: Softwood

Hardwood

Boxes, Cratee, etc,
Builders' Woodwork
Wood Carvings
Plywood
Matches
Other

Sub-total Wood:
Paper, Paperboard and
Manufactures thereof
Fibre Board

Sub-total Pulp:

Wattle Bark
Other

Sub=total:

NET ‘TRADE BALANGE:

APPENDIX 1

KENYA I

FOREST PLANTATIONS PROJECT

NET TRADE BALANCE IN FOREST PRODUCTS 1963-1967

1963 1964 1965 1966 1967
——————————— KE '000- = = = = = e e = = =
+ 77.9 + 91.8 + 153.5 + 134.7 + 147.6
- 0.7 - 3.5 + 2.6 + 20,7 + T.0
+ 29.8 + 23.8 + 57.9 + 81.9 + 78.5
+125.9 +218.0 + 326.8 + 197.7 + 173.3
2+153.83 2+204.8; E+ 273.4; §+ 193.7} 2+ 246.8;
- 27.9 + 13.2 + 53.4 + 400 = 7305
-110,4 =158.9 - 143.2 - 152.5 - 98,5
+ 85.8 + 69,7 + 107.0 + 59.1 + 105,.8
-— +168.9 + 28003 + 341.? + 294.5
-115.7 -158.9 ~ ¥7.7 - 205.2 - 180.6
+ 3-4 =3 18.1 + 60.8 + 57.2 + 34-8
- 2.5 + 2.3 + 29.9 - 23,0 - 181
.+ 93.4 +235,1 + 727.9 + 512.3 + 483.7
-2 292.6 =2 163.3 -2 604.,0 -2 B43.6 =3 046.5
- 41.7 - 87.9 - 118.2 = TI.E - 104,1
+ 15702 + 19?.6 + 118.3 + 14208 + 66.9
+ 50,0 + 22,1 + 34.5 + 26.7 + 38.5
+ 207.2 + 219.7 _+ 152.8 s 169.5 :+ 105.4

"2 033-? "1 796.4 "'1 841.5 . —2 w-4 —27 561-i
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AFPENDIX 2

KENYA — SAWLOG AND PULPWOOD PLANTATION PROJECT
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APPENDIX)}

KENYA I
FOREST PLANTATIONS PROJECT

MARKETING

A. Saw=wood

1. Output from the Saw~wood Cirele would be largely of sawlogs, with smaller
quantities of peeler logs being supplied to the recently established plywood industry.

25 Domestic demand projections are based on a 1962 FAQ 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 demand 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 3% per annum. The table below shows
the projections of demand on these bases, and following this details of the estimates are
discussed.

Projected Domagtic Saw-wood Requirements

1960 1967 1980 2000

Sawn Wood (1 000 m3) 95 131 246 575
Public Sector 22 27 42 80
Commerce and Industry 21 29 57 147
Rural Households 32 47 99 249
Urban Households 20 48 48 99

Plywood (1 000 m°) 675 835 1 860 5 575

Total Saw—xgood Requirements
(000 m” roundwood equivalent) 243 337 566 1 217

Publie Sector

3. 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 growing at 3%.

G_o:mne;‘:ce and Industry

4. 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 wWill increase, the
annual growth in commercial and indusirial 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 woed of 147 thousand m3 by the year 2000.



- 24 _

Rural Households

5 The use of sawn wood in private resmidential buildings in rural areas currently
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 gawn wood in rural households and associated buildings
consequently is expecied to reach 249 thousand m3 by year 2000, or about 43% of total
domestic consumption.

Urban Households

6. This category comprises private residential buildings in all towns, mettlements,
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 country. With
the rates adopted, the use of sawn wood for urban households will reack about 99 thousand
m3 in year 2000.

Plywood and Wood-based Board Products

T Import statistics show an apparent consumption of plywood of 835 thousand m2 in
1967, or approximately 0.1 m2 per capita per annum. Part of this is re-exported in the
form of tea chests. The rate of inecrease in domestic use is difficult to assess since
the uses of plywood overlap with those of other non-wood products and the extent to whieh
subgtitution 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 Sokoro) started

operations in 1968/69 with a total amnual owtput capacity of 1.1 million m2. It is assumed
that low production costs will permit themse factories to compete with imports.

Total Domestic Roundwood Requirements

9. Agsuming 2.0, instead of the present 2.5, as the conversgion factor of sawn wood
te 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 (including the production from current
planting programmes) with prospective requirements indicates a maximum defieit of about

850 thousand ml roundwood equivalent in Tanzania and Uganda in 2000. These countries' plans.
to achieve self-gufficiency have so far been hampered by lack of funds. 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 imported from Kenya. Import requirements in the Middle East
are expected 10 reach about 3.3 million m3 roundwood equivalent of coniferous softwood by
the year 2000. It is assumed that Kenya could supply 20% of these requirements. Finally,
there is a market in Burope for small quantities of top grade softwood from Kenya, but '
it ie assumed that only about 10% of Kenya's production would meet quality standards for
such exports, ss at present. In total, this medium forecast assumes total exports equis
valent to 1.2 million m3 of roundwood annually in the early 2000's.
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Projected Supply/Demand Situation

11. Adopting the preceding forecasts of domestic and 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 comprised
between 2% and 4.9 per amnum., In forecasting exports, it was assumed, first, that
Tanzania and Uganda would increasse 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.

12. 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 plantings,
about 340 thousand m3 from thinning of later plantings, 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 mediwun forecast requirement of 2.4 million m3 annually.

13, 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 plantinge reach maturity, that
ies after 14=15 years, the Webuye pulp and paper mill would be mamufacturing

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 ag shown
in the following exploitation scheduls,

{ Projected Annual Exploitation Schedule for Pulpwood
Plantings Made Prior
to the Project Project Plantings
Total
Ares Volume 3 Area Vo lume 3 Volume 3
(ha) {000 m °} (ha) (000 m °) (000 m )
1981/82 630 165.9 = —_ 165.9
1982/83 1700 443.1 — — 43,1
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 s = 830 250.2 25042
Total Area

Felled: 2 950 9 350
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Preface
e —

This is one of a series of case studies of forestry and foresi industiries projects
that has been prepared by the Food and Agriculture COrganization of the United Nations (FAO)
in order to demonstrate methods of identifying, preparing and appraising projects in the
forest sectors The programme of case studies has been made possible by a special
g8llocation toc FAQ for this purpose from the Swedish International Development Authority
(SIDA)e This case study has been compiled Dy FAO with the assistance of the College of
Porestry at the University of Minnesota.

The project reported on in this case study is a project of the Govermment of Kenye
which has been supported by a loan from the World Banke The case study is based largely
on material contained in an appraisal of the project carried out by the World Bank
(Report Nos. PA-14a)e Additional information was gathered through a visit to the project.
The case study describes the project as it was perceived at the time of appreisal in late
1968s 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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INTRCDUCTICH

1e Kenya's foresis are of fundamental importance io 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 goil erosions
Forests help protect the country's plant and amlmal life and offer an important source of
tourist revenues. Over the past decades, foreasts have contimally bsen exploited for sawn
timber, charcoal and other forest products. Also, parts of the natural forests have been
given over tc oontrolled or spontaneous settlement as a result of intense population
pressure in many agricultural arcas. As & result the main economically accessible reserves
of commercially valuable species have been considerably diminished.

2. The Xenyan Govermment hes over the past thirty years been replacing some of the
country's foreste with fast-growing exotic softweood plantations. An extensive forest
development programme has been designed to meet an increasing domeatic demand for forest
products and to take advantage of expanding export opportunities, particularly to the
Hddle East and Turopes

3 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 13980, To
date approximately 104 000 ha of sawlog plantations and 16 500 ha of pulpwood plantations
have been established under the programmes. In 1970 a preject aimed at planting about

19 000 ha of sawlog plartations and I 000 ha of pulpwoed plantations over six years (1970~
1975) was launched with the support of the World Bank (the first phase project; see Case
Study Noe 4)s This projesct was completed one year ahead of schedule in 1374.

Fi The project on which this case study is based (the mecond phase project) will, over
six years (1975-1980) contime and expand the first phase project to include the total
induetrial plantation programme of the Kanyan Forest Department to provide raw material for
sawmills and a pulp and paper plant. j/ The project will complete the GQovernment's target
plantation programme to 1380s It will alse support further developmert of plantations
already cstablighed.

Se When fully established, the plantaitions would be the primery source of raw matsrial
for pulp ard paper mamufacturing and for the country's saumills. Of about 46 000 ha
planted during the period of implementation of the project, 38 000 ha would be used fon
sawlogs and thz rest for pulpwood.

Be The estimated cost of the project ineluding contingencies for the six~year plantation
period is K Sh 396.5 million (US$ 55.5 million with & foreign exchange component of about
US$ 12.7 million).

Te This Case Study is divided into flve sections. Section A provides background for
the projects Section B gives techrnical details of the project including estimates of
input requirements and output levelss Ssaction € analyses project costs and Section D
digousses project benefits, Section E provides a comparison of costs and benefits and
analyses the sensitivity of expected project performance to chang=s in input and output
assumptions. '

8, The Case Study is a self—contained example of a "time slice" project appraisal,
including separate analyses of independent project components. In combination with Case
Study Nos 4, it provides useful insights into the evolution of & 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 studys



A. BACKGRGIND 1/

9« Forestry contribubted about 2 percent of GNP- and forest producis represented less than
5 percent of total exports in 1973« Kenya remains & net importer of forest products,
mainly paper and paperboard products.

10. There are about 180 licensed sawmills in Kenya, and many more unligensed ones. Most
are small operations (only five have an anmal capacity of over 3 000 m”?(s))s They are
designed primarily to provide sawn timber for the growing rural marketf, are handicapped by
inefficient operations, and produce & low quallty product.s Total ouwtput has averaged
about 100 000 m3(s) anmally over the last three years, about 10 percent of which was
exportede To meet projected demand, by 1980 sawnwood production capacity would have to
be increased to 210 000 m3(s)s This could be realized without major increase in new
capacity if significant improvemenits in the efficiency of existing mills were achieveds

11s Over the past few years the Kenyan government has made increased efforts to assist
mills in identifying bottlenecks and Improving their efficiency, but only a limited impact
hag been made thus fare The government in some cases also has designed its industrial
plantations in blocks of at least 4 000 ha %o encourage the construction of larger, more
efficient mills turning out a higher quality product, but this also has failed %o produce
additional capacitye The project will thus provide further technical assistance to
increage the efficiency of sawmilling.

124 There are a mumber of mills producing plywoods Two mills, one at BElburgon and one
at Elgeyo, together produced about 1 million mZ of plywood in 1972 A third mill with a
capacity of 1.5 million m?2 has been constructed at Eldoret, and mills are planned in the
Vount Kenya area and the Masai Man foreste.

13¢ In addition there is the newly consiructed pulp and paper mill at Webuye which will
eventually be one of the country's largest industrial enterprisese The mill has a
capacity of 54 000 air dried metric tons per anmum, ard its expansion o 75 000 tcons by
the m1d-1980s is being considersd. The mill will require about 300 000 m3 of pulpwcod a
year at full operation ai present capacity, equivalent to the output of about 24 000 ha of
plantationsy +this would need to be increased to some 35 000 ha of plantations to meet
expected increases in the mill's capacitye

14e The first phase industrial plantations project was located within four main
administrative divisions wezt 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
satisfactorilys In the early years difficulties were experienced in lard acquisition,
necessitating the relocation of some plantation development and in the esitablishment of
pulpwood plantations in the Turbo area due mainly %o soil deficienciese The planting
failures at Turbo had been largely overcome by 1973-1974.

15« The Kenya Government's programme for forestry development has been designed with due
regard to envirommental considerationse The current system of plantation development and
the possible impact of fast-growing plantations on the hydrological balance in forest areas
has been gtudied over a periocd of fifteen years, amd 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 (fast-growing plantations)e Also, when the
Kenya Government's long—term 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 programmes Approximately
40 000 ha of this area has already heen set aside by the government as Nature Heserves or
Natiomal Parkse

1/' For additional information on the forest sector of Kenya, see Case Study No.4:
) Kenya T Sawlog and Pulpwood Plantation Projecte




Be DBSCRIPTI(N COF THE SECND FRESTRY PLANTATIQN PROTECT

16« The proposed projsot (analysed here) would be implemented during the eix~year period
1975=1980s  The project includes:

(a) 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);

(b) further development of 120 000 ha of existing sawlog and pulpwood plantations;
(e) construction, up-grading and maintenance of forest roads;

(d) construction of staff housing and administration buildings;

{e) studies, technical assistance, and training.

1Te The plantation activities include sstablishment of mrseries, land clearing and
preparation, planting and weeding. About 16 million seedlings will be required per year.
Thege will be raised in some 90 existing rurseries in addition to 16 new mrseries to be
established by the project,

18+ All of the sawlog planting and about 30 percent of the pulpwcod planting will take
place in already—exploited indigenous forest areas to be cleared using the traditional
"shamba systeme j/ The planting spacing will bDe 2.5 m x 2,5 m for sawlog crops and

27 x 2.0 m for pulpwood cropse The main pulpwood species to De used are pines (Pinus
patula and Pimus elliotti) and eucalypts (Eucalyptus saligna) and the primary sawlog
species is cypress (Cupressus lusitanica). Planting will be done manually. Pasgi
experience indicates that a failure rate of about 10 percent ¢an de expected and replarming
will be carried oul either in the same or the next planting year.

19 Sawlogzs will be grown on a 2Z5=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 & 15-year rotatlon with a final harvest yield of 225 m3/ha-

20e 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 alse to about 120 000 ha of plantations alrsady established.

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 years

22« To meet the requirements of administration ami housing, the project will include all
direct and indirect administrative overhead expenzes in supporit of the induastrial plantation
programme and related activities such as foresiry protections The project's staffing will
comprise 36 forestry officers, 106 technical level foresters, 165 forest rangers, 164
clerks, 184 drivers and 660 forest guards. ’

23s To carry out the project, it iz necessary to construct one new division headquarters,
4 new stations and 12 new sub—stationse 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.

C

i/ See Case Study No. 4, page 3, for a description of the shamba system.




24, The project requires investment in equipment for several different project activities
including afforestation, road btuilding, administration, buildings and housing. Equipment
includes bulldozers, loaders, graders, rollers, lorries, tractors; saloon cars, water
pumps, and various other equipment.

25. In connection with studies and technical amsistance, the project will provide for a
total of 5 man~years of staff time. Staff 1o be recruited will inelude a land use planning
economist, a foresiry specialimt, an agronomlist, a hydrologist and an ecologiste Funds
will also be provided for training skills to interpret data from the Farth 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 countrytls
gawmills, 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 centres

264 Each year 40 ha of irial planiations will be establiched under the project; and they
will provide a basisz for an evaluation of forest potential in the Arabuko-Jukoke and the

Bone~Lungi semi-arid areas of the Coast Province which appear 1o have potential for
congiderable forestry planitation development.

G« PROJECT COSTS

Financial Costs

27. The total project financial cost for the six year plantation period is estimated to be
Ksh 3965 million (US$ 55.5 million)s The foreign exchange component is estimated to be
about US§ 12¢9 millione . 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 & 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 3, 10
and 11s 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 Lenefits. However, the financial cosis of studies, tezchnical
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 pyrely mmalitative manner,

Economic Costs

28+ Economic costs are .also derived on a per hectare basis for the three plantation
components. Individual silvicultural cost items are listed in Table 8 in Appendix 1s
Silvicultural labour has been shadow priced at 75 percent of the financiail wage of

Ksh 12468 per man day, i.e. at Ksh 9.51 per man day. The silvicultural costs are entered
directly into the economic cash flow tables 12, 13 and 14 1/ for the three project
componentsa

29e Nor-eilviculiural fiyancial costs also have been estimated in Appendix 1 and are
listed in text Table 4a 2 Non-gilvicultural economic cosis are derived by shadow pricing

1/ The financial cash and economic value flow tables {tables 9-14} appear on pages 15=20.

2

Non-silvicultural costs are defined to be those costs which are net directly
apportioned on a per hectare basis, such as buildings, vehicles, etcs Norn-

silvicultural financial costs are determined for the entire plantation programme of
160 000 ha.



the foreign exchange components of these costs at 130 percent of the official foreign
exchange ratee

30, These nor—silvicultural costs need to be apportioned to each of the three project
components on a per hectare basis for inclusion ir the per hectare value flow tables. The
approach used is as follows:

(2) 1In Table 4 each nonsilvicultural cost is expressed as an average (unweighted)
amount, with the foreign exchange component shadow priced as indicated above.

(b) In Table 6 each unweighted cost from Table 4 is adjusted for each project
component to reflect the proportion of the total anmial unskilled silvicultural
labour used in that project components  Unskilled silviculfural lahour was used
as a basiz for weighting non-silvicultural costz 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.

{c) Finally, each weighted total from Table 6 is split up into yearly amounts by
multiplying it by the percentage of unskilled silviouliural labour used per year
in that projesct component. These yearly percentages are found in the bottom
half of Table 5. The yearly weighted nomsilviocultural costs are then entered
into the economic cash flow table (Tables 12, 13 and 14).

De PROJTCT BENTFITS

Pinancial Revernue

31+ The financial reveme is calculated on the basis of the unit prices the Government of
Kenya expects to obtain for stumpage mulitiplied by the volumes thinned and harvested.
Physical yields per hectare are summarized in Table 7,

32. PFinarcial stumpage prices expected for sawlogs are derived from expected sawnwood
prices assuming certain comversion factors between sawlogs and sawmwood (which are
explained in Table 8). The financial stumpage price for pulpwood is expected to be equal
to Kah 30/m3. The results of the financial reverme calenlations are displayed in Tables
2, 10 and 1.

Tconomic 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 Pulpmills 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 result 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 domesiically,
substituting for volumes which otherwise would have besn imported in the absence of the
projects The remaining 25 percent will be exported.

35. The eoonomic benefit streams calculated using the unit values dabove are displayed
in Tables 12, 13 and 4.



-

364 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 projecte The appropriate inherited
value for these items is the value they have, if any, in their next best (highest valued)
nse 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 nse or in terms of what they could be sold for. The procedures uged 1o
estimate inherited and salvage values are explained in detail in Appendix 2,

37. Both physical and price ocontingenclies were included in the total project costse
However, only the physical contingencies were included in project financial and economic
cash flow analyses (see Appendix 7). Price contingencies are important for budgetary
purposes, but by definition do not affect real {economic) rates of return.

Indirect Benefits

38. Umder the project, benefits would be widely distributed among those to be employed
directly in the plantation programme (who would f£all within the lower rural income
brackets), and in related processing industries, &s well as among both rural end urban users
of the final products The project would provide contimed 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 completeds However this decrease is expected to be offset by
secondary employment opportunities arising from expanding processing irndustries.

39« As has been mentioned before, there is also a whole arrsy of indireot 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 acgquired 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
disiribute the population of Kenya more evenlys

E:  COMPARING C(BTS AND BENEFITS
40, The financial and economic rates of return for each of these project components were
egstimated directly from the relevant financial cash and economic value flow tables. The

financial and economic value streams differ only in what relaies 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;

- satumpage values, which are higher in the economic analysiss

41s The estimated financial and economic rates of return for the project components are
ag follows:

Component FRR ERR
Sawlog 6y Pt 1505 %
Pulpwood Eldoret 2.4 % 217 %

Pulpwood Turbo 1.7 % 20.9 %



42, The relative importance of the shadow-priced variables in explaining the discrepancy
between financial and economic rates of return was tested (Table 15)s The removal of the
shadow foreign exchange rate lowers each of the component's original ERR by about 1.0 %o
1¢4 percents The removal of the shadow wage rate lowers each original ERR by about one-
half of 1 percent. The combined effect of removing similianeously both the foreign
exchange and the wage shadow rates produces a drop of only about 2 percent in the original
TRR's.

43, The sensitivity analysis shows that the major reason for the discrepancy between the
FRR and ERR is the value of the final ontput assumeds Thus, if_the pulpwoed unit economic
value is reduced from the original eccnomic value of 475.8 Ksh/m3 to the very much lower
value of 70 Ksh/m - which is s8%ill more than double the price asmsumed in the financial
amalysis - the ERR falls by about 12 percent.

44. For the sensitivity analysis, the sawlog component was split into its two main
elements: 1import substitution and exporte FEach was analysed separately as in reality
each could be implemented independently. The ERR for the output for import substltution
was 1648 percent and for the export output was 8.2 percents Further tests of the
financial and economic sensitivity of each are shown and discussed in Appendix 4.



KENYA TI PLANTATION PWOJEST

Table 1, Existing and Projected Planting Areas

(ha)

giﬂ;ﬁ;ﬁgg Planting Programme

ag of 31.12.74 Yaar O Year 1 Year 2 Year } Year 4 Year 5 Total
Pulpwood 16 500 2 000 2 000 1 000 1 000 1 000 1 000 8 000
Sawlogs 104 08Q 4 570 5 540 5 430 5 430 5 430 5 430 31 830
Total 120 580 6 570 T 540 6 430 6 430 6 430 6 430 39 830
Replant ing 700 T00 1 000 1 200 1 300 1 300 6 200
Total Planting ‘ 9
plus Replant- T 270 8 240 7 430 7 630 T 730 T 730 46 030

ing




KENYA II PLANTATION PROJECT

Table 2, Summary of Total Project Financial Costs
(Ksh million)

Local Foreign Total

Afforestation 12041 15.3 1174
Project Management

Administration 81.6 8.5 9041

Building

Housing 32.9 31,9 316.8
Equ.ipment 5-9 19.7 2506
Studies and
Tachnical Assistance 641 141 1T+2
Sub=total 239.4 6645 305.9
Contingencies

Physical 2.3 2.9 5.2

Price 62.5 22.9 85.4
Sub-total 648 25.8 90.6

Total Project Cost  304.2 9243 396.5



KENYA IT PLANTATIMN PROTECT

Tabls 3, Project Financial Coets (KSh '000)
Year O Year 1 Year 2 Year 3 Year 4 Year 5
Local Forelgn Total looal Foreign Total  Local Foreign Total Local TForelgn Total local Fareign Totel Local Forelgn Toisl
AFFORESTATION
Labour 16 058 - 16 058 16 160 - 16 160 15 448 - 15 448 15 604 - 15 604 15 630 - 15 610 15 645 - 15 645
¥achine Qperating Cosmt 48 113 161 47 109 156 kY] 8o 114 16 35 54 T k1) 25 B 18 76
Vehiole Operating Cost. 992 2 34 3 306 992 2 315 3 307 992 2 31a 3 306 992 2 315 3 307 992 2314 3306 992 2 315 3 307
Fortilizer & Toola 248 181 435 248 187 435 224 1639 393 230 174 404 233 176 409 233 176 409
Sub-total 17 346 2 614 1y 960 14 447 2 641 20 058 36 098 2 563 19 261 16 842 2527 19 369 14 872 2508 19 350 16 878 2509 tg 387
FOREST ROADS
Road Construction:
Staff & labour 1063 - 1 063 1 064 - 1 064 1063 - 1063 1 064 - 1064 1 063 = 1 063 1064 - 1 064
Kachine Operating Cost 335 83 1118 335 83 1118 335 183 t 118 335 783 1118 33 183 1118 335 8y 118
Workshop Running Cost 33 32 32 33 65 33 32 &5 32 33 65 kE} 32 65 32 13 65
Toole & Mecsllaneous 11 11 22 11 1t 22 11 1 22 1t " 22 1 1" 22 1t 1 22
Office Running Cost 35 8 43 35 ] 43 35 8 43 35 8 43 35 8 43 35 8 43
Bridge & Calvert Material 122 30 152 121 3t 152 122 3o 152 121 -1 152 122 30 152 121 31 152
Road taintenance 185 432 617 188 433 621 193 450 643 196 458 654 201 469 570 206 480 686
Sub-total 1784 1 296 3 oBo 1 786 1305 3 09 1792 1314 3106 1 To4 1324 3 18 1B 1333 3133 1 8c4 1 396 3 150
PROJECT MANAGEMENT
Administration: ;
Staff & labgur 12 B35 - 12 835 12 833 - 12 835 12 835 - 12 835 12 835 - 12 835 12 835 - 128% 1283 - 12 835
Office Running Coat 167 39 206 161 33 206 167 39 206 167 39 206 161 39 206 161 S¥) 206
Vehicle Operating Cost: 588 1 372 1 960 588 1372 1 960 599 1397 1 996 600 1397 1 997 599 t 397 1 996 600 1 37 1 997
Building & Houming
Construction Moterial 4 124 415 4 939 2 927 578 3 505 2 927 5718 3505 1509 219 1 328 1 108 21y 1 327 1 109 213 13128
Cangtruction labour 3292 - 3 292 2 137 - 2 337 2 337 - 2 331 a8s = 885 BBS5 A 885 885 1, 885
Maintenance Material 253, 206 459 252 207 459 253 206 459 252 207 459 253 206 459 252 207 459
Mad ntenance Labour 1248 - 1 248 1 248 - 1248 1 248 = 1 248 1248 - 1248 1 248 = 1248 1 248 = 1 248
Sub-total 22 507 2432 24939 20354 2196 22550 20366 2220 22586 17 096 1862 18958 17 095 1861 18 956 17 096 1862 18 958
FRU TP MFNT 1541 6136 1677 920 3 234 4 154 925 3358 4 283 950 318 413 181 1893 2614 182 1893 2675
STUDTES, TECHNTCAL ASSISTANCE & TRIALS
Land Uoe & Catchmant Siudy 353 1 628 1 981 - 186 786 - 786 186 - 786 186 - 86 86 - 185 185
Socio-Fconomic Study 281 543 824 123 372 495 - = = = - = = L = - ! o
Technical Assiotanca: L .
Asslatance o Sawmilling Industry 643 1159 1 802 310 1 007 T 308 t 008 1318 173 41 214 173 91 214 173 41 219
Training Sawmill 660 ‘8ot 1 467 220 48 268 220 48 268 220 438 268 220 48 268 220 48 268
Coastal Trials:
Arabuko Sockoke 32 10 42 191 21 212 192 21 213 181 21 212 192 21 213 191 21 212
yoni & Langl 256 8 334 83 13 102 120 24 144 121 28 149 121 28 143 121 i) 144
Sub-total 2225 422 & 450 927 2 253 1 1Bo 840 1887 2 727 709 924 1 629 706 024 1630 705 924 1629
TOTAL 45 403 16 703 62 106 41 434 11 599 53 033 40 621 11 342 51963 37 387 9 826 4T 213 37 224 8 519 45 743 37 265 851 45 1y%
CONTINGINCIES F—— Rooere RS Se O SEE /o) BI=p== N EwxsnE L ascm== coETFwE EEs=rax sarcmrE " S amEewE e e ST e
Physical Contingencies 101 839 1600 438 467 306 43 480 9% 259 426 637 242 236 540 242 298 540
Prios Frcalation 1196 3 640 2838 5 298 2525 't 823 3 103 3 701 12 Bog 11 7i% 4 338 16 043 15 685 4 837 203522 19 529 5 866 25 391
Sub-tatal 1899 2539 4 438 5 136 2 v32 8 728 ¢ 542 4 181 T3 723 11 974 4 756 16 730 15 927 5135 21 062 19 167 6 164 25 911
TOPAL PROJECT GGST B 47302 19 242 66 544 47 170 14 591 &1 157 50 163 15523 5 636 49 361 14 582 63 943 53 151 13 6584 66 BO5 57 032 14 638 711 130

- gL =



KENTA II PLANTATI(ON PROJECT

Table 4, Summary of Unweighted Non~-Silvicultural Costs ard
Salvage Benefits for Both Sawlog and Pulpwood Plarntstions

Anmal Coat

Single Coat
Foreign
Amount Exchang® Amcunt per ha Amount
Amourtd/ Area per ha  Component 130% Shadow Amounty Area per ha
Item (kL) Your {000 ha} (kd%[hn! éi; r Fu.H. Hate (Kih/ha) (kL) Year {'000 ha) (KkSh/ha
{1} (2) k3 4 ] (%) (") (gi [€)]
Vehicle-xuipment Purchase - - = - - 135 465 ~2/24X 160 164933
¥ zhicle—Equi pment Running - = - - - - 301 02 -g/24Y g0 317,713
Vehicle-Equipment Inherdted 406 395 =2 160 504799 100 664039 = = - =
Tools-Storen = = - - = = 22000 -2/2Y 160 2,750
Toolp-Storss Inherited 3 ooe -2 160 4125 5 5.053 - - - -
Building Construction } B09 406 -2 160 2264176 10 232,961 . = = =
Buillding Maintenance = = o = = = 85 100 —2/24.‘/ 160 11,138
Building Replacement - - = = - - 57 691 ~2/241/ 160 Te2t1
Bullding Inherited {21 136 -2 160 904 142 10 92,946 - - = -
Rood Constructlon—capital 202 §20 -1 39.830 101.742 © 100 132. 265 = = & iy
Rosd Construcsion—operating iR 920 -t 6538 388,411 10 423,368 = p - =
Road Hnintenance - - - - - - - —2/241/ - Ged17
Road Fquipment Trherlted 141 625 =L 39.830 11115 100 92,449 - - - -
Stuff Requirements - - - - - - 594 140 -2/241 160 74.268
office Running - - - = - = 44 825 -2/241/ 160 5,603
Vehlclo-Bquipment Salvage 40635 252, 160 50.799 100 66,039
Pools-Stores Salvage 33000 259 160 4125 75 50053
Bulloings salvage 1173488 255 160 1464686 10 157,087
{aawlogs only)
Buildings salvage 1354 428 25 160 169.304 100 174,383

{mlpuoed only)

1/ Yoar 24 iu for sawlogs only.
2/ Year 25 is for sawloge only.

‘or pulpwood the year ia year 15

For pulpwood the ewding year iz year 16,

3/ Columns ! and 7 are yearly amounts for the total completed plantation ares {160 000 ha) or for the total six—year project area (39 830 ha).
Columna 3 and 9 give the relevant areass

colwmn | by eolumn 9; respacilvely.

Par hmotarTe average coato (colunrs 4 and 10) ars the result of dividing celunn 1 by column 3, and
Tn the econpmic antlyves, Forelgn erchange 1s ghadow priced at 130% of the official exchange rates

Columns 5 and 11 indicate the forelgn exchange components of each non=silvicultural cost, and columns 6 and 12 glve aingle and anrusl

amounta, respectively, when forelgn rxchange has been welghted at 1308,

Foreign
Exchange
Compeonant

100
0

(7]
10
10

Amgunt per he
13%% Shadow
F.E. Rate

12

22,013
45.633

3,369

11,472
Tad28

12572

164196
5-?’(1

Total Amount per ha

130% Shadow Fu5, Rate

Sawlog Pulpwood

KSh/ ha

13 14

534,353 34221
123200 1154761

90,963 57,273
309444 195,024
200,556 126216
189, 300 113,580
2065.392  1300,432
155,817 98,107

UL



Tegtal On-site

EERTA YI PLINTATIMN PROJECT
Table 5, Yearly Unskilled Silvicultural Labour Requirements

proportion
average of total

YRR anmal plantatlon weighted

10 1"

. man days area total cost
12 13 14 15 16 3t 18 19 20 21 22 23 24 25 Total per ha (%) factor

Labour Required

sawlog LYY
Pulpwood -~

Fldoret MN.T =
Pulpwood —

Turbe at.1 -

Yearly Proportion
of ‘Total On-site

Labour

Sawlog 26.44 -
Pulpwood -

Eldoret 52407 =
Pulpwood =

Turbg 1]e24 -

16,62 0,22 27,72 0.22 12,22 71,22

16,62 0,22 15,22 0,22

26,02 7,22 7,922 0.22

11,65 0.15 19.09 0.15
22,96 0,30 21,02 0,30
31,35 9.05 9.05 0.28

0,22 Q.22

0.22 Q.22

8457 5.06
0,30 0,30
0.28 0,28

12,22 0,72
0,22 0,22

0e22 04?2

B.5T 0015
0,30 0,30
0,28 0,28

12,22 Q.22
0,22 0,22

0,22 0,22

8.57 0.15
0.30 0.30
¢.28 0,28

12,72 0.27
0,22 0,22

0.22 0,22

8.32 0.15
0430 0,30
0,28 0,28

10,22 0,22 0,22 0.72 0,22 0.22 0422 0,22 0,22 0,22 0,22 0,27 0,22 = 142.6 5.281 84.721 1.0203

0.22 0.22 0,22 - 72.4 4.259 7631 0.8750
0.22 0.22 0,22 - 9.8 4.929 1.63¢ 0.9523

0415 ©e15 0,15 0415 0415 0,15 0415 0,15 0.15 0415 0,15 0.15 075 - 93.92
0.30 0,30 .30 - 99.95
0.28 0,28 0,28 - 100405



Sawlogs
Unwelghted Total

Weighted Total

KENIA TI PLANTATIGN PROJECT

Table 6, Summary of Weighted Non-Silvicultural Costs and
dalvage Benaflta for Both Sawlog and Pulpwood Plantations

Pulowogd - Elderet

Unweighted Total

Welghted Total

Pulpwood - Turbe
Woighted Total

Unwelghted Total

Amount ~ 1308 Amount - 1306 Amount - 13C% Amount — 1308 fimount - 130 & Amount —~ 130%
Typa of _1/ Shadow F.E. Rate Shadow F.E, Rate Shadow F.E. Raie Shadow F.E. Rate Shadow F.E. Rate Shadew F.E, Rate
Cost or Benefit Cost/Benefit— Yearis)  (KSh/ha) Wedgitt (ksh/ha ) _ (Ksh/ha)} Welght  {¥sh/ha) {Ksh/ha) Weight (KSh/ha)
Vehigle—Equipment Purchase 4C d.g/ 5944351 1.0203 606,416 314,221 0.8750 327,443 3IT4.221 0,9523 356,371
Vehicle—Bquipment Running AC d 1232,091 1,0203 1257.102 775.761 0.8750 678.791 175161 0.9523 1384757
Vehicle-Fpuipment Trherited 5¢ -2 65.039 1.0203 67,380 66,039 0,8750 57784 66,039 0.9523 §2.889
Toola-Stores AC d 90,963 1,0203 92,810 57,273 0.8750 50,114 57273 0.9523 54.541
Toola=Stores Inherited SC -2 54053 1.0203 5.156 5.033 ¢,8750 40421 5.053 0.9523 4.812
Duilding Construction §¢ -2 232,961 1.0203 237.690 232,961 0.8750 203,841 232,961 0.9523 221.849
Buflding Faintenance AC d 309.744 1,0203 316,032 195,024 0,8750 170,646 195,024 0.9523 185,721
Bnilding Replacement AC d 200.556 1,020} 204,627 1264276 0,8750 110,492 126,276 0.5523 120,243
Bui 1ding-Tuheri ted sC -2 92,846 1,020 94.73! 92,846 0.8750 81,240 92,846 0.9523 88.411
Hoad Construction s¢ =] 555,633 1.000:1%/ 555,633 555.613 1.0000] 555,633 555,633 1,0000Y  555.633
Rood *ainterance AC o/.mﬂ/ 189.300 1,00005 189,300 113,580 1.00003/ 113,580 113580 1,0000%/ 113,580
Road Equipment Trheritbed 56 -1 92,249 1,0000Y 92.449 92,449 1,0000%/ 92,449 92,249 1,00003/ 92,449
5taff Requiramsnts A d 2065, 392 1,0203 2107.319 1300,432 0.8750 1137.818 13004432 0,9523 1238.401
0ffice Running AC a 1554817 1,0203 158,980 98,107 0.8750 85,844 98,107 0,9523 93,427
Vehicle—Rguipment Salvage sB 252/ 66039 1,0203 67,380 66.033 0.8750 57.784 66,039 0,9523 62,889
Tovols-Stores Salvage 3B 252/ 5053 1.0203 5.156 5053 0.8750 4.421 5+053 0.9923 4.812
il ldinge Salvage 58 255/ 151,087 1.0203 154154 174.363 0,8750 152,585 174,383 0.9523 166,065

LN

AC - anmal cosi;

5C = single cost;

SB = single benefit
“d" means that an annual cost is distribused from years mimus 2 through 24 Tor sawlogs (through 14 Tor pulpwood) according to the

proporiion of total man days of unskilled sllvicultural labour used,

L S

Year 25 for sawlogs only.

Year 15 for pulpwood.

Year 24 is the ending year for sawlogs only.
gilvicaltural labour distribution,
per hectare per year.

For pulpwood the ernding year is 144

Road costs are unweighted since they are assumed to be equal for all hactares.

This anmal cost 1s not distributed according to
Tt $8 equally distributed over the rotation, beginning in year 0, which amounts to XSh 7.6



KENYA TI PLANTATION PROTECT

Table 7, Physical output per hectare (m3)

Year Sawnwood Pulpwood
10 35
15 30 225
25 360

KENYA IT PLANTATIGW PRQJECT

Table 8, Output Unit Values

Sawnwgod Conversion Stumpage Economic
Sawlogs Ksh/m Factor Financial Price Unit% V%Iue
Ksh/m3 Ksh/m
Sawlogs
ist Thinning 166467 0.30 50600 255
2nd Thinning 166.67 0435 58433 297
Harvest 166467 0.42 T0.00 357
Pu].'DWOOd 30.00 475.8

See Appendix 1 for further details
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Table 13,

KENYA II PLARTATI(N PROJTECT

Eoconomic Value Flow — Pulpwood Component — Eldorst Division
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XENYA I1 PLANTATICN PROJECT

Table 15, Sensitivity Analysis

Assumpbion Set }SE:;;:LE%) Pulg;ng%)Eldoret Pul%;wg?%)Turbo
“s Original assumptions 155 217 20.9
2+ No shadow foreign exchange

rate 1444 20.3 19.5
3j» No shadow wage rate 1541 2141 20.4
4+ Combination of 2. and 1. 13.9 1947 18.9
5« Pulpwood price of Ksh"{O/m3 - 9e8 %0
6. Sawnwnod import substitution

element 16,8 - e
Te Sawnwood export element 842 - -
8. No shadow prices 6ol 24 ]

See Appendix 2 for further details
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APPENDTX 1
PRATECT COSTS
As Non-gilvicultural physical inputs and costs
Vehicle and Equipment Purchase Coats
il Vehicles and equipment are assumed to have a six year useful life. A list of the

total mamber of required vehicles and equipment for the entire plantation programme is
presented belowe It 13 assumed that equal expenditures for replacements are made each
year beginning in the year of plantings This input is composed entirely of foreign
exchangee

Number Unit Cost Total Cost

Ttem Required {KL) {XL)
Saloon car % 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 60 -1/ 650 39 000
Pire trucks 4 5 300 21 200
Poritable water pumps 12 450 5 400
Bub-totals . ; | 738 900

10 percent physical contingency 73 830

Total cost (6-year period) | 812 790

Total anmal cost 135 465

Anmial cost per hectare 00,8467
(assuming 160 000 hectares) (KSh 16.9)

Vehicles and Equinment Running Gosts

2 The total anmial vehicle and egquipment 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 percents

— ndE

_‘Ij Stationary engines have a useful life of 12 yearses Therefore, only half of the
' required number were entered in this table.



Tools and Stores Costs

3a Tools and stores costs consist of maintenance and replacement of walkie talkie and
VHF radios,; uniforme for staff, hand tools and miscellaneous itemse The anmal coet of
the above for the entire plantation programme is KL 22 000 (including & 10 percent
physical contingency), which is XSh 2.8 per hectares The foreign exchange component is
75 percents

Building Construction Coat

4. It is assumed that one project headquariers office, one new divisional office, four
new full accounting stations and 12 sub-stations will be conmstructed during the project
period (1975-1980). Ttemized costs for each are presentsd in Table 2 of this appendixe

5 In addition, some existing staff housing, buildings and water supplies will require
replacinge 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 periode This would be in addition to some

2 00C new workmen's houses to e constructed in the new stations and sub—stationse The
house building programme will be undertaken by the Forest Depariment using direct labour;
costs are based on present day experience.

6 The proposal is to provide during the project disbursement period (1975-1980), an
improved house for all permanent foresiry workers (working on existing stations and sub-
stations) required beyond 1980, ise., 5 500 forestry families.

Te Tt 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
percente Total building costs are obtained from the following:

Hew 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 Sub-Stations (12 at KL 20 250) 243 GO0

New Foreat Workers' Houses for New Stations
(2 037 at KL 210) 426 510
Sub~total (New Stations) 790 555

BExisiing Stations

Replacement of Existing Forest Workers' Houses

3 116 at KL 210 654 360
Replacement of and Additions 3o Existing Staff

Houeing and Buildings 200 000

Sub=total (¥xisting Stations) 854 360

Sub-total Building Cost 1 644 915

10% Physical Tontingency 164 431

Total Building Cost 1 809 406

{XSh 226.2/hectare)
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Building Maintenance Cost

8. Maintenance of existing buildings (see Table 3 in thie appendix)} and new (project)
buildings will be carried out by the Forestry Department with maintenance teams located
in the main stationse The foreign exchange component is 10 percent. Maintenance
requirements consist of 60 teams of the following:

XL/ vear

i Mason 250
1 Carpenter 250
3 lLabourers 540
FMaterials 310
Sub-total team coat i 350

10% Physical Contingency 135

Total team cost 1 485

Total Anmal Cost of 60 Teams 83 100

(KSh_11.T/hettars)

Road Construction Cost

G, 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 Rif't and the other Easy
of the Rift. New road construction for hoth units is summarized below.

km/year

Primary and secondary roads for new plantations to
be established during projeci period &0

Plantation tracks i00

Service road construction to new stations and
upgrading some exisiing roads 20 .

Total 180

The total amount of equipment required for both units is shown in Table. 4 in this
appendixe In addition, XL 3 OO0 per unit is required for site offices/workshops and
housinge Road constirdction capital cosis {equipment plus officq/workshop and housing
construction) asscciated with each hectare are assumed to ocour in the year preceding the

planting of that hectare. Road construction capital costs are composed entirely of
foreign exchangee

10, Road construction operating costs consist of (1) machinery operating costs (summarized
in Tabtle 5 of this appendix), (2) bridge and culvert construction costs of KL 3 500 per
unit, {3) staff and labour (summarized in Table 6 of this appendix), and (4) miscellareous

itemss The foreign exchange component equals 30 percent for road construction operating
costg.e
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1le Costs are summarized below.

Capital Costs

Equipment KL 178 200

Buildings 4 000

Sub~total 184 200

10% Physical Contingency 18 420

Total 202 620

Total Per Hectare KSh 101,742

(at 39 830 "new hectares)

Operating Costs Ki/yeax

¥achine operating costs 54 690

Bridge and culvert materials 7 000

5taff and labour 49 510

Workshop running 3 000

Tools and miscellaneous stores 7 000

Office expenses, supervision, vehicle

running costs, administration, etes 2 000

Sub-total 117 200

Tk Physical Contingency 11 720

Total 128 920

* (per hectare, at 6638.33 ha/year) {KSh 388.41)
Total Road Construction Cost KSh 490+ 2/ha.

Road Maintenance Cost

12¢ Anmal road maintenance operating cost per hectare is calculated as follows:
(Average Road Density) x ( Machine Hours Required) x (Cost per Machine Hour)

= (+045 km/ha x (1.6 hr/km) x (XSh 50/hr) + 10%

= KSh 346/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 haz a useful life of 7 years; which means thail an average of 8/7 graders
mist be purchased (replaced) each year. Bach grader costs KL 17 200 (including 10 percent
physical contingency)e Therefore, the anmal capital cost per hectare is:

8/7 (KL 17 200) / (160 00C)
= 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 percents
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Stalf Requirement Costis

14 Anmal staff salaries for the entire plantation programme are itemized in Table 7
of this appendixe Ten percent is composed of foreign exchanges. A summary by management
urdit is presented belowe

Nos Unit Cost Per Year Total KL
Project Headquarters 1 16 000 16 000
Conservancies & 5 150 15 450
Divisiongs 1 14 4 600 64 400
Stations 2 59 5 530 326 270
Sub-stations 3/ 4 3 660 172 020
594 140

The total anmual cost of KL 594 140 is XSh T4.3 per hectare.

Office Running Costs

15, Office running cosits are composed of general office expenses of KL 8 825 anmally,
summarized below, and anmal station upkeep of XL 360 for each (100) stations. "en
percent is composed of foreign exchange.

General office expenses KL/gear X1/ year
Project Headquarters 1 000
Conservancies (XL 300 x 3) 300
Divisions (KL 200 x 4) 2 800
Forest Stations (KL 50 x 59) 2 950
Sub—-stations (KL 25 x 47) 175 8 825
Station upkeep 36 000
Total Anmal Office Running Cost 44 824

{XSh 5.6/ha)

Be Silvicultural physical inputs and cosis

16s The afforestation programme will include murseries, land clearing and preparatior,
planting ard replanting,surveying, weeding, pruning, thinning, protection and road
constructione

Nurseries

17e Pulpwoode The Turbo mursery which is capable of heolding over three million planta
will raige most of the plants for that division, supplemented by the Saboti Nursery.

18, Sawloge The average anmal planting programme in the sawlog aTea is 5 900 hectaress
Twelve million plants would be needed to be met from the existing mirseries. Species to
be raised in these mirseries are Cupressus lusitanica (80 percent of the total planting

1/ Includes 1 new Division to be built by projects
g/ Includes 4 new gtations to be built by project.
3/ Includes 12 new sub—stations to be built by projecte
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programme), and Pimus patula and other species; iee. BEucalyptus and a few hardwoods which
will account for the remaining 20 percent. All seeds would be collected from the existing
seed orchardse Seedlings are normally raised in the mirsery for about six months before
plantinge.

Lland Clearing and Preparation

19. Pulpwoode 1land is ploughed and harrowed after which maize or wheat is planted for
two years before planting of pine trees is commenced,

20. Sawlog Areas. In the sawlog areag and in the pulpwood areas in Eldoret Division

the land to be planted is first demarcated into 0.5 hectare plois anmd allocated to
labourers. They clear 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 additlonal three years. Felling of small trees in these plots ie done by labour, while
large trcea are felled by the Forestry Depariment using power saws. Moat of these areas
are very fertile and therefore no fertilization is required. In the grasslands subsociling
is carried out before pitting out is donee.

Planting

21« Pulpwoods 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 o
facilitate easy movement of harvesters while removing the maize interplanted with the trees
in the first year. Tt iz also designed to allow free movement of harrows during
mechanical weedinge Planting commences immediately after sufficient moisture build-up has
been formed during the rainy season (April-Mey); sometimes when rains are late planting
may contimie 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 iz reserved for this purpozes
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 sites Replanting
of clearfelled areas takes place one year after fellinge

22, BSawlog Areas. In the sawlog areas, planting is carried out by workmen in the
allocated plotse Normal spacing is 2.5 m by 2.5 me An average of 14 man-days is
required. Replanting of the clearfelled areas takes place two years after fellinge 4
10 percent seedling reserve is made to facilltate beating up of failed seedlings after
planting. Complete replacement is wrmisual in the sawlog arcas.

Surveying

23, BSurvey 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

1125 000 scale aerial photographs. The survey section of the Department keepa & record
of all the surveyed areas.

Wesding

24, Pulpwood Areae In the Turbo arez,; both mamial and mechanical weeding are carried
out as follows: mamual weeding in the first, second and third years at seven man—-days per
hectare and mechanical weeding in the first, second 2nd third year at two hours per hectares
After the rains in the Turbo ares, weed growth 1s profuse making such heavy weeding
necesgarys




25, Sawlog Area and Pulpwood Areas Other Than Turboe 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. Contimal weeding on plantations grown on grasslands is necessary
for the firet three years, particularly vwhere cypress is established. However, P. patula
can survive in grasslands so long as the grass is not taller than the treess In these
areas, weeding is particularly necessary 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 areas Where
fire danger is conmidered high in young plantations light pruning may be carried out;
otherwise, this is not necessarye.

27. Sawlog Area. Pruning of itrees intended {o 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 t0 325 metres

Age 8 = 533 stems/hectare to 11.25 metres

Age 10 - 533 stems/hectare to 13475 metres

No other pruning is necessary after age iten.

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 tens

Labour requirement for pruning is based on the country's present average of 12 man-days
per hectare. The average anmal pruning programme will be 25 000 hectares.

28+ Thinnings Thinning is not necessary in pulpwoocd plantations. It is, however,
necessary in sawlog plantationse The purpose of thinning plantations is to increase the
value of the final crop. Three thinnings wonld be carried out on plantations. The first
thinning is hygienic and is intended to remove all dying, dead and diseased trees from the
plantationse The second and third thinnings are commercial and provide & 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 Plant Height
Age in Years Plants Established Per Ha After Thinning in Metres
0 1 600 No thinning -
2 - BloS) 12
10 - 355 Top height not
considered
15 - 250 Top height not

considered
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Pines
Crop Remaining Plant Height
Age in Years Plants Established Per Ha After Thinning in Metres
0 1.600 ¥o thinnming -
5 - 711 12
8 - 533 Top height not:
considered
13 - 356 Top height not
congidered

29« The average anmal thinning during the project period would be 4 100 ha., Average
anmal men-day requirement for non-commercial thinning and marking of commercial thinning
is eight/ha.

Protection

30. Protection Against Pire. Fire damage in Kenya can be very high, particularly during
years of severe droughte In 1971 the couniry 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 periode In order to ensure strong

fire control, the Depariment established a fire control section to deal with all fire
matterse

31, Firebreaks, Firebreaks would be establighed &% a density of 40 m per ha and with a
width of 20 m and maintained by early burning and all year round clearings 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
requireda

32, PFProtection Against Fungal Diseasese Dothistroms pinii has been the worst fungal
diseases 48 a result, the Department has halted any further planting of P. radiata which
is particularly susceptible to it while studies contimie to find a cheaper method of
controle Nursery diseases caused by Rhizoctoria solani Kuhn and pythium sppe still cause
problemse Cypress canker caused by Monochaetia unicornmis (Cocke and Ellis), Armillaria
mellea of both pines and cypresa, Diplodia pinea (Desm) have all been present in the Kenya
softwood plantations. The Pathology seciion of the Department carries out a contimious
field check on these diseases and conirols them where possibles This would continue
during the project period.

33 Protection Against Tnsect Pests. Insect pests of economic importance in Kenya are
the woolly aphids of vhe genera Adelges and Pineus (Homoptera: Adelgidae)s 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 Kenyae

34 A summary of silviculiural imputs for each of the three project components, itogether
with estimates of total costs per heclare, are displayed in Table 8 of this appendix.



KENYA ITI PLANTATION PROJECT

Table 1 Vehicle and Equipment Running Coat,:

Location
km/vehicle/ KSh/ Annual Cost

Supervigion Vehiclaes Type and Number year km _ (KLY
Project Headquarters Saloon Car I y 20,000 InoL 1,100

= Statfon Wagon i 20,000 1.1 1,100

= Land Rover 1
Conservancies & £a 3
Divisions J it 14
Main Forest Stations " t 59
Sub Forest Stations " 23lj 100 17,000 1.1 93,500

sub-total 95,700

General Administration Vehicles and Equipment

Main Forest Stations and 5/7 ton lorries 65 15,000 1.7 82,873
Selected Divisions

Suh TForest Stations 3-ton lorries 403’ 15,000 hEE S 45,000

Statlons under 60-65 hp tractors IOQA&/ 1,000 19.0 9,500

construction

pivisions, Main Station Stationary engine 120 1,300 hr/yr 4.Q 31,200

and Sub Statlons (water supplies).

{(Locatlion not glven) Fire trucks 4 — - 2,000
" " " 85 hp tractors B 1,000 20.0 8,000

sub—total 178,575
Sub~total all vehicles and equipment 274,275

10% Physical Countingency 27,427

Total Annual Cost 301,702

Total Annual Cost Per Hectare 1.886
(KSh 37.7)

1 Balance of 24 sub-stations. would chare transport witrh main stations and have use of 3-ton trucks,
2 Allows for replacement of tractor units by trucks in stations where pleughing completed.
=" Required for general carting over rough terrain during station constructfeon and limited cultivation operations.

& Tractor requirements for cultivation operation in Turbo are included in afforestation estimates.

BE

b YIONEddY



Table 2 Schedule of Unit Costs for New Division,

Office

Store, general
Store, fuel

Garage

School

Dispensafy

Shops

DFO/Forester House

Ranger/Clerk/Driver
House

Forest Guard House
Water Supply
Nursery

Fire Towers

Labour housesi

Totals

B —————

& s

KENYA IT PLANTATION PROJECT

Stations and Sub-Stations

AFPENDIX 1

Unit Division Station Sub-Station
Cost No. Cost No. Cost No. Cost
KL (KL) {KL) (XL)
- i 1,300 ] 600 1 600
330 L 830 1 330 ¥ 330
110 - = 1 110 X 110
- L 217 1 46C i 460
950 = - 1 950 i 950
330 - = | 330 1 330
290 - = 2 580 ¥ 580
7,250 1 7,250 1, B.Z56 i 7258
1,450 4 5,800 & #5250 3 4,350
550 - = 3 1,650 3 1,650
1,650 - = 1 1,650 1 i4658
1,450 - - - ) 1 1,450
270 - ~ ] 540 2 540
210 = = e 1/ - 2l
14,795 23,156 20,250 :

EY Calculated on basis 6f number of employees at cost of KL200/house/employeée



KENYA II PLANTATION PROJECT

Table 3 Schedule of Existing Forestry Department

Buildings in the Project Area

(Exclwding forest workmen's houcos)

S e ik

| Division
Tlburgon

| Londiani
Liychururu
Baringo
Eldoret/Nabkoi
Kitzle
Xiswm
Turbo
Fyori
Embu
 Nairobi
Coaunt

Southern

TOTAL

HOUS INW G

OTHER BUILDINGS,

Senior Junior Teachers Foraet ILiost Fire Offico S‘tofe Garape Dispen, School Comm, Shop Water
Stalf Stalfl Guards House || Tewer all Supply
i3 69 40 129 4 19 ki 12 & 14 10 540 12
15 B 12 15 - 3 8 i 3 9 5 - 4 T
1" 66 30 103 - 6 10 13 7 il 7 1 23 1
7 ¥» 15 70 - 4 7 i 2 5 5 = 10 6
1 60 33 78 2 4 11 26 3 1 15 9 39 20
6 30 9 63 - 2 6 ) 3 5 8 - 4 5
2 9 - 18 - - 3 4 2 - - - = 1
11 21 = 20 - 3 5 6 3 2 - = - i/
12 65 23 104 - 5 12 12 8 10 T 5 & 11
6 28 6 60 - 2 a 2 2 - 4 6
10 53 21 110 - 4 9 9 4 i 7 - 14 8
5 25 = 50 Ty - 5 5 3 - - - - 4
3 18 - 40 2 - 3 3 2 - = & - 3
112 514 189 920 8 44 986 110 48 05 60 18 148 109

1 IIMEdLY



KENYA IT PLANTATION PRQJECT

Table 4 Read Construction Equipment Requirement

Estimated Remaining

Full Operational Replacement Cost

Inherited Value

Ttem Operational Life Per Unit Life or Cogt (KL) (kL)
Existing Equipment
1 low loader, 20 ton 4 - 5 years b years 16,400 12,300
1 Massey Ferguson bulldozer (D6 equiv.) 5,000 hours 10,000 hours 28,400 14,200
1 D.6 Caterpillar 6,000 hours 10,000 hours 22,900 13,740
1 Tevex 32:40 bulldozer (D7.3 equiv.) 6,000 hours 10,000 hours 33,200 19,9220
1 Wakefield motor grader (120 hp ™) 3,000 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
I' Front end loader 3,000 hours 10,000 hours 19,600 5,880
1 ‘Bomeg sellf-propelled road roller 7-ton 10,000 hours 10,000 hours 8,000 §,000
1 Bomeg self-propelled road roller 10~ton 6,000 houra 10,000 hours 10,000 6,000
4 Tipper lorries 5/7 ton 160,000 km 300,000 km 15,200 10,240
2 Land rovers 60,000 km 200,000 km 5,300 ) 1,390
Hew Equipment (per unit} TacRL 128’7501/
I'p.6 (D.7) Bulldozer with ripper & hlade 28,000~
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 Rovers LWB 5,300
Total, 1 Unit 89,100

KENYA II PLANTATION PROJECT

Table 5 Machinery Operating Costs

Total, 2 Units 178,200

Ltem Km/hrs/year Cost/hour or km (KSh) ~ Annual CQStJ(RIQf_
1 bulldozer (D6) 1,500 hours 50 3,750
1 bulldozer (D7) 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 tipprer lorries 70,000 kms 1.5 5,250
2 land rovers 35,000 kms g 1,323
3.8
e g dotey Nt Total, 1 Unit 27,35
i Total, 2 Units 54,690

1 D.7 bulldozer will be required for one unit and ene D,6 for the
other unit. Cost represents average of D.6 and D.7.

I XIONALST



3 -

KENYA IX PLANTATION PROJECT

APPENDIX 1

Table 6 Staff and Labour Requirements and Costs

Staff/Labour Grade

Headguarters

Superintending roads
engineer

Cheif 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/messenger /

Road levellers/tracers™

1/

1/
400
350
350

<400

[y -

1,400
850
450
180

uajigaw

130
350
1,200
450
450
200
850
180
350
350
180
400
a50
300
160
450

[} =
PO NO RSP L

No. Arnual Cost (KL) Total Cost (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

900

Total 1 wnit 23,830
Total 2 units 47,660

49,510

= Exigting post financed by bilateral agreement funds

2/ Spare driver interchangeable with lorry drivers

3
L Major surveys would be undertaken by surveyor seconded from survey

branch of F.D,



Table ¥ Staff Manning Plans and Coats of Management Unite

Project Headquarters

Project Mansger
Asst. Manager
Chief Aceountant
Acet. Grade I
Acct. Grade III
Executive Offficex
3 Secratrales

2 Typista

7 Clecks

2 Drivers

1 Storeman

1 0fficer Messenger

Grade

Annual Coat

(KL)

B OO O On LT R

Total

2,600
2,050
2,050
1,400
850
830
1,800
700
2,450
700
350
200

16,000

KENYA II PLARTATION PROJECT

Conservancies (3

Annual Cost

Rate KL

1Cof P 2,100 2,100

1 Executive Officer 850

1 Secratary ) 600

3 Clerk/Typists 350 1,050

1 Driver 350

1 Postran/Messenger 200
Total 5,150

Main Forest Stations (59}

Annual Cost

Rate {KL)
1 Forester 1,140
2 Rangers 500 1,000
1 Clerk/Typist 350 350
2 Drivers 350 J00
1 Storeman 300
8 Forest Guards 230 1,840
p! Postman/Messenger 200

Total S5 530,

L b

(Y Y S

Divisions (14)

Annual Cost
Rate . (KL)
b.F.0? 1,600
Asst. D.P.O. 1,400
Clerk/Typists 350 1,050
Driver 350
Postman/Messenger 200
Total 4,600
Annual Cost
(KL)
Forester 1,040
Ranger 500
Clerk 350
Driver 350
Stoxeman 30G
FGs 920
Postman/Messenger 200

Total 3,660

| YIOXddY
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KENTA TI PLANTATION PROJECT

Tavle 8, Summary of S1lvicultural Costs

Sawlogs Pulpwocd — Eldoret Pulowood - Turbo
Labour Labour Other Total Labour iabour , Cther Total Labour Labour Other Total
Roquired Gos Coat Cost Requirsd GoatI/ Coat Cort Required Cosﬂ/ Coct Coat
Ttem = Year(a) {Man duyn) (KSh/ha) (xsh/ha) (KSh/ha) Year(s) (Man days} (KSh/he) (kSh/ha) (KSh/ha) Year(s) (¥an days) (kSh/ha) (ksh/ha} (XShiha)
Nuraer, £ 44.0 418.440 a4 462.440 -1 44,0 418,440 44 462,440 -1 48.0 456,480 48 504,480
Land Preparation -2 YA 358.527 - 358,527 ] 3.7 3584527 - 358527 -2 IT.T 58.527 - 158,527
Planting 0 14,0 133,140 = 133.140 0 14.0 133,140 = 133,140 Q 14.0 133,140 - 133, 140
Plantation Survey 4} 1,0 9,510 - 9,510 o 1.0 9.510 = 9.510 0 1.0 9:510 - 9.510
Boating ip 0 1.4 13,114 - 134374 ] 1.4 134314 = t34374 Q 2.8 26,628 - 26,628
Weeding: Firvst 2 150 142.650 - 142.650 2 1540 142,650 - 142,650 0 140 66.570 40.3/ 106,570
Second - - - - - - - - - - 1 7.0 66.570  BOY. 146,510
Third = = - - - - - - - - 2 7.0 66,570 40  106.570
Pruning 2,4,6,8,10 12.0 114120 - 1144120 - - = = - o = a -
Pra Coamercial Thinning 5 7.0 66,570 - 66.570 - - - - = S - - = e
Marking Out 10,15 05 4,755 - 4,755 = = = = < - - - - -
Fire Protection 0-24 0,12 1.141 - 1.41 0-14 0,12 1,141 » le14t 0-14 0,12 1,141 - 1 141
Othar Protection 0-24 0s1 0,951 = 0.951 014 0.1 0:951 - 2951 0-14 0.1 0,951 = 0.951

1/ labour Shadow unge rate iz KSh 9451/man daye

_2] Nursery labour required ia 4G man days per hectare planted, Ten percent 1u added for sawloge {and pulpwood-Eldoret) beating up,

= and 20 percent is added for pulpwsod-Turbo besting np. Two thousand troes need to be grown in the murasry for each heotare
planted in the fields (There ia a 20% culling lose of acedlinga for sawlig snd pulpwcod-Eldoret mirseries and a 10% culling
loas for pulpwood—Turbo mursoriese} It coatm KSh 20 per thoussnd seedlings grown for fertilizer, tools, boXes, etc., which
amounts to KSh 44 per hectars for sawloge (and pulpwood-Eldoret) and KSh 43 per hectars for pulpwood~Turbo.

;/ Cost represents mechanical weeding, which coats KSh 20 per hours

SHEE

{ YIMEJIY



-39 -

APPERDIX 2
JINHERITED AND SAIVAGE VALDES
Both inherited and salvage values derived below are unwelghted and have no shadow
foreign exchange rate applied to theme Appropriate weighting and shadow pricing has been
done in Tables 4 and & of the text.

Yehiclez and Equipment

The project is assumed to inherit a stock of vehicles and squipment equal $o six
years of project purchases. The usaful lives of vshicles and equipment are six years, so
they should be, orn the averege, half worn outs Thersfore, an average of three years of
useful 1ife 1s aseumed %o remain in the vehicles and equipment inheriteds Similarly, at
tha end of the projeot the smalvage value of vehiclea and equipment passed on to the
contiming plantation programme is asgumed to be slx years worth of purchases, agein on
the average balf 'worn cut’. The irherited/salvage value is, therefore; equal to the oost
of three project ysars! purchases of vehioles and equipment, which is ESh 50.8 per hectare.

!‘_gola and Stores

The inherited and salvege values for toolas and stores ars determined in the same
manner a8 the valuea for vehicles and equipment, above, except that a three year useful
1ife i85 agpumed rather than a six year life. Assuming that the stock of %ools and stores
ia on the average half worn cut, 13 years of useful life are inherited and palvaged, at &
valne of KSh 4.1 per heotare,

Building Construction

Existing buildings and their replacement costs are given in Table 1 of this appendix.
Replacement ocat per hectars for all existing btuildings 18 ESh 360.6 per hectares If or
the average the buildings are half worn out, their value (for foreatry purposes) i{s XSh
18043 per hectaree Howover, it is doubtful that their value for alternative uses is as
high as it is for foreatry due to location and designe Aesuming that their alternative
value is half that of their foreairy value, the proper inherited value and salvage value
for exdseting buildings is KSh 90.14 per hectares In sdditicn, a asalvage value of new
buildings (capital ocost — KSh 226,2) nesds to be addede Assuming a 50 year useful life
and a nop~forestry value equal to half that of forestry, the salvage value of new buildings
for the sawlog rotation is 25 percent of the building capital cost (KSh 56.54/ha) and for
the pulpwood rotaticn is 35 percent of the building capital cost (KSh 79.16/ha)e The
salvege value for existing builldings pmat be added to the malvage values for new buildings
to get the total building malvage values, which are KSh 145.7/ha for sawlogs and
ESh 169<3/ha for pulpwoodes In addition, the existing buildings, which oost KSh 360.6/ha
t0 rebuild, will have to be replaced. Assuming & 50 year mseful 1ife for existing
buildings, anmal replacament will cost KSh 7.2 per hectarss None of the new buildings
will need to be replacede.

Road Construciion

Road oorsiruction is sasumed to oocur during the year befors planting (year 1). All
squipment used for project road oconstruction is sxpecied to be campletely used up at the
end of the six yoar congtruction periodes In addition, it is assumed thet exipting roads
and roads oomstruoted during the project have no value other than for forestry (mo
jnherited or salvage values)s. However, equipment existing at the beginning of the projeot
wha used for road constrmotions Table 4 of Appendix 1 lists that equipmente The
inherited value plus 10 parcent for physical contingency is KL 141 625, or KSh T1.1 per
heotarce



APPEXDIX 2
KENYA I1 PLANTATION PROJECT
Table 1 Replacement Costs of Existing Buildings
e-l—/ 2/ Unit Replacement  Total Replacement
Type Number— Cost (KL) Cost (KL}
Burseries 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 20 110 9,900
Division Garages 13 115 1,495
Station Garages 35 460 16,100
Dispensaries 65 330 21,450
Schools 60 9507 57,000
Community Halls 18 3303/ 5,940
Shops 148 280 42,920
Water Supplies 101 1,650 166,650
DFO/Forester Houses 232 7,250 812,000
Ranger/Clerk/Driver Houses 514 1,450 745,300
Teacher's House 189 1,000'9'/ 189,000
Forest Guard House 920 550 506,000
Sub-total 2,822,315
Replacement fAdditions to existing staff housing 200,000
and buildings
Net ‘ 2,622,315
10% Physical contigeney 262,231
Total Cost 2,884,546

(KSh_360.6/ha)

A1l of the types listed in either Table 2 or Table 3 of Appendix 1,

Fusbers from Table 3, Appendix 1 (when given). Office and garege

mmbers split by assuxing all 13 divisions had one unit with the

remainder looated on stations, Humbers for items from Table 8, Appendix 1,
u':’;. that each old division/ciation has same buildings as new division/
station,

Community hall cost not given in Table 8, Apperdix 1, so assumed equal ic
store/dispensary cost of XKL 330.

Teacher's house cost (not given) is assumed oqual to average of junior
staff's and forest guerds' houses.

R
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g = APPENDIX 3
ECONOMIC UNIT YAIDES F QUTPUT
The economio price of pulpwood is caloulated by determining the cost of importing

palpwood %o run the Webuye mill and then shadow prioing it at 130 percents The price is
determined as followss

Uss

Cost of pulpwood chips from West Coast (North America) fe0.be 84/810 Y
Freight and insurance to Mombasa, Kenya 35/300
Coett Celefs Mombasa 119/BI0
Less Chipping costs (including depreciation of equipment) 10/B.'DU
Equivalent roundwood coat (ohip measure) 109/BI0
Equivalent roundwood cost (roundwood measure) 5445/m3
Transport to Webuye mill (600 km at ESh Oe178/m3/km) 10.7/m3
Handling 146/m3
Cogt of pulpwood at mill aite 66.?/113
Less: Logging costs 135/m3
Pransport and handling to mill 2,0/m3
Economlie price of pulpwood stunptse 51.2/m3

(Esk 366/m3)
Foonomic shadow price of pulpwood stumpage KSh 475.8/m3

SR ey T R AL T

The economic prioce of sawloge whioch substitute for potenmtial imports 18 caloulated
by determining the cost of importing sawmwood to Nairobi. The economic price of sawlogs
shich are sxported ia estimated to be KSh 235/3. The two prices are averaged (weighted:
75 percent for import substitution omutput and 25 percent for exported output) and multiplied
bY 130 o reflect the 130 percent shadow pricing of foreign exchange. The average
shadow price for sawnwood 1e then converted %o eawleg prices by applying the sppropriate
conversion factorse These prices are ealoulated as followss

US3£|13

Sawnwood price (lowest grade) in Soandinavia feoebe 120
Sea freight to Moxmbasa 5
Port handling in Membags and rail freight to Naircobi e
Sawmwood import eost in Naircbi 166
Sewnilling cost (less stumpage olement plus handling/freight

to Nairobi) _55
Eooncalo price (sewnwood measure) of import subetitution

sawlog stumpage US$111/m3

(Esh 793/m3)
Economic price (sawnwood measure) of export sawlog stumpage (Esh 236/ud)
Weighted average ecomomic price (sawnwood measure) of

sawlog Biumpags ESh 653.75/1!3
Weighted average shadow price (sawnwood measure) of sawlog
stumpage KSh 849.875/m3

1/ Bone dry unit of chips, 1 BIU = 2400 1b = 2m3 roundwood.
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APPENDIX 4
SERSITIVITY ANALYSES

1, In Seotion E of the text the sensitivity of the origimal ERR to changes in ocertain
aspuspiiona was discussed, The origiml ERRe are comaonly tested by changing an

agsumption such as the shadow wage rate and then comstruoting an entirely new cash or value
flow table for the new anmalysise The new ERR or NPW is then caloulated from thie new cash
flowe This is a complete but somewbat time—consuming method: Maoh faster computerised
methods to teat several types of uncertainties ars availadles One of thease was used to
carry out the sensitivity analysis of the Kenya II plantation project componentse Remuits
are shown in Tables 1 through 6 in this Appendixe These tables show chenges in four
investment performance measurss due to changes in main items of bensfits or cests, Changes
in benefits/conts are specified in percentage poimts, in this case 10 percent.

2e If 20 perocent had been specified inatead, sach change in the investment performance
measures would have Deen twice as largese Benefit dscreasea and oost increases have the
effect of lowering the investment performanae measures by the amcunts listed in theae
tables, while benefit increases and cost deocreases have the effect of ralsing the meamures
by the same amountze Fer example, if mirsery coet inoreased by 10 percent, in Table 1 the
NPW would fall by XSh 42.81 %o KSh 16 133e8 and if mrsery cost decreased by 10 percent,
NPW would rise by ESh 42,81 toc K3h 16 21942+ It is evident then, that a change of

10 percent in mrsery oost has little affect on EPW, and oonsequently it is likely o have
no effeot on the project deocision on shether or not to sccept the projeot (asswning that
the other costs, the benefits, the discount rete, etce ars as indioated in this analymis)e

3e The senzitivity tables also facilitate quick comparisons of the relative sensitivity
of the invesiment performance measures to the varions costs and benefitss For example, in
Table 1 the largest values in each ocolumn are found in row 27, harvest benefit. Thia
means that for a 10 percent ohange in any oost/benefit all four investment performance
measures &re most sensitive to a ten percent change in the harvest valuse Likewlse, the
meagures are least sensitive to a 10 percent change in the tools salvage value (row 29).

4o Begides indiocating the relative sensitivity of investment performanos measurss to
changes in costs and benefits, the tables can be used to direotly calculate NPW, NFW, SEV,
and SR for changes in one or more benefits or costss A common test is to cheok for
changes in one or more costm &nd/or benefits which cause NPW or NAW to become equal to zero
at a disoocunt rete equal to the projeot's alternative rate of returne If such changes
were oonsidered likely, the decision shether or not to implement the projeot could be
affeoted since the profitabllity of the project would have changed.

Be For example, the figures in Table 1 indicate that a 10 percent benefit decrease or
coat inorease in any or all benefits &and costs woenld reduce NPW very litiles In faot,
the camplete elimination of the final harvest would reduce NPW by KSh 15 08646 to ESh 90.
In other words, the rate of return on the sawlog sub-project if the only direct benefits
were sawleg thinnings would be about 8 percents Clearly, then, in order for the IR to
drop below 8 percent, very subatantisl benefit decreases and/or cost increases must ocoure

6o The exmot changes in prices necessary to reduce NPW to zero can be ecaloulated from
Pable 1¢ For example, the average stumpage price reduction whioh lowers the present value
of the thimmings and final harvest benefits by an amount equal to NPW is caleulated as
followss



Ackivity change in MPH

10 perosnt thinning value deoresss = 59555

10 peroent harveat value decrease = 1 608,66

10 porcent total removals value decrease ' - 1 2 204.21
(aasumed due decresse in stwmpage price)

uPW 16 176,61

WPH/( 108 tetal remcvais value deorease) = ég—%fg—: = = Te339

Therefore, & T3¢39 percent (1e.ee 74339 x 10) reduction in the average stumpage price would
rednce EPW to Sero.
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Table 1, Economio Analysia for Sawlogs (8% diecount rate)

Original analysis

KSh/ha

= net present worth (NPW) 16 176,61
- net future worth (NFW) 129 219,75
# moll expectation value

(sEv) 18 491,50
~ 8oil rent (SR) 1 369.74

SENSITIVITY ANALYSIS

T B-00 PERCENT BISCAUNT RATE:
KEN SHILLING/HECTARE

3. L]
L % '3
97
=07
Y]

- B9

12483

08

50422

13¢6. 2]
«07
-0y

«16

CHANGE IN:
HPY HFW SEV
DUE T A 10
PERCENT CHANGE 1N
R e e L e et S L LT e,
I NURSERY az.g1 342.01 a8.94
2 LAND PREPARE 35.85 286237 4098
3 PLANTING 11,41 91.15 13.04
4 PLANT SURVEY L%} & 51 [LE}
.5 BEATING UP beld 511 1+30
6 WEEDING 10-48 83.73 1196
7 PRUKING Jl.56 252+08 36407
4 PRE-C8M THINH 3-89 3te04 aeqh
9 MARKING BUT .22 256 +27
18 FIRE PRATECT 1509 B. 68 1-2a
L1 @TH. PRATECT g 12 T:90 1.t3
12 VE/EQUIP PUR 43.60 34B+ 25 &9+6a
13 VE/EQULP RUN 90.40 722,08 163,33
{4 VE/EQD INHER Ge 74 53.84 710
15 T@OLS/STORES 6s66 7 53+16 761
16 TBALS INIER +52 4:15 .59
i7 BUILD CENSTR B3.77 189,88 8717
& BYILD HAINT 22.T4 181.68 26,00
19 BUILP REPLAC 14.71 117047 16:8)
20 BUILD IMHER LI ] 71565 10.63
21 ROAD CPNSTRU 51e44. 410+54 5681
22  RAAD MAINT 7.51% 60,01 8.59
23 RPAD INHER B+ 56 68.04 9.78
24 STAFF REQUIR 15184 121052 173.22
25 @FFICE RUN 11440 91.03 13,02
85 THINNINGS 595,55 4757+ 31 68078
27 HARVEST 1608, 65 12850, 1) 1838-87
28 VE/EQU SALVE <84 be 74 T
29 TOELS SALVEG 07 » 52 L0
30 BUILD SALVG 1493 15.42 2,21
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Table 2,

(8% dimocunt rate)

Original anslysis

net present worth (NPW)
net future worth (NEW)

soil expectation value (SEV)
scil rent (SR)

DUE T8 A 10

PERCENT CHANGE 1IN

SENSTTIVITY ANALYSIS

Ksh/ha

24 660418
91 243411
33 793452
2 500,22

{ 8,00 PERCENT DISCOUNT RATE)

KEN EHILLING/HECTARE

NPw

Economic Analysis for Pulpwood — Eldoret Division
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(8% discount rate)

Griginal analymis
- net present worth (NPW)
- net future worth (NFW)

= soil expectation value (SEV)

-~ soil rent (SR)
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SENSITILUITY ANALYSLS
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Economic Analysis for Pulpwood — Turbe
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APPENDIX 4

4, Financial Amslywsis for Sawlogs (8% dimcount rate)

Original analymie
net present worth (NPW)
net future worth (NFW)

=

soil expectation value (SEV)

soll rent (SR)
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SENSITIVITY ANALYSIE
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Table 5, Financial Analysis for Pulpwood ~ Eldoret
(6% discount rate)

Original analyeis XSh/ha

- net prosent worth (NPW) 2 456432
= net future worth (NFW) 9 088.43
~ =soll expectation value (SEV) 3 366406
= 8oil rent (SR) 249.34

SENS1ITIVITY ANALYSIS

¢ 8.00 PERCENT DISCEUNT RATE)
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Table 6, PFinancial Analysis for Pulpwood ~ Turbo

(8% discount rate)

Original analysis ¥Sh/ha

= net present worth (NPW) 2 938,07
=~ net futurs worth (NFW) 10 870,92
= 8oll expectation value (SEV) 4 026.24
- 'soll rent (SR) 298.24

SENSITIVITY ANALYSIS
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APPENDIX 5
KENYA — SAWLOG AND PULPWOOD PLANTATION PROJECT
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PREFACE

This is one in & series of cese studies of foreatry and forest industries projects
that has bean prepared by the Food and Agriculture Organization of the United Nationa (FAO) -
in order to demonstrate methede of identifying, preparing and appraising projects in the
forest sectors The programme of case studiscs has been made pomsible by a special allocation.
to FAO for this purpose frex the Swedish International Development Authority {SIDA).

The Project repertsed on in this case study is a project of the Government of Zambia
vhich haz been supportsd by & loan from the World Bank. The caas study is based largely
on muterial contained in an appraisal of the Preject carried out by the World Bank (Report
¥o. 1429-ZA, 20 April 1977)s Additienal information was gathered through a visit to the
Project during 1977. The case study therefore describes the Project as it was perceived
@t that time. Thie material has been releaszed teo FAQO by the World Bank and the Govern—
ment of Zambia exclusively for tha purpeze of teaching ferestry planning methods. It may
not be queted or reproduced in part er in whole without permission.
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CURRENCY EQUIVALENTS

Currency Unit = Zambian Kwacha (K)
K1 = US$1.2444
US%$1 = K0.8036

ABBREVIATIONS

Ministry of Land, Fatural Resources and Tourism
Forest Department

Industrial Plantations Division

Kafubu Industrial Timber Enterprises

Eccnomic rate of return

Financinl rate of return

Internal rate of return

Free—on~board

Cost, insurance and freight

Per snmam

per day
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INTRODUCTICK

e This case study is besed upen a Project which forms part of Zambia's continuing
forestry and forest industry developaent progranme../

2a It is a five-year "iime-slice" project, covering planting and maintaining 19 500 ha
of industrial forestry plantations during 1978-82, maintaining eximting plantations during
that period, logging amd transporting 120 000 m3 annually from pre—proiact plantations,

and establishment and eperation ef & smwmill to preduce about 46 000 m? of mawnwood annually
from pre-project plantationss It is the second such five-year project within the programme,
and it is envisaged that it will be followed by further projects. The project costs over
the five-year periocd total approximately US$ 33.7 million.

3 The case stuwly is divided into three parts. Section A gives background information
on the ceuntry, the forest sector and the industrial forestry programme. Section B pro—
vides technicel details about the Projecti, including estimatea of input requirements and
output levela. Sectien C contwine analyses of Project costs and Project benefitas, and a
comparison of costs and benefits. This includes an examinatien of the sensitiviiy of the
ecenemic rate of return (ERR) of the Project, and of some of its component parts, %o changes
in amssumptions sbout input and output values.

4. Thie case study previder a basis for discusesion of a mumber of issuea that commenly
ocour in plamning and snalysing jeint forestry and foreat industry prejects. These centrs
reund the relationship ef the different compenents to each other (e.g., harmonizing the
timing and socale ef iree growing and processing, the relationship of the species properties
to the finsl product requiremenim, and valuing the roundwood which conatitutes the output

of the forestry component of the project and an input into the industries component). The
came study alse covers ether pointe which ofien arise in analysing afferestation projecis
(esgs the shadow pricing of land, labour and project outputs).ﬁ/ It also illustrates issues
related to the analysis of "time—slice™ projectia.

Ao BACKUIRCUND
General

5 Zambia is a lard-lecked country in central Afrioms The total surface area ia about
735 000 km?, and the population iz nearly 5 million. Zambia has a sub-tropical climate,
with & warm wet scason frem Nevember to April, a coel dry season from May to September and
& het dry season frem September to Novsmbsrs Average anmnusl rainfall decreaaea from about

7 300 mm in the nerthwest to about 800 mm in the central region, areund the capital, Lusaka.

G, GNP per capita im abeut 3540 (1975). Cepper mining dominstes the economy, accounting
for mere than 90 percent of ezpoeris and abeut 25 percent of GIP in 1975. Although manufac-
turing, services, transpert and communications have all been growing rapidly, agzregate
growth has been slow due to near stagnation in mining and a low growth rate in agriculture.
Agricultural production does net yet adequately reflect the country's huge and usable lend
ressurces. The "agrioulture, forestry and fishing" group accounts for less than 10 percent
of GDP.

17Policie| and prectices desoribed in this omse study are not necessarily thoae actually
employed in Zambia either at preament or during the period covered by the Project.

g/rer additioenal osverage of imdusirial afforsstation projeoct issues see also Case Study
No. 41 EKenya I Sawlog and Pulpwoed Plantation Project, and Case Study Ne. 5: Kenya Il
Sawleg and Pulpwoeed Plantation Preject.



Forest Heseurces and Weod Utilization

Te About 50 percent of the total area of Zambia is classified =3 forest land, the
greater part of which is epen woedland ("miembo™)s The naturel hardwood forests have so
far been providing all the country's requirements of fuelwood, most of its peles and some
of its sawrwoed, particularly mining timber, while mozi of the sawn timber and wood-based
panels and all the paper producsts are impertede Accezsible productive foresis are
shrinking, and Zambia's neede fer industrial weood of all kinde are rising fast and are
being met increasingly frem imperts. In 1976 imperta of forest preducts ameunted to

Us$ 13 millien.

He The Goverrnment of Zambia has accerded high priority to the development of foreat
resources 8o that in due course it can become Belf-sufficient in meeting its timber re-
quirements including the preductas of weod-based indusiries. It aleo recognizes that foreats
are important in providing protection ageinst scil ercsion and in maintaining river flowa.
To this end, the Government has estsblished a National Forest Estatel/ of over 8 million ha
(=ome 9 percent of Zambia's total land area).

e Ferest management is the responsidility of ihe Forest Department (FD) of the
Ministiry of Land, Natural Resources and Teurism (LNRT). Te solve the problems of long
gestation periods and difficult commercial exploitation asscciated with the indigenous
species, the Forest Department abeut 30 years age began the planting ef fast-growing
exotic species (mainly Pine and Fucalyptus). This wes followed in the 1960's by the
oreatien of an Industrial Plantatione Division (IPD) within the Department to handle
the then considerably expanded affsrestation programme.

10, Roundwood censumption was estimated in 1975 to be mbout 5 milliocn n3 of whioh som®
4.5 millien 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 poles for the mining industry (pit-props and gmelter and refinery poles), trans-
migsion poles (power,; itelegraph and telephope), building poles and fence postse The
current demand for sawnweod is about 100 000 m”, zbout half of which is imported.

11. Primary forest induetries in Zambia consist essentially of sawmilling and the ocon—
version of Eucalyptus roundwood to transmission poles and postse. Although IPD startad
sawnilling of exotic species in 1970, more than 80 percent of all sawmilling in Zambis
{i.e. all non-IPD sawmilling) ie still based on indigenous timber. Excluding pit sawing
and a few small lecal saws, about a dozen sawmilles account for over 90 percent of all
sawmilling.

124 Hany sawmills in Zambis have in the past operated below capacity, but the sBituation
has impreved cenmiderably in recent years, as cbviously misplaced gawmills went out of
business, and those remaining in businesa have begun to operate at or near full capacitye.
The only I¥D sawmill operating below capacity - Dela Hill - should reach full capacity
production in a couple of years uwhen more mature pine will become available.

134 For many years, memst of the transmission poles (electrioity, telephone, etc.) used
in the country were imported. Inoreasingly, however, locally—grewn Eucalyptus poles are
being substituted for the importea.

1/fh- foreat estate or reserves within which exploitation of foreast resources is
closely supervised by the Foreai Department.



14, Zambia's secendary forest indusiries consist of a blockbeard factory, a door
mapufacturing company, and several joinery and furniture manufacturing enmterprises all
using mainly }lportod weesd. In the ten years 1964~T4, Zambia imperted anmually on average
pome 10 000 m” of plywsod and bleckbeard, about 800 ms of particle board, some 5 200 m3

of fibrebeard, and about 25 000 tons of paper. These imports suggest some scope for import-
substitution industiries, using the smallwood and sawmill waste in the manufacture of one or
merTe types of wood-based panel with or witheut a pulp and paper 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 &rises mainly because saw—
milling alone does not utilise all forest thinnings and results in about 60 percent waste,
and woed panel industries are relatively small users of such waste., Moreover, past studies
have shown that, by the wmid-sighties, domestic demand for kraft and industrial papers would
be adequate te justify a pulp mill ceming on stream. However, its cost may exoeed Zambia'as
capability to mobilize the necessary finsnce in the next few years and so far no technical
or commerciasl partner has been firmly identified. Acoordingly, the timing of the establish-
ment of a pulp mill is uncertain andi investments in afforestation should bée justified on the
basis of sawmilling and wood-based panel manufacture zlones

The Industrial Ferestrv Programme

Origing, Concept and Objectives

164 In 1949, the Forest Department started growing Pines on the Copperbelt, at firat on
an experimental scale near Ndole, and then on an increasingly larger scale around Ndola
and west of Kitwe (ses map)s The Govermment decided to embark on & long-term industrial
forestry programme on the Copperbelt and, in order to implement this programme, the
Industrial Plantations Divieion of the Forest Department was created in 1962. 1In the
sixties, Bucalypts were alsc tried and from 1967 onwarde were planted on a large scale.
The main species were Po kesiyn for Pines and E. grandis for Eucalypis. The target was
the planting of 40 000 ha by 1993, of which approximately 3/4 would be Pine and 1/4
Bucalyptus. The Government is now comsidering inoreasing the target to at least 80 000 ha
before the turn of the centurys The objeotives of this planting programme are to supply:

(a) most of Zambia's needs in sawn lumber, using mainly Pine when Pine
sawlogs beoome available in sufficient quantity;

(b) smallwood and sawmill waete, both of Pine and Eucalyptus, for a pulp and
paper mill and for various board mills;

(o) polee (Eucalyptus) of all kinds for smelting, telephone, transmission
and other uses.

s By the year 2000, it is believed that mesit of these needs can be met from domestic
supplies, provided the planting programne is implemented. Regarding sawnwood, however, ii
is expected that some imporis will still be required to supplement domestic production.

18. By 1975 IFD, 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 forge of just over 1 000s Its activiiies included afforestation, con-
struction and road work, forest exploitation (logging and transport), wood processing and
marketing.

Phase 1 Project

19, The Project, which was managed by IPD, was part of the Zambian Government's
Forest Development Programme and provided for the annual planting of 1 000 ha each of
Pine (mainly P. kesiya) and Bucalyptus (mainly E. grandis) over an 8—year period (1963-1976).
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The Pine would be grown on a 30-year rotation at a mean anmial volume increment rate of
approximately 17 m>/ha, while the Bucalyptus would be grown on a 12=-year rotation with a
mean anmal increment of 18 m3/ha. It was anticipated thet over 90 percent of the Pine
production and about half of the Euocalyptus production would be used for sawlogs and
construction timber, the balance being for poles of various kinds.

20, The total plantation target of 16 000 ha was reached in 7 years instead of 8, but,
based on & reassessment of wood requirements, the ratio of pine to eucalyptus was T2:28
instead of 50:50. The pine management regime was also revised, in order to reduce the
quantities of smallwood produced early in the rotation. The msan annual increment of P.
kepiya is now considered to be around 14 n3/ha 3 w3 lega), after due allowance for loEsea,
But that of E. grandis is probably around 25 m/ha (7 a mors). P. kesiya is now grown on
a 25 year rotation.

21, Two new species were introduced inte the planting programme on a fairly large scale:
Pinus cecarpa and Zucalyptus cloeziana. This was partly to achieve diversification to
reduce the risks of disease, poor performance, etc. In addition E. cloeziana has better
stem form than B. 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 ocatch up with E. grandis later in the rotation. Similarly, P. cocarpa has better form
than Ps kesiya (small branches; less susceptible to wind sweep), and ies also a slow
starter which tenis to catch up later.

22, Costs have proved to be high, mainly due to the intenaive land clearing and prepara-
tien necessary in order to achieve high yields. Research is currently focused on reducing
these oostas, and on offsetting them to a greater degree by using more of the wood from the
cleared woodland for charcoal production and sale.

23, The main issue that plagued the first project was that of uncertainties surrounding
development of industries to process the project outpute As sufficient processing
capaoity 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 itiming,

socale and teohnical specifications of the expected panel and pulp industries hindered

the plamning and management of the plantations. :

Bs THE PROJECT

General Deacription

24, The Project would, during the five years 1978 through 1982, contirme IPD's long-
term planting and maintenance programme, expand IPD's logging and sawmilling capacity, amd
conduct studies designed {o lead to wore economical and efficient land clearing and charcoal
productions The Project would provide for:

(a) about 3 500 ha of new plantations anmelly, of which about 3 000 ha
would be pine and about 500 ha eucalyptus;

(b) replanting anmially with eucsalyptus of approximately 400 ha of clear-
felled plantaticnms

(c) =aintenance of (a) amd (b), together with all existing IPD plantations;

(d) deoubling of IPD's logging ang transportation capaoity from about
60 000 m3 to sbout 120 000 m° roundwood per year;

(o) oconstruction and equipsent of a sawmill of about 46 000 ad

sawnWoed oapacity;

per year

(f) staff training and fallowships to facilitate (a) to (e) above; and

{g) remsarch, experimentaztion and studies designed to reduce land clearing
costs md to¢ improve charceal production methods.



25. Plantation maintenance cosis have beenm capitalised in aocerdance with normal
plantation ‘praotioe and inoluded in Preject costs for the plantation development period.
A1l eperating costs beyondi the five year Project period are exoluded from Projeot costs.
The Project would Be implemented by IPD.

The Prejeot Area

26, The Project area (pes map) is situated on the Copperbelt around the towns of Ndola
and Kitwe. The new planiations would be extensionms of the existing plantations. There are
two main blockst the first is north and west of Ndola and is generally extending towards
Eitwe (this is @ostly under Pine); the secord is located some 20-50 ka west of Kitwe, centre:
around Chati, with & smsll forest industrial complex (KITE), and is extending mainly morth
ard south (most of the eucalyptus ies planted here, though there is also some pins).

27 Foreat plantations are only created inside National Forests. There is, therefore, no
land tenmure problem: Furthermore, there is an aburdant supply of other arable land in the
area, and consequently no pressure to use National Forest land for oultivations. The planta-
tions are on good sails, which are readily available on the Copperbelt. Over 500 000 ha of
land, or alsoat 20 percent of the totsl area of the Coppsrbeli Province, are reserved under
the Foresta Act, of which less than 20 000 ha would be planted under the Projesct. O0Of some
300 000 ha sampled, abeut 90 000 ha have been found suitable for tree—plantinge 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. Aversge ammual rainfalil in the Project area is about

1 200 = 1 300 mm, falling mainly from late Ootober to early Aprile Mean temperatures are
150’0 in winter and 23°C in summer. Although violent thunderstorms and torrential rains are
common during the wettest menthe, strong winds are rare, and there are only about three
nights of frost a yesr on the average. In short, conditions inside the Project area are
excellant for growing pines and eudalyptus.

28, There is ne need within the foreseeable future io plant fuelwood on the Copperbelt,
28 large arsas 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
Cepperbelt. This region aleo contains the greateat concentration of population, industrial
development and wealth, hence of potential markets. The area is well served by public roads,
forest roade and tracks, and a railway line.

29 Once the choice of a site for the propowed pulp and paper mill has been settled, it
would be demirsble to locate all future sawmilla, the pulp and paper mill, and wood-based
panel manufacture within the same complex, in order to minimigze wood trarsport coste and
fully utilise the infrastructiure within the complex. In the meantime, the Projeot sawmill
will be leoated at Chati because it is nearest the immediately available roundwood source,
and there i’ already sufficient infrastructure — officizl buildings, rcads, water and
eleotricity — as well ar labour and scarce managerial talent there which cen be utilized
by the new sawmill.

Afferesiation, Reforestation and Maintenance (See Annex 1)

30, The detailed planting and replenting would be as follows:

- ‘ : Arez (ha) -
Euoalyptus
Year Pine (new) Hew Plantations Replanting Total
1 3 000 500 200 3 700
2 3 000 500 300 3 800
3 3 600 500 400 3 900
3 3 000 500 500 4 000
5 —3 000 —200 6% 4100 -
Total 15 000 2 500 2 000 19 500



s It ias assumed that about 60 percent of the pine would be Pinus kesiya and 40 percent
Pinus oocarpe and other species, and that about 2/3 of the Eucalyptus would be E. grandis
and 1/3 Ee 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.ge Ee. cloeziana for poles).

32, "Miombo" woodland would be cleared prior to planting. The soil would then be
prepared by disc~harrowings Both pine and euocalyptus would be raised in polythene tubes.
The planting distances would be 2m70 x 2m70 (1 370 plants per ha) for pine and 3mé0 x 3me0
{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 graduelly taken over by IPD during the Projeot. 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.

3. Pine would be pruned at 5, 8 and 11 years, thinned at 11, 14 and 19 years, and
clearfelled at 25 yearse. Eucalyptus would be pruned at about 2 years, thinned at 5 and 8
years, and clearfelled at 12 years,.

Road Construction and Maintenance

35. 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 coats per
annum for all categories of roads.

Protection

16, So far pines have been remarkably free from pests and diseases. Nursery technigques
are Bo 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.

37. Eucalyptus, on the other hand, particulariy E. grandis, are liable to attack by both
insects and fungi. The Eucalyptus Longhorn Bark Beetles (Phoracantha 5pp. ) may cause serious
losses in some Eucalyptus plantations at Chati, to such an extent that certain areas are no
longer planted or replanted with BEucalyptus. Mostly 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,
egpecially in view of the relatlvely short timber rotation adopted for this species (12 years).

38. The fire hazard is high on the Copperbelt, particularly in pine plantations 5 to b
Years old. External firebreaks 15 m wide would be constructed and maintained around all
plantationss 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 merious fire hazard. Finally, fire
control would involve maintaining fire-fighting vehicles, equipment and fire towers, as
well as manning fire crews.



Project Hanagemégﬁ

39. Provision would be made for all IPD perscnnel during the plantation developuent
periode The staff would include 2 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 staffe Provision is included for
salaries and all the usual civil service allowances. Provision would also be made for
the cost of all surveys and for the rumning of the IPD Training Uentres. daselins project
administration and overhead expenses are estimated at K Ze4 million. These costs exclude
logging, sawmilling, and otheér operating costs which should be recovered from annual
revenueds

Buildings and Housing

40, Additional housing would be provided for IPD staff and workers. Provision would
also be included for normal building meintenance. Total baseline costs of house construc—~
tion and maintenance are estimated at K 2.7 million. (Details in Annex 1).

Bquipment and Vehicles

41, The project would recquire investment in equipment for afforestation (land clearing,
soil preparation, transport of labour and materials, amd all fire protection measures),
road construction and maintenance, construction of buildings, for workshops and garages,
and for administration. (Details in Amnex 1} Provision would also be made for tools,

of fice and workshop equipment and an adequate supply of essantial spare parts. The
project workshops would be responsible for the repair and maintenance of project vehicles
and equipment.

Logerine and Transport

42, 411 logging and log transport will be carried out by the Logeine Section of 1PD.

Its logging arnd transportation operations comsist of fellins and bucking with chalnsaws,
bowzaws, 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 hydriulic crane. In 1979 the Logging Section felled, extracted and trans-
ported about 60 00U m” of roundwood, mostly in the Chati-Lamba division, As of June 1976
the Logging Section employed some 120 persoms, including six supervisory staff.

43 The Project provides for the loggming and transport capacity of IPD's Logging Section
to be doubled to enable it to supply the project sawmill, through the phased acquisition of
18 small to medium. sized tractors, 4 small hydraulic tractor-mounted loaders, 12 loggzing
trucks of 15-~ton and 2 of 35-ton capacity, ¢ tippers of the dump truck variety, each of

10 m3 capacity, two 5-ton trucks and a small grader, 2 four—-wheel drive tranasporters and

3 motorcycles.

Sawmill (See Armex ?2)

44. Existing IPD sawmill capacity will be fully utilized by 1978 Log supply projec—
tions indicate that thereafter additional capacity will be needed. The groject therefore
includes provision for a new sawmill capable of producing about 23 000 m”? sawnwood annually
on a single shift of 8 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 Bucalyptus loge in the first instance, and mainly pine starting from asbout 1982. 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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45, The Project would provide for the training coste of Zambians required to replace
expatriate staff on short-term contracts now heading many of the units and sections in IFD,
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 Clearings and Charcoal Production

46, Land-clearing operations as currently practised on the Copperbelt 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 ahout

X 225 000 for equipment, materials, labour, supervision, and 6 wman-months of consultancy,
to be spent on land clearing and charcoal production trials. :

Future Supply and Demand of Wood Raw Materials

47 Allowing for normal losses at va.rlous atages of plantation activity, the mean
annual increment is expected to be 14 m3/ha for Pinus kesiya and 11 n3/ha for other pines
on a_29-year rotations For Eucalyptus, it is expected 10 be 25 m /ha for E. grandis and
15 m3/ha for other Bucalyptus species on & 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. (See Annex 3, Table 7). 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, cutput from the Project should develop as shown in Table 1,
ard overall IPD wood production is expected to increase as imdicated in the tables below,
where it is coupared with projections of national wood demand:

Yolume '000 nd Roundwood Equivalent

1975 1950, 1990 2000

National Deman@

Fuelwood 4 500 5 Q00 6 000 7 000
Sawnwood 250 325 530 860
Poles 70 90 145 235
Other (paper and wood=

based panels) 200 235 415 675,

IPD Productiqn

Sawnwood 80 135 420 465
Poles 25 30 40 45
Smallwood and sawmill waste 100 195 515 T00
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TSTIMATED PROJFCT OUTPUT —

(1000 m°)

Year Pine ‘Bucalyptus

Sawlogs Smallwood Savlogs Poles Smallwood
1978 = = - S -]
1979 - = - ) -
1980 - . - .- -
1981 - = - = -
1982 - - = = =
1983 - - - = =
1984 = - - - -
1985 - - 18.9 14,0 18.9
1986 = - 21,6 16,0 21.6
1987 = = 24.3 18'1'0 24-3
1988 78.0 108,0 2740 20,0 27.0
1989 78,0 108,0 29,7 22,0 37.9
1990 78.0 78,0. 66.4 2440 ”1.6
1991 180, 192,0 7447 27.0 2443
1992 180,0 192,0 83.0 30,0 27.0
1994 102,0 84,0
1995 1070 Ba.N
1996 108,0 60.0
1997 108,90 60,0
1999 108,0 60,0
2000 108,0 60.0
20012 107,63/ | 29.0
200228/ 213,43, 56.0
9003 126,01/ 5640
2004 126,03 5640
2005 326,07 5640
2006 126,03 5640

1/ Derived from the average vield figures given in Annex 4, Table 1, and the areas planted annually
during 1979-32 (Annex 1)
3/ fme third of planting yvear 1978 felled in year 24 (2001) rather than year 25 (2002)

Losg of I of useable volume assumed in clearfelled pine sawlog volume due to 1ogg1ng damage

=0l =

L e1quy,



45, The above figures show that IPD's key output is going to be sawnwood, of which IFD
produced about 30 percent of the national coneumption in 1975. IPD's preportion is likely
to go up to some 50 percemt in the year 2000, by which time the output from the rapidly
diminishipg and virtually irreplaceable natural woodlands would be even less than ihe

170 Q00 m3 of gawlogs those woodlands contributed in 1975. Even if the sawlog output from
the indigenous forests were to remain constant at 170 000 w3, it would still be necessary

to import amnmually some 225 000 a3 of Bawloge by the year 2000, after allowing for the ocut-
put from this Projecte.

5C. 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 IPD. However, imports
of sawn timber or sawlogs 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 Turope and Nerth
America -~ the traditional sources - costs considerably mere than IPD's produrt and caters
for the luxury =mection of the sawnwood market. There are no known alternative snources of
Bucalyptus logs or poles. As long as IPD'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 peles
it can produce,

51 As regards the proposed pulp and paper mill, production is expected to be entirely
for the domeatic market which is protected by high ftranaport costg from external sources
of supply. The ocutput is alao expected to consist of kraft and octher commercial grade
papers which are different from itypes of paper planned for mamufacture in mest of the
surrounding countries

C. PROJECT COSTS AND BENEFITS

52 The Project iz a time~siice of 2 long-term planting, replanting and wood process-—
ing programme started in 1949 and intended to extend many years after thig "roject, and to
involve the planting of a total of about 80 000 ha of pine and eucalyptus with their
agsociated processing costs.

53 The heterogeneity of the Project's components, while inevitable in a time—alice
project of this nature, is such that they are nct direstly related te each other, and da
not, either together or individually (except possibly for the Preject sawmill), contain

a complete cost or benefit stream. It is therefore not possible te raleulate a vate of
return on Project components slone without introducing some sosts which were cither in-
curred prior to the Project (e.g. wood from the pre-Froject plantations for the sawmill),
or costs to be incurred 10 or more years hence and therefore not included in the Project
(esge; sawmills to saw wood from the proposed 19 500 ha of plantations), or cemponents
which are still somewhat problematic (e.z., the pulp and paper mill to process amallwond
and sawmill waste from the same proposed Project plantaxion“). These costs and benefits
which, although ~utside the Project, have to be dbrought into any meaninzful ra‘*e of return
calculations, have therefore been introduced and cembined with the Projsct nosts and bene-
fits proper in rate of return calculations for ithe Froject and necessary assncciated
investments. (The exact non-Project costs thus introduced into the calculations are
identified in Table 1.)

544 The primary direct benefits from the Project would congist of pine and eucalyptus
sawnwood, sucalyptus transmission poles and building posts, as well as smallwood and saw-
mill waste for the proposed pulp and paper mill. The plantationas 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 or other of the wood processing in-—
dustries. The direct nenefits have therefore been measured - beth in the financial and
economic analysis — at the processed product stage and not at the roundweed production

stage. Costs consequently include costs of logging, and costs of roundweod transpert and
processing.
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55 Becanse of the uncertainties about the pulpmill, Project coste 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 Coats

Financial Cosgts

56, The Project is estimated to cost X 27.1 million (US333.7 million), of which

¥ 13.0 million (US$16.2 million) would be in foreign exchange. Project costs are summarized
in Table 2. Project base cests, which do not include any duties or taxes, are estimated "
ag of March 1977. A physical contingency of 10 percent has been added to all costs, and
gtarting from April 1977 price contingencies totalling about 15 percent of baseline costs

have been added..

51 The derivation of the afforestation costs is shown, item by item, in Annex 1.
Sawmill costs, and the associated logging and transport comsts, are given in Annex 2, and.
pulpmill costs in Annex 3.

58s The following stumpage costs of wood to be supplied to the Project sawmill and to
the pulpmill from plantation=z established prior to the beginning of the project have been

calculated:
Rate (K/m’)
Catezory Pine Eucalyptus
T. All produce IT. Smallwoodg/ I. All produce II. Smallwoodg/
galeable unsaleable saleable unzaleable
Sawlogs 18 22 6 8.
Large poles - = 1Q 13
Smallwood 5 - 3 -

59 These stumpage rates have been caloulated as the replacement coat 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 unsalesble) was used in the
Project sawmill calculationé/. The smallwood value was used az the stumpase value of
pulpwood.

60. Total anrmual financial costs are shown in Table 3.

J/Price contingencies are excluded from the FRR and NPV calculations,

g/If‘ smallwood could not be 50ld ~ i.e., if the pulpmill did not get built, all
costs would have to be recovered from sales of sawlog and pole products.

é/The gawmill would be mainly using sawlogs from plantations from which the smallwood
had been thinned ocut before the pulp mill came on stream.



SUMMARY PROJECT COSTS

(x*oc0)
1978 1979 1980 1981 1982 Total  Foreign Exchange
Year 1 Year 2 Year 3 Year 4 Year 5 Amount Amount %

Plantations 1/ 3,679 2,601 3,248 2,78 2,672 14,938 6,248 42
Logging and Transportation 2/ 707 281 - - - 968 963 98
Sawmilling ;/ 2,600 256 5% B6a 1,212 5,445 3,025 56
Staff Training and Fellowship 20 a0 70 — = 80 64 86
Studies and Trials on Land Clear— . 7

ing and Charcoal Production 66 99 g0 - 225 99 a4
Total Base Costs 2079 3077 - ds8a1 3,602 %58 81,576 10,404
Physical Contingencies 4/ 107 328 85 160 388 2,168 1,940 49
Price Contingencies 5/ 1,060 A92 576 540 5683 3,251 1,560 48

Total Project Costs 8,8 4,097 4,300 g,500 £,855 27,096 13,004 43

| Tl ng) =

Annex 1

Capital Cos%s onlwy
Annex ?

107 of Base Costs
1% of Bage (cote

—

g 9TqBL
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FIFANCIAL CASH FLOW FOR THE PROJECT (X. MILLION)

-

a0

. Project Physical Wood Cost  Total Cost of Total  Revenues Hevenues Total Revenues  Total
e Bage Contin- for Project Pulp Costs from of Project  from Project
Costs 1/ genciesg/Eﬁnject Costs Mill&/ Includ- Project Project Revemue Pulp Revenue
Sawmill  Without ing a Affores- Sawmill Without and Paper Including
Using Pre-= Pulp Pulp tation Using Pulp Mill Pulp Mill
Project Mill Mill ’re=Project Mill
W e @ MY 5 (e o ® 8 e an 2
1978 Ts0 0.7 - TaT 2.4 10.1 - - - - -
1979 3-3 Ol3 O|4 400 1504 19.4 e 1.0 1-0 - 1.0
1980 3.8 0.4 0.8 5.0 2743 3243 - 2.1 241 - 241
1981 346 0.4 1.4 5.4 18.4 238 - 3.1 3.1 = 3.1
1982 3.9 0.4 2.0 6.3 1244 1847 - 445 45 st 15.6
1983 2.6 0.3 2.0 4.9 9.4 1443 - 4.5 4.5 14.5 19.0
1984 43 0.4 2.0 6.7 9.0 1547 = 4.5 4.5 16,1 20.6
1985 2.8 0.3 2.0 51 B.9 14.0 1.5 445 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 1739 24-0
1987 3.4 0,3 2.0 5¢7 8.8 1445 149 4.5 6ed 18,2 24.6
1986 S5el 0.5 2.0 Teb 7.8 15.4 5.7 4.5 6.2 18,4 24.6 ¢
1 1989 5.8 0.6 2.0 Bied, T8 0 16,2 9,3 445 13,8 18.6 2.4
1990 4.6 Ot 240 T.0 5 14,8 8.8 4epr  FEm 18.6 By
1991 549 0.6 2.0 B.5" ki 16,2 12.8 445 173 18.6 3549
1992 - 641 0.4 2.0 Bl TeT 16.4 13.3 4.5 17.4 18.6 3640
1993 4.7 0.5 2.0 Te2 Te9 15.1 9.7 4.5 14.2 18,6 32.8
1992 2.0 0.2 2,0 4.2 7.9 12.1 4.7 445 3.2 18.6 28.8
1995 = 2.0 0.2 - 2.2 749 1041 447 - 4s7 1846 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 Blell 1042 5.0 - 5.0 18,6 23.6
1998 1.9 0.2 - 2t 8.1 102 5.0 = 5.0 18.6 23.6 ¢
1999 bole g, 0.2 - 2a1 B.1 10.2 540 - 540 18,56 23.6 3
2000 1.7 Q.1 - 1.8 8.1 9.9 5.0 - 5.0 18.6 23.6 5
2001 1.9 0.2 - 2.1 8.3 10,4 5.0 - 5.0 18.6 23.6
2002 7.0 0.7 - TaT 8.1 15.8 10,1 - 1041 18,6 2847
2003 6.0 0.6 - 6.6 8,0 1446 1541 = 15,1 18.6 33.7
2004 4.5 0.4 - 4.9 8.0. 12.9 151 - 151 18.6 33.7
2005 ded 0.4 — 4.8 8.0 12.8 1541 =~ 15471 18.6 33.7

/ Costs from 1978 to 1982 are from Table 2. Thereafter costs include all operating maintenance and capital

replacement expenses of Phase II plantation and project sawnill, as well as logging, pole treatment, and sawmilling
costs of all project trees and coste of logging old wood for the single project sawmill.

10% of base costs.

Bzged on new recommended IPD stumpages, i.e. K?2/@3 for pine and Ki13/m3 for eucalyptus (see Annex 4),
Puipwood purchased from the project output is given zero value as the pulpmills cost would be IFD's reverme

and would concel each other when consglidated as here in one FBR calculation,

Pulpwood purchased fro

plantations is valued at the recommended IPD stumpage, i.es K5/m3 for pine and K3/M3 ror eucalyptus, Tﬁggg;pgsgect

eTqey

-?l-
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Economic Costs

61a To-arrive at costs at economic values, from the financial costs, the costs of
traded inputs have been converted from foreign to domestic wvalues by using a shadow foretsn
exchange conversion factor of US$1 = ¥ 0.9 instead of the official U331 = ¥ 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 i=s shadnw prired

in this way, is shown in Table 2 (in the "Foreign Exchange" column), and in the detailed

coat tables.

62, In addition, unskilled. labour has been shadow-prised at 60 pernent of antual rost
to reflect the relative abundance of this claszs of labour. The labour component of costs
ig identified separately (under the heading "labour”) in each of the cost annexes.

63, No account has been tazken in the financial or economin calculations of ithre rost .
of land. Actual payments for land used for the plantationas have been few, and would not make
any difference to the calculations. Also, the alternative cost of the land either in
agricultural or charcoal production terms is equally small., However, this aspest wanld

need to be kept under review if planting contirmes to expand beyrnd the scope indicated

in this Project.
64. Total anmual economic costs are shown in Table 4.

Project Benefits

Financial Reverues

65 As has teen noted above, revenues/benefits from the Project oecour from sales of 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 from the
Project plantations are based on the prices prevailing at present in Zambial/far produce
from the existing industrial plantations, as follows:

Bucalyptus lumber, green and rough K per m3
Boards longer than 1.5 m (longs) 86
Shorter boards (shorts) 48
Waney edge boards 25

Eucalyptug poles

from first thinnings 65
from second thinnings 85

Pine lumber, green and rough

Boards longer than 1.5 m (longs) 126
Shorter boards {shorts) 63

664 It has been agsumed that the euncalyptus lumber from the Project sawmill will consist
of 65 peroent long boards, 25 percent shorts and 10 percent waney edge boardias. Similarly,

it was ageumed that pine lumber from the mill will consist of 75 percent longs and 25 percent
ghorts.

674 The estimates of guantities of lumber and poles are derived from the estimates of
roundwood yields shown in Table 1, and an assumption of a 42 percent yield of sawnwood
from sewlog volumes in the course of processing the latter. The resulting anmial revenuess
are ghown in column 8 of Table 3.

1/Thia would prove to be a very conservative consumption if local sawnwdod prices rosge in
real terms at the rate predicted for world prices on page 17.
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ECONCMIC VAIUE FLOW FCR THE PROJTECT
(K million)

F—inanciallE‘inancial Other Foreign Labour Project [Pulp mill | Project | Project | Pulp milll Project
Year | labour |[foreign project |exchange | shadow economic jcosts economic | benefits | benefits | benefits
costs exchange [financial [shadow priced costs shadow costs without with
L cozts costs priced without {priced with pulp mill pulp mil
1/ 2/ Y/, &/ pulp milll 5/ pulp mill 6/ 3/ 5/

W | @ |6 W | & | T MW l®m [ | @ |t | o
1978 l+3 5.6 0.8 6.3 0.8 7.9 e 10.6 = = =
1979 158 1.8 0.9 2.0 0.8 k7. 17 2 20.9 12 = 1.2
1980 1.6 2.2 1y Q) 1.0 4,7 30.2 34.9 2.7 = Pl
1981 R 0.8 252 0.9 1.3 4.4 20.5 24.9 4.0 o 4.0
1982 2.0 1.0 38 el w2 5.6 12,7 18.3 5.8 12.5 18.3
1983 531 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 i3 3.5 1.0 6.4 8.7 485,31 5.8 18.1 23.19
1985 1.2 257 1.7 2005 0357 4.9 8.5 13.4 8.2 19.1 27.3
1986 1.4 2.5 L, 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 1557 3.6 7.8 11.4 8.6 20.7 29.3
1989 27 4.1 20 4.6 ilvetd) 8.0 7.8 15.8 18.9 20.9 39.8
1990 1.8 3.3 149 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 23 4,2 2.0 4,7 1.4 8.1 7.8 15.9 24,0 20.9 44.9
1993 1.5 3.4 1.9 3.8 1zl 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 2708
1995 0.7 1.3 0.2 1.5 0.4 Zeil 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 T2 0.3 1.4 0.4 251 7.8 9.9 5.9 20.9 27.8
1998 0.6 i 2 0.3 1.4 0.4 2.1 7.8 Dl 6.9 20,9 27.8
1999 0.6 1.2 0.3 1.4 0.4 2.1 748 9.9 6.9 20.9 27.8
2000 0.6 1.0 0.2 il 0.4 157, 7.8 9.5 6.9 20.9 27.8
2001 0.6 1.2 0.3 1.4 0.4 2ol 7.8 9.9 6.8 20.9 27.7
2002 2.4 4.4 0.9 4.9 1.4 72 7.8 15.0 13.8 20.9 34.7
2003 2.0 S100] 0.8 43 iy2 6.3 7.8 14.1 20.6 20.9 41.5
2004 1.5 2.8 1 0.6 SNl 0.9 4.6 7.8 12.4 20.6 20.9 41.5
2005 el 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 1253 20.6 31.6 52.2
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 US$1.00=K0.8
4/ At 60% of financial labour costs.

5/ See Annex 3, page 3.

'E/ I?D prices assumed to rise as set oulin Annex 2, Table 3, footnote 6,

eTqEL
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68, Column 9 of the same table showz the additional reveme obitained from sawnwood
prodiced by the Project sewmill using sawlogs obtained from plantations established prior
to the Projeot. These revenues are arrived at from the unit prices shown above and the
volumes given in Annex 2.

69, The revermes from the pulpmill (column 71 of MTable 3) are Herived in Ammex 3.

Economic Benefits

70. As the final omtputs of the Project will replace imported supplies, in order to
arrive at their economic value they need to be valued in termg 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. Sgch timber can be delivered in the Zambian Copperbelt at a
total cost of about X 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.

T In addition, an ellowance hes been made for an expected rise in the real value of
sawn timber. The World Bank hags forecast that the price of sawn timber will rize, at
constant 1974 values (US$), as follows:

1978 1975 1980 1985 (and after)
168.1 170.8 17448 184.1

72, Project mawn timber output prices have therefore been assumed to rise =t the mame
rate, i.e. as follows (1978 = 100):

1978 1979 1980 1985 (and. after)
100 102 104 113

T3 Paper prices used in the financial analysis were based on world market prices, and
therefore no adjustment was needed in thias respect in the economic accounts. The value of
all importable project outputs -~ sawnwcod, poles and paper — was valued using the shadow
price for foreign exchange of US31 = K 0.9 instead of the official US$1 = ¥0,.8,

T4, Annual benefits are shown in Table 4.

hIndirect Benefits

15 The Project is expected to be neutral in its enviromnmental impact. The new planta-
tions would help to preserve water catchmenlt areas and prevent soil erosion, tut since
indigenous ferests (which were themselves quite adequate for these purposess would have to
be remcved to plant the new trees, there is really no incremental benefit, nor any adverse
effects from this source. Similarly, the other components of the Proient neither improve
nor worsen the environment.

Comparing Costs and Benefits

76a On the basis of the total cost and total revenue/benefit streams shown in Tables

3 and 4, the Project and necessary associgted investments would earn an internal finaneial
rate of return (Fqﬁﬂ of 10.5 percent and an internal economic rate of retumm (?RR) of
1443 percent.

1T The sawmill tc be financed through this Project, together with its aagsociated logging
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 2).
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78, The pulp and paper mill, processing sawmill waste and smallwood first from pre—
Project plantations snd later from Projegt plantations as well, would earn an FRR of
10.4 percent and an ERR of 11.7 peroentl/. (Annex 3).

Sensiﬁ}vity Analysis

79 As was noted earlisr, consideration has to be given to the possible effects on the
Project if, due to lack of funds, lack of technical expertise, or any other reasons, the
proposed pulp and paper mill does not materialize., Casgh flow statemeants of the project
with and without a pulp and paper mill are shown in Tables 3 and 4. Withoui the pulpmill,
the Project and iis necessary 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 mich reduced investment and level of acti:é}ies. The reduced economic impact is
shown by the fzoct that the discounted net valueZ with the pulpmill is X 61 million, and
without the pulpmill K 26 million.

80, In addition, the ERR of the Project with a pulp and paper mill has been tested
for gensitivity to changes in the cost and benefit streams with the following resultss

P LS
Basic Model 14.3
Costs increased 109 12.5
Costs increased 20% 10.6
Benefits reduced 107 12.1
81. Tt would seem that the ERR is not sensitive to small changes in cosis or

benefitss A substantial reduction in benefits could result from fires, disease or in-—
adequate production. However, this risk iz common to all forestry projects. IPD's fire
record has been normal in the past, and the conventional fire preventive measures have
been built into the Project.

l/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 5 zero stumpage value in the economic calculation
because it would have no use other than in the pulpmill (Annex 3).

3/Discounted at 8.5%, which is the interest rate-to be raid on most of the money invested
in the project.
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ANNTX 1

. AFFURESTATION AND REFCRESTATI(N

As Egﬁgbliahment.of Plantations

i,

1o nd Clearing. Afforestation nearly always takes place in "miombo" woodland (see
Annex 15 with more or less cpen canopy and treses 15-20 m highe The land must therefore
be completely cleared before planting.

2. The land clearing method which is used on the Copperbelt is very thorough and
expensive, but IPD claims that it should not be changed as this would reduce growth and
yields. The work has so far been carried out mainly under contract (IPD has recently
sterted undertaking some clearing with direct labour and some land is also cleared’ oy
charcoal burners), and the cost per hectare was approximately K200 in 1376s The
following operations are included:

(a) Knockdown. . A heavy chain, weighing about 50 kg per link and some 200 m long,
is pulled by two 300 HP bulldozers moving forward at-an average distance of
30 m aparts The chaln can easily pull down all small and most medium-sized
trees in its path. One or two 200 HP bulldozers follow some 60 m behind the
others and help to pull down larger—sized trees.

(b) 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 suffictently dry it is
all burnt in the rowss (Tt 1s hoped that during the phase II project the wood
will increasingly be converted into charcoal.)

{(c) Stumping. Any stumps remaining in the ground after the passage of the
bulldozers are removed by hand and piled on %o the windrows, and the holes are
then filled by hand,

{d) Ploughinze The whole area is ploughed after the stumps have been removeds

3. All these operations have until recently been carried out under contract, except for
some of the ploughing whioh has been done directly by IPD. In order to reduce costs and
be less dependent on contractiors, IPD would like graduelly to take over all the land
clearing operetions, phased over the Project periode However; in view of the heavy
investment involved and of the period of training required, it is assumed that the average
coat per ha will be more or less the same throughout-the Project period, regardless of

who performs the work. Thus, assuming an average total area of 3 500 ha cleared anmally
at an average cost of K200/ha, the total (base line — 1976) cosis are estimated at

K 700 000 psze or K 3.5 million over the whole Project period.

Equipment

4. 4 complete unit consists of two 300 HP and at least one 200 HP bulldozers with two
gets of chainse. IPD already has one Buch unit, but another unit, with a stendby 300 BP
dozer, would be purchased during year 1 of the Project, and another replacement unit in
year 3 of the Projeot.
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The estimated costs aré:

Capital Costs

Year 1 Year 3
Eduipment Unit Price Number Number
K'000 il K '000 .K'OOOV
300 HP milldozer, with all
attachments 157 3 471 2 334
200 HP bulldozer, with all
attachments 114 i 14 1 114
50-60 HP tractor 10 5 50 22} 50
Ancillary equipment l/ 70 40
Ploughs, winches, chains, etc. 40 32
TOrAL 145 550

o

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 pea.

Cost per unit p.a.

*(x'000)
Materials, spares, maintenance and repairs 45
Fuel - 300 HP: 50 litre;hr )
200 HP; 36 litre/hr | =
Tractors: 3.5 litre/hr KO. 15/11tze. 23
Ancillary equipment
Lubricants K0.81/litre. 10
TOPAL LS,
Total Operating Costs (K'000)
Year : : . g My 2 L 4 2

110 220 220 220 220
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Salaries and Wages (2 units from year 2)

Cost per

Anmal
Category Number Salary/wages unit pese
X 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
TOTAL 23 400
Ancillary equipment drivers * 1 416 4 248 (not
doubled with
second unit)
Total Salaries and Wages (K'000)
Year - 1 i 2 3 4 5
28 51 51 51 51
Recapitulation of Land Clearing Costs (x'000)
Year 1 2 3 4 5 Total
(a.) by IPD
Equipment 145 = 550 = - 1295
Fuel and Lubricants 110 220 220 220 220 390
Salaries & Wages
{incl. Transport) 28 51 51 51 51 232
TOrAL 883 27 821 2T 271 2 517
(b) by contract 400 300 200 83 - 983
TorAL (a) + (b) 1 283 571 1 021 354 271 3 500
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Soll Preparation

6o Ploughing has been included in the land clearing costss There only remains pre—
planting discings The unit cost per operation is K7.30/ha (1976), of which labour
represents about 25 percent or K1.8Q/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 discling operation is required, unless planting takes place after too
long an interval, when a second discing may be necessarys

“Year i 3 3 4 5 Total
Area (ha) 3 700 3 8oo 3 900 4 000 4 100 19 500
Costas (X'000)
Equipment and fuel 20 21 22 28 24 110
Labour (incl.

transport) T 7 f 7 T 3B

TOTAL 27 28 29 30 31 145

Nureeries and Seedling Production

Te No new mirseries will be required during the Project, the existing mirseries being
converiently located and adegquates Nursery techniques are well developed and satisfactory.
Pine is spot-sown in tubes (1-3 seeds per itube, according to the tested germinating power
of the seed stock), while Eucalyptus is tranaplented 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 £ill the tubes. No special mycorrhizal problem exists as regards Pine. Sowing
normally takee place in June-July and the seedlinge are ready for planting out as from
November-Dacember. Fertilizers are applied diluted in water, one month after germinating
(or transplenting) and regularly thereafter, as requireds The average task for the
£illing of tubes i 1 175 peds Allowing 20-25 percent for various losaes, it is
advisable to allow 1 700 Pine or 1! 000 Rucalyptus plants per ha, giving a weighted

average of 1 500 plants per ha for both Pine and Bucalyptus. The weighted average cost
is K10 per thousand seedlings, giving a weighted average coat of K15 per ha, of which
approximately one~third or K5 is for materials, and two—thirds or Ki0 for labours

Year == . 3 q_ 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.
transport) 37 38 39 46 41 195

TOTAL 56 57 59 60 62 294
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Planting and 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 K1Q/ha for Bucalypitus, giving a weighted average of K13/ha,
which includes 10 percent for the replacement of fazilures.

Oa No fertilizers are used for Pine, but borate and NPX are applied in Hucalyptus
plantations at the time of plantings The cost of this treatment is K20/ha (1376), of
which K10 is for the borate and NPK, and X% is for labour and transport. The planting
programme and costs may be summarized as follows:

Yoar = 2 3 4 i e Total
Arez (ha)
Pine 3 000 3 000 3 000 3 000 3000 15 000
Eucalypbus 100 800 900 1 000 1100 4 500
TOTAL 3700 3800 3900 4 000 4 100 19 500
Costs (X'000)

(a) Planting
Labour (incle

transport ) 48 43 51 52 53 253
(b) PFertilizing
Borate & NPK i 8 9 10 1 45
Labour (incle

transport ) 7 8 9 10 11 45

TOTAL oy 16 & - 29 22 40

TOPAL (&) + (®) 62 65 69 76 75 343

Weeding

104 Very intensive weeding is required. FMost of the weeding is done mechanically, in
lines, using a tractor and rotorvator, but hand weeding is sometimes carried out
simzltanecusly around the trees. The following operations are done on the average:

(a) Pine Operation Average Cost (K/ha)
1at year 6 mechanical, 4 mamual 47
2nd year 4 mechanical, 2 mamal 45
Ird year 2 mechanical .28
Total weeding costs (3 yrs.) )

(b) Eucalyptus Operation Average Cost {¥/ha)
18t year 6 mechanical, 4 mamal 47
2nd year 0-2 mechanical -
Total weeding costs (2 yrs.} 54

Average weighted coat/ha peae for Pine and Eucalyptus: K100 (aseuming areas

at the gtart and end of the Project balance each other cut for the 2-3 years of
weeding). This cost includes equipment (33 percent), fuel (17 percent) and
labour (50 percent). '



Year 1 2 3 4 5 Total
Ares (ha) 3700 ° 3 800 3 900 4 000 4 100 19 500
Costs (K'000
Equipment (tractors,
etce) 122 125 128 132 135 642
Fuel & lubricants 63 65 67 68 70 333
Labour (incl.transport) 185 190 195 200 205 975
T OTAL 370 380 390 400 410 1 950

JRecapitulation — Total Establishment Costs (K'000)

Operation Year 1 _ L i 4 5 Total
Lamd 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 1 568 316 843 6 232

Recapitulation — Total FEstablishment Costs by Categories of Expenditure (K' 000)

Category Year 1 2 3 4 5 Total
Equipment 877 135 683 142 145 1 987
Materials - Local 26 27 29 0 32 144
Fuel and Lubricants 183 296 ‘299 301 304 1 383
Labour (inc. transport) 312 343 352 360 368 1135
Contract 400 300 200 a3 - 983

TOTAL 1798 1101 1568 916 849 6 232
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Bs Maintenance of Plantations (mainly pre-Project)

17T Pruning
(2) Pine
Unit Cost Average area Total cost
Operation {1976) ¥X/ha (ha) pea, peas (K'000)
18t pruning (5 yrs.)
{1 000 stems/ha) 10 2 000 20
2nd pruning (8 yrs.) 7
(260 stems/ha) 5 { 500 8
3rd pruning (11 yrs.)
{260 stems/ha) 10 1 000 10
Total cost peae Pine 38
(v) Eucalyptus '
Pruning (at about 2 yrs.) 5! 750 4
Average total cost of pruning peas« Pine + Eucalypius 42
12, Thinninge 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 cosis will be borne by logging operations.

The

first

Eucalyptus thinning (at 5 years) is a line thinning and involves no marking cosis.

Pine Eucalyptus

Thine I Thin,II Thin.III Thine II Total
{11 yree) {14 yre.) (19 yra.,) Total P, (8 yrse) P + E

Cosat K]ha 10 3 2 = 1

Averege area
(ha) pege 1 500 1 000 250 2 750 800 3 550
Total Gost .
{x'000) 15 3 1 19 1 20
Recapitulation Total Cost of Prun;ng and Thinnins (2ll labqurl

Operation i Year 1 2 ’ 3 4 g Total
Pruning 42 42 42 42 42 210
Thinning 20 20 20 20 20 100
TOTAL (Labour) 62 62 62 62 62 310

{including transport)
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Ce Hoads:

13 A1) road- oonstruction and maintenance is included here, even of so-called "logging"
roads, which are also used for cther purposes. Howsver, external firebresakas, 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) (¢lass C) Roada (Class D) _all roads
Denaity 10 3 kY
{lan/1 000 ha)

1/ |
Average cost 3 125 2 000 280
(K/kn)
Total cost 31 250 6 000 8,680
(k/1 000 ha)
Total cost g 109 23 30 160
(K'000) paas
Total cost 545 105 150 800
(x'000) -~ 5 yrs
Total length 175 5245 54245

(km) = 5 yrs

1/ Eﬁdr1976 costs have been increased by 12 percent to allow for the 20 percent
) devaluation of the Kwacha in 1976, which affects 2ll imports (55 percent of
total road costs)e.

2/ An average of 3 500 ha of new plantations p.a,
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IT. Road Malintensnce

14. Roads to be maintained anmially are as followsy

Access Roads "Logging" Roads Compariment Total
Category {Class B) {Class C) Roads (Class D} all roads
Length (km) of
existing roads 80 90 100 s
(1975)
Length (km) of
new Project roads 90 25 270 =
(total) divided
by 2 l/
Total length (km) 170 ™5 370 =
(average)
Average coEt p.a. 312.5 200 28 -
(K/km) 2/
Total cost peds 53 23 10.4 B6.4
(K'000)
Total cost - 5§ yrs 265 115 52 432
(k' 000}

J/ To obtain yearly average over the whole S5-year period
2/ 10 percent of capital costs
15 The total base-1line Projeci cosis for romd construction and mainitenance 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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Detailed Project costs are given below:

Equipment {machinery) Number Unit Coet Total Cost
st b (X'000) (X'000)
150 HP motor graders 2(1yre 1& 1 yre 4) 8o 160
5-ton tipper trucks 4 (2 yre 1 & 2 yro 4) 33 132
Total equipment (machinery) ;;;
Spares 40
Fuel and lubricants 288
Workshop equipment 40
Materials = imported 40
local 40
Total non-labour 740
Total Jabour (including transport) 432
Total road costs {construction & maintenance) 1 ;;5
Year _ i 2 3 4 5 Total
Machinery and
equipment 146 - — 146 - 252
Spares 20 ¥ g 5 5 40
Fuel & lubricants 44 52 58 64 70 2838
Workshop equipment 20 3 5 5 5 40
Material
imported 8 8 8 8 B 40
local g 8 8 8 8 40
Labour {including
transport 80 88 98 108 118 492
TOTAL %26 166 182 344 214 1232
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D, PFire Protection

17 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 loat and another 400 ha of Pine were more or less severely scorched in
1975« Pire damage is worast in Pine stands 5 to 8 years old., External firebreaks 15 m
wide are constructed and maintained around all new plantationse Internally, roads are
used as firebreaks. 20 m wide breaks are usually maintained on either side of main
roads. But esgentially 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:

(1) Construction of external firebreaks {new)

The cost of construction of new external firebreaks is the mame 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 15 ha per xm
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 pesa. (3 500 ha of new plantations p.a.). The
sverage anmal cost is, itherefore, X24 000, divided as follows:

Cost (K'00OQ)

Year = 1 ) 2 5 I 4 5 Total

(&) by IPD

Equipment 8 8 8 8 8 40

Fuel & lub., etc. 3 { [ 35

Labour (inc. transport) i 1 1 1 1 5

(b) by contract 8 8 8 g 8 40
TOPAL 24 24 24 24, 24 120

{ii) Meintenance of firebreaks

19, All firebreaks are maintained by regular anmal sirip-ploughing or discing and
controlled burning. The average cost is K25/km. The mverage area of plantations during
the project is assumed to be 26 000 + 18 000 = 34 OO0 ha, and the average length 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 OCO p.a., made up of:

Equipment (25%) - K 5 000
Fuel & lub., etc. (50%) - K 10 000
labour {inc. transport) (258) - K. 5 000
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Cosgt SK'OOO!

Yoar il - 3 4 b Total
Equipment g 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

Assuming half the total area of plantations is control-bturnt anmially, the average

area involved will be 34 000 = 17 000 ha. At an average cost of K 0.5/ha, the anmual
2

average cost will be K 9 000, nearly all of it labour.

27

Cost (K'000)

Tear 1 2 ] & 8 Total

Labonr (incle
tranaport) 7 8 9 10. " 45

(iv) PFire Control

This inoludes all fire~fighting equipment and services, and the mamming of fire

towers and standby orews during periods of high fire hazard.

(8) Pire tenders

There are two types of fire tenders: the light one which consists of a

fagt, WD, 3=ton load-carrying capacity cross—country vehicle, and the

heavy one which is a proper fire engime. 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 (=ee the two previous headings). The total requirements, including
replacements, will therefore be 10 light tenders and 5 heavy tenders.

Light tenders Heavy tenders Total
; ' ' (K7000)
Total requirements 10 2 5
(mumber)
No. available in
vworking order 5
Additional no. required 5
(new)
Average unit cost 30 40
(xro00) 1/
T‘(’;f‘éog‘)’“ 150 120 270
Running costs (average)
(Rlel. lu'b., etc. Ep.a. X10 000; 50
{Labour ps2. K10 000 50
Total cost over 5 years 370

ﬂ Allowing a 20 percent increase over mid-1976 costs (1976 devaluation).
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Yaar . 2 3 s . 5 : Total
Equipment 100 - 100 - T0 270
Fuel, lub., 8 9 10 14, 12 50
etca '
Labour (incle 8 9 10 1t 12 50
transport )
Total 116 18 120 22 94 1710
{(v) Pire towers
Requirements -1 latge tower (30 m high) for 1 800 ha.
1 small tower (8 m high) for 4 000 ha.
Large tower Small Towsr TPotal
Ho required Pols 2 T 3
Unit cost (X'000) T 2
of which Ema‘terials 4 t 5
labour 3 1 4
Total cost p.a. 14 2 16
of which ématerials 8 1 ]
labour 6 1 T
s " r 2 3 4 5 Total
Materials (incl. 9 9 9 9 9 * 45
transport) '
Labour (incl. 7 7 7 7 7 35
transport) s —_— - SR .
Total 16 16 16 16 16 80
oy
{(¢c) Pire fighting equipment
60 W. 25 W, 10 W, Other
radios radios radios = Bquipment
‘No. required (5 years} 6 50 50
Unit cost (K'000) 2.5 1 0.8
Total cost (K'000) = 5 yrs. 15 50 40 20
Grand total cost (K'000) - yrs. 125
Year 1 2 3 = | 5 Total
Equipment 75 -~ - 50 - 125

JJAllowing a 20% increase over mid-1976 costs (1976 devaluation).



24,

25w

(d). Fire orews and fire-fighting
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Average cost ~ all labour - (K'000)
20

p-ac =
5 years = 100

Year. 1 2 3 4 5 Total
Labour 16 18 20 22 24 100
Recapitulation fire control costa {iv) (a=-d) (¥x*000)
Tear e | 2 -] 4 5 Total
Equipment 175 - 100 50 70 395
Materials 9 9 9 9 9 45
Fuel| lub.' etc. B 9 10' “i, 12 50
Labour (incl.

transport) 3 34 37 40 43 185
TOTAL 223 52 156 110 134 615
Recapitulation — all fire protection costs {1) to (iv} (K'000)
Year : 1 2 X & 5 Total
‘Equipment 185 1 13, 65 Bé 460
Materials local 9 9 9 9 9 45
Fuel, lub., etc. 23 25 27 23, M 135
Labour (incl.

transport) 43 48 52 56 61 260
By contract 8 8 8 8 8 40
TOTAL 268 101 209 167 195 940
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Racapitulation ~ all afforestation coets. A to DY}
Direot costs (K'000) )

Year ) 1 2 . ¥ L& E e Total
1. Establiahment

of plantations 1 798 1 101 1 568 316 849 6 232
2. Maintenance of

plantations 62 62 62 62 62 310
3+ Roads - con—

struction and

maintenance 326 166 182 344 214 1232
4« Fire protec- ; .

tion 268 101 209 167 Tgne: 940

TOPAL 2 454 1 430 2 021 1 489 1 320 8 714
Recapitulation — all afforestation costs (Direct costs) (4 to D}
By categories of expenditure (K'0O00}
Category Year ) 1 2 _ 3 4 - 5 . Total
Equipment 1 256 164 819 in 249 2 859
Materials - local 43 44 46 42 49 229
Fuel and
lubricants 250 373 384 394 405 1 806
lLabour {incl.
transport) 497 544 564 586 609 2 7197
Contract 408 308 208 91 8 1023

TOTAL 2454 1430 2021 1489 132 8 714
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E. Non-Afforestation {Indirect) Costs
{Project Management)

Administration and Overheads

284 The average IFD establishment (staff) costs during the Project would be as
followas

Unit cost p.a.i/ Total cost peas

Poste 5 Nos {K'000) __(K'000)
Director 1 8.7 8.7
Financial Controller it 8.7 8.7
Conservators 5 8.2 41.0
Auditora & Senior Accountants g 6.8 20.4
Engineers, Managers, Senior
Forest Officers 11 6.4 T0.4
Senior Mechanics & Clerks of Works 6 58 34.8
Electrical Officers & Building
Officers 5 4.9 24-5
Foresters 10 4.9 49.0
Accountants 4 4.6 18.4
Bxecutive Officers, Surveyorsy
Transport Officers 13 3.2 41,6
Assistant Accountants 5 3.0 15.0
Stenographers 3 2.7 8.1
Typiste 8 2.0 16.0
Senior Cfficers 10 149 1940
Clerical Officers 15 17 255
Junior Clerical Officers 8 13 10.4
Total —- 41145
+ 124% housing allowance 51s5
Total cost {salaries and all allowances) peas 463
Office expenses {average) pes. 27
Average Total Cost of Administration and
Overheads peas 490
_1/ Including salary and allowances (excluding housing allowance).
29« Recapitulation — administration and overhead comis
Year 1 2 3 4 3 Total
Salaries and .
allowances 463 463 463 463 463 2 315
Office expanses
(materials and
services) 27 27 27 27 27 135

TCTAL 490 490 490 490 490 2 450



F, Housing (additional)

30, The only new buildings required during the project are additional housing for the staff,

Year 1 2 3 4 5 Total
Unit cost
(x'000)
Type (at 1976 Qtye Te Cost Qty. Te Cost Qty. Te Cost Qtys Te Cost Qty. Te Cost Qty. Te Cost
_prices) {K'000) {K*000) (x'000} (K'000) {K'000) (K*000}
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 10 280 70 280 90 360 350 1400
Ablution blocks 6 10 60 6 36 7 42 9 42 9, 54 39 234
Electricity and
Water Services 50 50 50 50 50 250
TOrAL 446 382 428 440 B 560 | 2256

3. 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,.

Recapitulation — housing costs {K'000)

Year 1 2 3 - 5 Total
Labour (inc,
transport } 223 1971 214 220 280 1128
Materials
local 112 96 107 110 140 565
foreign 111 95 107 110 140 563

T OTAL 446 382 428 440 560 5 3 256

e-gE—
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Gs» Building Maintenance

32, The average cost of maintaining all Project buildings, old and new, is estimated
at K100)000 pesa., of which about half ies for labour and half for materials (50 percent
foreign).

Building maintenance costs are, therefore, estimated thus:

Costs (K'OQ0)

Year ) 5  § - 4 5 Total
Labour (incl. ‘ _
transport) 40 45 50 55 60 250
Materialsg

loeal 20 23 25 28 30 126
foreign 20 20 25 o7 30 124
TOTAL 80 90 100 110 120 500

H. Administrative Vehicles & labour Transport

33. At the end of the Phase I project, the following adminiasirative vehicles were in
working ordér:

Tricks and vans 37
Peraochnel vehicles 2
Motorcyocles 8

3. Tt i assumed that almost half of these vehiclea will be used in afforestation
(the other half in logging, forest indusiries, etce)s Provision is made for the
following replacements during the Project period:

Average Unit Total Cost
Cost (1976) (5 years)
Category o _ Numbexr SRR i1 0.0, 01 {K'000)
1. 8-ton flat trucks 10 ) 19.4 194
2¢ S5-ton trucke or vans 10 ) 2 pea 16 160
3. Persomnel vehicles 10 ) 9 90
44  Motor oycles 10 ) 2 20

TOrAL 464
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35 The average anmial running costs of the existing administrative vehicles and for
the transport of labour to the work sites (for afforestation operations only) are:

Unit Coat psas Total Cost Dol

Item : Number _ (K'000} {K'000)
Labour = drivers 25 1416 35 400
gkilled workers 10 1 G00 10 000
unekilled workera _20 492 9 840
Total labour 55 55 240
Fuel and lubricants (imported) 50 000
Spares (imported) 20 000
TOTAL 125. 240

Cost of a@ministrafive vehicles, including labour itransport

Ttem 7 Yeap 1 72 : 3 /-4 5 Total
Vehicles &
equipment (new) 100 100 100 100 64 404

Running cost:

Labour 25 55 55 55 55 275
Fuel and lubricants 50 50 50 50 50 250
Spares 20 20 20 20 20 100

TOPAL 225 225 225 225 189 1 089

The cost of labour transport for all afforestation operations has heen 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 anmal labour costs for afforestation come Yo

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 non-afforestation (indirect) costs is
therofore K1 089 000 less K280 000 (K55 000 x 5) = K809 000, Labour transport thus
represents 25 percent of the total cost of adminlstrative vehicles + labour transpori,

and by subtracting 25 percent we obtains
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Revised cost of adminisirative vehicles (exoluding labour transport)

4

Itom Bl it 3 Year.l. .. . 2 el - & 5 Total
Vehiocles & equipment 75 15 15 75 48 348
Labour 41 41 41 41 41 205
Fuel -& lubricants 38 3 38 38 18 190
Spares 15 e U3 B 15 15 5

TOTAL 169 163 169 169 142 818

I. Surveys and Training

36e The average anmal cost of surveys is K30 000, made up of labour (K15 000) and
materials (K15 000).

IFD hag its own training centre, and average anmal costs of training are
estimated at X10 000 (for materials).

The total costs of surveys and training come to:
Coste (X'000)

Year - . 2 3 L 5 . . Total
Surveys ~ labour 15 %5 15 15 15 '
materials 15 15 15 15 15 1%

Training — materials 10 10 10 10 10 50
TOTAL 40 40 40 40 40 200

Hecapitulation — Non-afforestation: {Indirect)Costs (F-I}
{Project Menagement ) i ' i

Costs {K'000)

Year VBIpaAE shmetil Se iy oy 4 5 Total
Salaries & allowances 463 463 463 463 463 2 315
Vehicles & equipment 75 75 i5 15 38 348 -
Puel & lubriocants 38 38 38 18 38 190
Materials — foreign 161 147 162 {67 200 837
local 169 156 169 (5 207 876
Labour 319 292 320 331 396 1 658

TTAL 1 225 1 T 1 227 1 249 1 352 6 224



Plantations

Direct and Indirect Coste (K'000)

1978 1979 1980 1981 1982 Total Foreign Exchange

Year 1 Year 2 Year 3 Year 4 Year 5 5 Years Amount ﬁgg_
Equipment and vehicles 1 331 239 894 446 297 3 207 3 046 95
Materials: foreign 161 147 162 167 200 837 795 95
local 212 200 215 222 56 1 105 - -
Fuel and lubricant 288 417 422 432 443 1 996 1 896 95
Labour: afforestation 497 541 564 586 609 2 797 - —
other 319 292 320 311 396 1 658 -~ =
Contract 408 308 208 91 8. 1023 511 50
Salaries & allowances 463 463 463 463 463 2 315 - 30

TOrAL 3 673 2 601 3 248 2 738 2 672 14 938 6 248 46

-6{_
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ANNEX 2
PROTECT SAWMILL
Introduction
Te The conditions in Zambla provide ample justification for the consiruction of a new

sawmill for the production of pine and eucalyptus lumber. The present capaciiy of
existing sawmills at Chati and Dola Hill are not sufficient to handle the increasing
volume of pine and eucalyptus sawlogs from IPD after 1978. Log yield projecticns
indicate that an additional sawmill would be required by thene

2. A Bawmill would have an estimated capacity of 250 m3(r) log input per 8-hour shift,
corresponding to a lumber output of 113 m ( ) per 8-hour shift, assuming the average
lumber yield to be 45 percent.

3e It has beon assumed that the domestic demand for plne and eucalyptus lumber in
Zambla will be sufficlent to keep the proposed new sawmill at Chati operating on ore shift
per day in 1980, producing 20 000 m3(s) per year, and 2 shifts per day in 1382, producing
46 000 m ( ) in that yeare

4 The most economical site for the Project sawmill is at Chati, where ihere 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,

Se Proper utilization of sawmill waste should be of particular importance to the
sawnills 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 ig not Ilumber but sawmill waste. The production of chips from sawmill waaste 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-comnveyor and chip-storage bins for
loading of truckse.

Capital Requirement for Sawmill i/

Kwacha
Sawmill equipment,crated for export, fob Chattanooga, Tenn., USA 625 000
ertimated gross weight 180 tona)
estimated total volume 490 m3)
Estimated land and sea freight 100 000
Sawmill equipmenty cif Chati 725 000
1/ In addition, logging and transport equipment to supply the sawmill is required,

at & capital cost of K 990 000.
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Installation Cost 17§ 000
Sawmill Bquipment Installed 900 000
Contingencies {including chipping plant) 75 000
Feog paid to Engineering and Contracting firms T5 000
Site preparation (levelling and surfacing) 250 000
Building, 2 storey, on concrete slab founiation 300 000
Moving Equipment 250 000
Machine shop equipment 100 000
Extra spare parts and atores 150 000
Interest during construction 100 000
Total Plant Cost K 2 200 000
Working Capital 400 000
Total Capital Requirement ¥ 2 600 000

Manufacturing Costl/ at Full Capacity (two—shift operation)

Wood Cost K per year
Eucalyptus sawlog stumpage 239 200
29 950 m3 (r}) x K 8
Pine sawlog stumpage 1_5%5 000
72 500 m3 (r) x K 22
Total Wood Cost 4 834 200
Logging and log transport cost 614 400
102 400 m3 (r) x K 6
Electric ener%y
40 000 m3 (s) x 75 kWh x Q.22 60 000
Operating and Maintenance Supplies 120 COC
Petroleum products and tires 60 000
Direct Labour:
20 skilled at X 1 700 34 000
30 memi-skilled at K 1 Q00 30 Q000
60 unskilled at K 600 36000
Total Direct Labour 100 Q00

17Ell:c1ut.{ing taxes, interest payments and depreciation allowances.



- 43

Administration and Mill Supervision 120 000
Allowances and Bonuses:

45% of wages for direct labour 46 000

354 of salaries 42 000

Miscellaneous Overhead Costs .50 000

Total Conversion Costs 1 212 400

Total I—“_mduction Costs 3 046 GO0

Physical Contingencies 304 TQO

'prta.l Manuffac_f;uring Cosﬁ:s 3 351 300

Projected Sales

6. Estimates of sales revenue are based on the *following prices and product
mix:

Eucalyptus lumber, green and rough ¥ per m3 )
Boards longer than 1.5 m 86
Shorts 48
Waney edge boards 25

Pine Ilumber, green and rough

Boards longer than 1.5 m 126
Shorts 63

Te 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%% longs and 25% shorts,

Projected Sales Volume and Hevemme

- Sales Volume , _ Sales Revenue _
Pine Eucalyptus - Total " Pine Encalyptus Total

Year (1000 m3) (X million)
1979 6.5 3.7 10.2 0.72 0.26 0.98
1980 13.1 Te3 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 4455



Firiancial Rate of Return

8, Projections of financial cash flowl/ are given, in constant 1977 prices,
in Table 2 of this Annex. These projections value sawloge 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 pection sbove on sales, and costs have been pro-rated accordingly. The
financial rate of return computed from these projections is 15.5ks

Economic Rate of Relum

'

9, In order to arrive at projeciions of economic costs and benefits (Table 3
of this Annex) the following adjustments to the financial accounts have been
made:

(1) Imported inputs and cutputs which will substitute for imported supplies
have been valued at US$1.00 = K 0.9 instead of the official
UsS$1.00 = K 0.8,

(2) The real value of sawnwood outputs has been assumed to rise at
the rate get out on p. i17.

{3) Local lahour was shadow priced at 60% of the financial cost.

0. On this basis, the economic rate of return has been established o be

32.0%.

J/'Ex1<:*u.<3.ir1g transfer costs and financial transaciions, suéh as taxes, interest
payment and allowances for depreciation.



ANNEX 2
TABLE 1
Project Sawmill
_ : Poreign
1978 1979 1980 1981 1982  Exchange
(k_million) %
Revenue - 0,98 1,96 3.14 4455 100
Capital Costs
Logging 0.71 0,26 - = - 98
Moving equipment 0.25
Other equipment 1.70
Other .25
Working capital 240 - - v - =
Total 2.60 0.28 - - -
Mamufacturing Costs
Logging and transport 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 contingencie 0.33 0.09 0.13 0.21 0.30
Total Costs 3.64 1.02 1.43 2,28 3.34

Y op vhich 40% accounted for by labour costs,

g/:-3.1: 104 of base costs.



FINANCIAL RATE OF RETURN F(R THE PROJECT BAWMILL {1978-1993)

(K million)

Wood’ Oth.er2 g - Total Total

coster : cost cogts revenues
1978 - 3.6 1.6 e
1979 0,4 0.6 1.0 1.0
1980 0.8 0.6 figgth 2,0
1981 13 1.0 2.3 3.1
1982 2,0 1.3 3.3 45
1983 2,0 2.4 4.4 4.5
1984 240 Y Bl 4.5
1985 2,0 143 3.3 4,5
1986 2.0 143 3.3 4.5
1987 2.0 2.9 4.9 4.5
1988 2,0 P4 4.4 4.5
1989 2,0 2.0 4.0 4.5
1990 2,0 07 5 353 445
1991 2,0 1.3 3.3 4.5
1992 2,0 1.3 3.3 B
1993 2.0 1.3 3.3 31

1f Stumpage coste cnly; using the average unit replacement costs of K22/m3 for pine and K13/m3 for eucalyptus (See Annex 4)

3/ Capital costs {including costs of logging equipment acquired by the procject to supply the mill ( Table1)) and operating
coste (including logging and transpori cperciing custs at Kﬁ/mﬂ); excludes depreciation but includes equipment replace—
ment (assuming a life of T yeare fecr logging emuipment and meving samill equipnment ond 10 years fer other eguipment
~nd structures). 3

z

21

PN



ECONOMIC RATE OF RETURN FOR THE PROJECT SAWMILL (1978-1993)

Year Wood costsjj Toreign Foreign Labour Costs 3/ Iabour ghadow Other Total economic Total
exchange  exchange T priced 4/ costs3/  costs benefitsb/ 3
cost 32/ shadow
= pricedg,_/
1978 - 2h1 2.4 = - 1.5 3.9 =
1979 Oud 0.4 0.45 0.1 0,05 0.2 oy 1.1
1980 0.8 0.15 0.15 0.2 0.4 0.25 143 2.4
1981 1.4 0.3 043 0.25 0.15 0.45 2.3 3.7
1982 2.0 0.5 0.55 0.4 0.25 0.4 32 545
1983 2.0 Tad 1.6 0.4 0.25 0.6 443 5.6
1984 ) 0.8 0.9 0.4 0,25 0.5 B 5.6
1985 2.0 0.5 0.55 0.4 0.25 0.4 3t 5.8
1986 2.0 0.5 055 0.4 0,25 0.4 3.2 5.8 L-
1987 2.0 145 e 0.4 0.25 liall 5¢0 5.8 =
1988 2.0 1.4 1.6 0.4 0.25 0.6 4.5 5.8 '
1989 2.0 1.4 1.25 0.4 0,25 BLl 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 04 0.25 0.4 342 5.8
19?%. 20 0.5 0455 0.4 0.25 0.4 3ei2 5.8
1993 2.0 05 0455 0.4 0.25 Cad Bl 6,1

1/ From Annex 2, Table 2

g/ From Annex 2,7Table 1

;/ At U,S.% 1.00 = K 0.9 instead of the official rate of U.S.$ 1.00 = K 0.8
ﬂ/ 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 = 108, 1983 = 110,
i~ 1984 = 112, 1985 and after = 113 (see page 17

€ 31d¥L
2 XENNY
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ANNEX 3

PRELIMINARY EVAUJATION OF PROPOSED PULP AND PAPER MILL

Thtroduction

1. The establishment of a pulp and paper mill to utilize part of the wood
generated by the industrial plantations has been under comsideration by the
Government for several years, Conceptual planning for this project is reasonably
well advanced. This Annex presents a hrief 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 determmined but thefe
now appears to be a concensus with respect to the following features:

{i) the mill would produce linerboard, corrugated medium, sack
paper, bag paper and wrapping paper using theé kraft pulping
process;

(ii) the mill would have a total production capacity of the order:
of 40 000 tons annually; and

(iii) the mill wenld 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 eucalyptus pulp together with waste paper
would be used. The mill would be located on the bank of the Kafue river, close to
Kitwe. Barlier 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 railwagy 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 lump sum estimate of X 3 million has been included
in the capital cost estimates.

?rojected Sales Volume and Kevenue

Year gdles Volume Sales Hevenue
Exports Domestic Total Exports  Domestic “Total
Thousand tons) . (us§ Million) :
1982 - 24..0 24-0 —] 11.1 111
1983 1.4 28.6 32.0 142 13.3 1445
1984 5.7 30.3 36.0 2.0 14.1 16,1
1985 5.9 32.1 8.0 21 14.9 17.0
1986 6.0 34.0 40.0 2.1 158 17.9
1987 3.9 361 46.0 1.4 16.8 8.2
1988 1 38.3 40.0 0.6 17.8 18.4

1989-2001 - 40.0 40.0 - 18.6 18,6



Project Costs

4. The total project Gost, in 1977 prices, is estimated to be K 70.0 millien
(Us$88 million) »

Se Projected manufacturing cogts per ton of paper produced, excluding
depreciation, is summarized in the following table. These coets are based
on operation at the full design production rate.

Menufacturing Cost at Full Capacity

Item Amount )

(K/ton) {USg/ton) (%)
Wood 45.3 56.6 23.5
Chemicals 16.6 20,8 8.6
Other Operating Supplies 24.0 30,0 12.4
F\lel and Power 41.4 51-7 2104
Labour 19.8 24.8 10.3
Administration & Overhead 45.9 57.4 23.8
Total 193.,0 241.3 100,0

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 Vol Pri 6—1/ 1j otal
” iriﬁ?? EI:EC;m3s Ki % (K?m§) iUS&? m3)

m
Pine smallwood 135 000 5.0 6.0 11.0 13.7
Eucalyptus smallwood 20 000 3.0 6.0 5.0 11.3
Sawmill waste 40 Q00 +5 - 3.5 ded)
Total 195 000 9.3 11.6

Financial Projections

Te Financial projections for rate of retumm calculations have been prepared in
constant 1977 prices and are attached to this Annex as Table 1. These projections
incorporate realistic assumptioms conceming the rate of build-up to full production
capacity, and for the cost of an expatriate start-up and training crew. The financial
rate of retum after taxes computed from these projections is 10.4%.

Y. The "price” represents stumpage for the smallwood (see Anmex 4), and a tranafer
price based on fuel equivalent for the sawmill waste. 4n assumption implicit
in this iz that a new sawmill will be congtructed adjacent to the proposed
pulp mill. ’



Economic Rate of Re_tum‘

8. In order to get an estimate of the economic internal rate of retum of the

project, the following adjustments to financial costs and benefits have been
made: '

{i} Poreign exchange costslénd benefits were estimated using a

shadow exchange rate of US% = K 0.9 instead of the official
USE1 = K 0.8; and

2
(ii) Local laboutﬂda.s shadow priced at 60% of the financial cost.

(iii) The pulpwnod raw material was given a stumpage valuel/of Zero
as it has no altemative use.

e On this basis, the economic rate of returm from the pulp and paper mill pro-
ject has been determined to be 11.Th.

Y 100% of plant and expatriafe assistance costs, 60% of infrastru~ture and
" conversion costs and 20% of wood costs.
2

Y 13, of conversion costs and 17% of wood costs.
3

or ex—sawmill value in the case of sawmill waste.
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ANNEX 4
TABLE 1
CALCULATIONS OF STUMPAGE RATES - DIRECT COSTS
Basic data for per hectare model caleulations
1. Cosis

Direct costs (K) Pine Eucalyptus
Year 1 Establishment

Land clearing 200 200 (18 for replanting)

Soil preparation ‘ i 7

Nursery (plant product) 17 10

Planting 15 10

Fertilizers = 20

Weeding (first year) 47 47
Total establishment {direct) costs 286 294 {112 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 6] =
Year 11  Pruning ITX 10 -
Year 11 Thinnirng I 4(10)1/ -(10)1/ (line thinning at

year 5)

Year 14 Marking of Thinning II 3 1 (at year 8, not 14)
Year 19 Marking of Thinning IIT 2 &
Clearfelling at year 25 12

i/ If smallwood is unsaleable.
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Stumpage rates — indirect cosis may be divided into two categoriest:

f==t

(8) New (i.eo referring to new plantations only: 17.5 ha
over whole 5—-year Project period).

TRBLE 3

Total Project Total average area  Average ccst per ha
Item cost (K'000) involved (ha'O00) - pe.a. during Project
_(¥)
1s» Road construction 800 17.5 9
2« Fire protection (new
firebreaks and fire towers) 200 1745 2
3» Housing (additional) 2 256 1745 26
DOTAL 37
(h) 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, giving
an average area of 35 000 ha over the whole Project period).
Ttem Total Project Total average area  Average cost per ha
cost (K'000) involved (ha'000) Psa. during Project
(%)
1. Road maintenance 432 35 3
2+ PFire protection {recurrent) 740 35 4
3. Administration 2 450 35 14
4, Building maintenance 500 35 5
5 Admintstrative vehicles
and transport 818 35 5
6+ Surveys and training 200 35 1
TCTAL 30

Indirect costs would be charged at the rate of K37 (for new plantations only) and K30 (for
recurrent expenses for all plantations), i.es & total of K67 per anmum during the first
five years (Project period), and at the rate of only K30 (recurrent) per anmum thereafter.



2, Yields (#’/na)

The following yields have been assumed:

(a) Pine

(60% P.Xey 40% P.0.) Weighted

Pe kesiya P. oocerpa and others average for Pine (all species)

Operation Age Sawlogs Smallwood Total Sawlogs Smallwcod 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 TIT 19 40 20 60 30 20 50 36 20 56
Clearfell 25 | 120 30 150 {100 25 125 112 28 140
TOPAL 230 120 350 M5 100 218 208 112 320
AT (9.2) (4.8) 14 () (4) 11 (8.3) (4.5) 12.8

(b) Bucalyptus

(2/3 Begey 1/3 Eec.) weighted v

Ee grandis E. cloeziana and others average for Eucalyptus(all species) N

Operation Age S,a.w]_.ogs L.poles Smallw, Total | Sawlogs L. poles_ Smallwe. Total | Sawlogs Le.poles Smallwe Total '
Thin I 5 = = 60 60 = - 20 20 - - 47 47
Thin II 8 30 20 30 80 20 20 . 20 60 27 20 27 T4
Clearfell 12 100 30 30 160 50 30 20 100 83 30 27 140
TOTAL 130 50 120 300 70 50 60 180 110 50 101 261
MAT (10.8) (442} {10} 25 | (5.8) (€157 Ty S ™1 )1 B (9.0) (4.2) (8.6) 21.8

E,E
SiE
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ANNEX 4
TABLE 4

3s Stumpage rates

On the basis of the assumptions given above for costs and yields, the following
stumpage rates have been calculated in order to give an TRR of 10 percent.

Rete (K/m")

Category Pine Eucalyptus
I. A1} produce IT. Smallwood T. All produce TI. Smallwood
saleable unsaleable saleable unsaleable
Sawlogs 18 22 6 8
large poles - - 10 13

Smallwcod 5 - 3 -



Direet Indirect Total Volume §m3{§§l Sawlogs Smallwood Total Net FIRR

Year Costs—K Costs—K Costs—K Sawlogs Smallwood @K 18/m3 @Kﬁ[m3 Henefits Benefitis — 0% +
1 Tetablishment 286 67 353 (353) 353
2 Weeding 45 67 112 {112) 101
3 23 67 30 30) 74
4 _ 61 67 67 50
5 Pruning I 10 67 17 i1 53]
6 30 30 30 13
T 30 3o 30 17
8 Pruning II 5 30 35 35 18
9 30 30 530% 14
10 30 30 plel 13
11 Thinning I ard

Pruning IIT "4 a0 44 26 16 468 180 648 604 212,
12 30 30 (30; 10
13 30 30 - (30 10
14 Thinning II 3 30 33 3 28 612 140 132 ik 208
15 0 30 30) 8
16 30 30 30) i
17 30 30 30; 6
18 30 0 30 6
19 Thinning TIT 2 30 32 36 20 648 100 748 116 129
20 30 30 30) 5
21 30 30 30; 4
22 30 o 30 4
23 ki) 30 E30g 4
24 30 10 30 B
25 (Clearfelling 30 10 112 28 2016 140 2156 2126 219

TOTALS: 179

STUMPAGE RATES - PINE, SAWLOGS AND SMALLWOOD (PER HECTARE - K)

Reverue

Conclusions: The stumpage ratea for Pine should be aboutl K18/m3 for sawlogs and about K5/m3 for
smallweod assuming both are saleable.

184

= LG -



STUMPAGE RATES - BEUCALYPPUS (2/3 EuG., 1/3 E.C. & OTHERS) — SAWLOGS, LARGE POLES AND SMALLWOGD
{per hectare - K)

Revenue
Direct Indirect Total Volume _(rﬂ—”/hal Sawlogs L. poles Smallwgoed Total Net FIRR
Year Costs_ Costs  Costs Sawlogs L. poles Smaliwood @K6/m> @K10/m> @K3/km> Revenue Benefits - 100 0+
1 Establishment 304 67 371 (371) 371
2 Weeding &
Pruning 11 67 78 78) 71
3 67 67 67; 55
4 LY 67 ‘ 67 50 ,
5 Thinning I - 67 67 a3 = 41 = - 141 141 74 51
6 30 30 E 30)- 19
T 30 30 30) 17
8 Thinning II 1 30 31 27 20 27 162 200 81 443 412 21
2 30 30 ;303 14
10 30 30 30 13
11 30 30 i 30 12
12 Glearfelling - 30 30 83 30 27 498 300 81 879 849 297
13 Reestablishment 112 30 142 (142) 45
14 Weeding & '
Pruning 130 4 . &
15 30 10 230; B
16 10 30 30 7 |
17 Thimning 1 — 30 30 b - 47 - i 141 141 111 24
18 kY] 30 §303 6
19 30 30 30 5 L
20 Thinning TI ) 30 3 27 20 21 162 200 81 443 412 6i
21 30 30 30) 4
22 30 30 503 4
23 30 30 30 3
24 Clearfelling - 30 30 83 30 i 498 300 81 872 843 86
TOrALS: 716 136
Conclusion; The stumpage rates for Fucalyptus should be about K6/m3 For sawlogs,
K10/m3 for large poles and K3/m3 for smallwood assuming all are saleable,
3
5



STUMPAGE RATE — PINE (60% P.X., 40% P.0O. % O'HERS) — SAWLOG UTILIZATION LY

(Per hectare - X)

] Direct Indiract Total Volume of sawlogs Revenue Vet PIRR
Year Operation Costs Coats Costs m3/ha atKQZ[mB Benefitg - 14 4+
1 Establishment 286 67 353 {353) 353
2 Weeding 45 67 112 {112 102
3 23 67 90 {390 79
4 67 67 {67 50
5  Pruning I 10 67 | (717 53
6 30 30 (30) 19
i 30 30 (30) 17
8 Pruning IT 5 30 35 (35) 18
9 30 30 (30) 14
10 30 30 (30) 13
1" Thinning I &
Pruning ITI 20 30 50 26 572 R22 201
12 30 30 (303 10
13 30 30 (30 10
14 Thinning IT 3 30 33 34 748 Vilk 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 36 792 760 437
20 30 30 (30 5
21 30 30 { 30; 1
22 30 30 (30) A
23 30 30 (3c) 4
24 30 ©0 (30) 3
25 Clearfelling 30 3¢ 112 264 2431 246
TOTALS 788 191

Conclusion® The stumpage rate for pine sawlogs should be
about K22/m3 to produce an TRR of 107, assuming
amallwood is not saleable, but thinnings mus=t
be done as scheduled.

) EIEVE
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STUMPAGE RATE - BUCALYPTUS (2/3 E.G., 1/3 E.C. & O'EERS) — SAWLOG AND POLE UTILIZATION CNLY

{Per hectare - K)

Direct Indirect Total Volume (m3/ ha) Revenue Total Net FIRR
Year Costs Costs Coate Sawlogs Large Poles Sanlogs Large po%os Reverue Benefits - 104 &
— #K8/m> & K13/m
1 Establishment 304 67 371 (371) M
72 Weeding &
Pruning kA | 67 78 578 4
3 67 67 67 55
4 _ 67 67 ?67 59
5 Thinning I 10 67 7 ki 46
é 30 30 530 19
7 30 30 30 17
8 Thinning II 1 30 3 27 20 216 260 416 445 228
9 30 30 30 14
10 30 30 30 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 1M 30 a1 (41) 12
15 30 30 30 8
16 30 30 30 -}
17 Thinning I 10 30 40 40 9
18 30 30 30 6
19 30 30 (30) 5
20 Thinning II 1 30 3 27 20 216 260 476 445 13
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 e N4
TOTAL 774 713
Conclusiont The gtumpage rate for eucalgptus should be aboud
¥8/m3 for sawlogs and K13/m> for large poles, to
produce an IRR of 10%, assuming smallwood is not T,
saleable, but thinnings must be done as scheduled. QI
B4

T
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