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INTRODUCTION 

In developing countries the Forest Industries are often a key link in improving the 
economic and social life of rural cOIIInunities. However, often the more integra.ted wood­
using industries require a large uncommitted forest resource and need extensive market 
develolll1ent, skilled labour and Significant capital. As a wa.Y of leading to larger 
industry, the developnent of a small sawmilling operation is orten an excellent first 
step. This is because of: 

~he comparatively low investment cost per unit of production. 

~he simpliCity of operation and the ability to start in a fairly 
1 abour-intensi ve wa.v. 

~he flexibility of production volume and of replacement of labour 
wi th capital at a later date. 

In addition, the benefits of sawn wood production to a country in terms of local. 
supply, import substitution, the multiplier effect on rural employment, and possible 
export eanlingB, oan be significant. 

The factors to be oonsidered when determining the viability of a sBNllill ing venture 
location, markets, recovery, skilled labour, machinery, capital - are many and are orten 
interdependent. FAO felt that a simple guidebook would be of assistance to companies 
and governments in developing the possibilities for small to medium sawmill industries. 

Because of big differences in techniques and processing which apply, it is not 
possible in one pJ.blication to cover all types of small to medium sawmilla dealing with 
both soft woods and hardwoods. This guide sets out to be simple and 8111 table for use 
by people without technical qualifications. It deals with mills from 5,000 to 20,000 
cubic metres log intake per year and generally in the follOwing areas where there is 
most need for assistance: 

- Tropical hardwood areas without a high proportion of valuable export species. 

- ProdUCing oonstruction sized sawnwood or simply graded boards for fUrniture 
or other uses, mostly air dried. 

- Selling primarily to looal or regional markets. 

The guide i8 divided into two parts: 

PRZ't I. Basio Considerations. This section disCU8ses the factors to be taken 
into account when oonsidering a sawmilling venture and how that information ahould be 
collected and used to arrive at an investment aBses8J118nt. It discusses the facets of 
marketing, log supply, production, personnel, engineering and construction, costing and 
accounting. 
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Part II. Case Studies. Three specific examples are taken and the methodolOQ' 
described in Part I is detailed "'or each case. The examples chosen are: 

- A small portable mill in East Central India, cutting 5,000 m3 hardwood 
log/year from moist tropical forest. This is the sort of m.ill whioh 
might accompany forest clearing associated with a road or rail develop­
ment project. 

- A 10,000 m3 log intake mill based in Indonesia/Malqa. 

- A permanent 20,000 m3 mill based upon tropical hardwoods in Central America. 

Throughout the guide em}ilasis has been placed upon sawmill design and operation 
simplici ty. This keeps capital requirements to a minimum and increase. the job creation 
opportunities. No electronic devices ha.ve been included and manual operations are 
favoured, except in those circumstances where mechanical assistance is necessar.Y for 
safety and welfare reasons. 

The manual is based upon work by the Sandwell Group of Vancouver. The figures 
quoted are not intended as specific to a eiven country and are not definitive. They 
are based upon 1979 values and are estimates only intended to illustrate the procedures 
to be used. 
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PAR'f I - BASIC CON5IDl!;RATION:;> 

1 .0 RAW MATERIAL S 

Throughout this guide it has been assumed that the raw material to be used comprises 
tropical hardwoods. This covers a wide range of possible wood qualities from hard 
refractory woods to those which are easily sawn and from relatively small diameter logs 
of the dry deciduous forest to large diameter logs of the type common in moist tropical 
high forest. 

1.1 Source of Supply 

Before planning begins the areas of forest which will be the source of raw material 
must be clearly defined on an official map. 

The following points should be examined: 

i. Does the area appear to have an adequate supply of wood in general terms? 

ii. Has the area been logged before? 

iii. Are there existing rights over the area such as cultivation, hunting, 
or gathering of minor forest produots? 

iv. What means of access are there? Will access be hampered by, s~, 
permanent agriculture in the valleys? 

v. HOI'; many kilometres of access road will have to be constructed? 

vi. If public roads are to be used, 

what are the road limits? 

what is the standard of maintenance? are they passable all year round? 

is the user expected to contribute to road maintenance? if so, how much? 

If the answers to the above questions are acceptable, written authority to cut in 
the area must be obtained stating: 

i. Period for which licence to cut is granted, whether the licence is 
renewable and whether the rights are exolusive. 

ii. Species which may be cut. 

iii. Minimum diameter (dbh) which ~ be cut. 

iv. Volume which m~ be cut per annum. 

v. Road construction specifications. 

vi. Other responsibilities of user. 

vii. Allowable defect. 

vtii. Scaling regulations. 

ix. Stumpage or royalty to be oharged. 

x. Responsibility of lioensee for regeneration, erosion control, etc. 
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The clarification of these points is an essential first step before planning begins. 
Unfavourable conditions in any one of these aspects could affect the feasibility of the 
proposed plant and they must be carefully examined from this point of view. 

The next important step is to establish the actual volume of raw material available. 
Normally some form of inventory information exists. 'PHIS SHOULD Bl!: GH.I!:CKED by a 
reconnaissance type cruise (0.01% intensity is sufficient). 'Phe facts which should be 
checked are: standing volume of utilizable species, uniformity of distribution, percentage 
of defect and recoverable underbark volume of usable logs which can be delivered to the 
mill. The~t point is the most important and is rarely calculated in forest service 
inventories. The net recoverable merchantable volume varies from as low as 20% to over 
50% of standing volume, depending on tree size, species, degree of defect, amount of 
breakage and loss during extraction and the intensity of utilization. It is usually higher 
in mixed Dipterocarp forests and lower in dry deciduous woodland. 

It is very difficult to Bet minimum volumes for the economic extraction of a raw 
material supply. If the average recoverable underbark volume of usable species is less 
than 15 m3fha and if these species do not have a net mill value of at least US S150/m3 
rough sawn, extraction at an acceptable cost will be difficult to achieve. Exceptions are 
unusually low extraction costs due to favourable terrain, low labour costs or short trans_ 
port distances. 

1.2 Species to be Used 

Tropical hardwood forests contain many different species and technologists have stated 
that much of this wood is theoretically usable. People, however, have strong prejudices 
against woods that they have not used before. Although new species ~ be promoted and 
sold by accurate sawing, good presentation and low price, it is unwise to consider them as 
the only basis of production in a new mill unless their properties are outstandingly good 
or there is a clear demand for these species. In planning a new enterprise it would be 
wise to assume that 70 to 90% of the production for the first five years would be based 
upon species which are and have been generally accepted for construction purposes. The 
balance can be of a few lesser known speCies, the proportion of which ~ be increased 
as a wider experience of market acceptance is obtained. 

The best w~ to establish species acceptability is to talk with users such as saw­
millers, building contractors, furniture makers and carpenters. Small farmers or forest 
villagers are often very knowledgeable on uses of lesser known species. Samples of 
acceptable wood should be collected from sawmills and checked against those in the area 
to be cut, since there is often confusion in local names. If possible, local forest 
department officials should be asked to verify species and to assist in preparing a list 
of standard local names to be used. 

1.3 Cost of Delivered Raw Material 

The cost of logs delivered to the sawmill is usually the highest single cost involved 
in producing sawn wood. Depending upon the difficulty of logging, this ~ amount to 
60f0 of manufacturing costs. It is, therefore, important that an accurate estimate is 
obtained for this cost. 
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Wood cost is a function of how much wood is removed per unit of area and the physical 
barriers to this removal. The smaller the volume of wood removed per unit area, the 
higher will be the proportion of these costs for each unit of volume. Such items as 
overheads, taxes, workers housing, machinery depreciation and timber exploration are fixed 
costs and do not change with the volume removed. 

The estimation of delivered wood cost from basic data requires considerable experience. 
If at all possible, a person of experience should be used to collect this information. If 
this is not possible, a reasonable estimate can be made by talking to logging contractors 
in the area or, if not available, in other areas of similar forest type and terrain. Such 
estimates must be cross-checked using several sources. 

Before attempting an estimate of delivered wood cost, the following points must be 
settled: 

i. Approximate average volume to be removed per unit area, 
average log size and weight. 

ii. Method of extraction to be used, e.g. , anima.ls or machinery. 

iii. Type of access to be used, e.g., water vs. roads. 

iv. Duration of logging season. In many moist tropical areas this 
is 6 to 8 months and often less. 

v. Whether contractors are to be used or whether the mill will 
extract its own logs. 

Having made these decisions, the cost of the following component operations should 
be estimated: 

i. Exploration and location of stands to be developed. 

ii. Jo'elling. 

iii. Skidding, including cost of skid trails. 

i v. Bucking. 

v. Scaling. 

vi. Loading. 

vii. Road construction and maintenance. 

viii. Transportation to mill. 

ix. Overheads (to include accounting, supervision, taxes, workshops, 
stumpage or royalty). 

The following costs based on 1979 values refer to different situations and are 
given as an example of the order of magnitude to be expected in different types of 
operation. They should not be applied to any other situation. 

These costs do not include royalty or stumpage payments, capital replacement or 
interest costs. Length of truck haul has a significant effect. 
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fully mechanized operation, crawler tractors and 
&kidders, road construction, log transportation, 
eight month logging season. 

30 m3/ha recoverable volume removed. 

delivered log cost (1978) us $30-45/m3• 

similar to above. 

delivered log cost (1975) us S20-25/m3• 

swamp 1'orest - river transport 
hill 1'orest - road transport 

moist tropical - 1'ully mechanized - US $12/m3• 

plantations - mechanized - us t6-l2!m3• 
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2.0 IlABDTDIG 

2.1 General 

Marketing is one of the most important functions of an;}' business venture and yet its 
importance is frequently underestimated. This is particularly evident in the case of 
small to medium-sized sawmills. Typically, those involved in the development of these 
ventures have work experiences associated with wood harvesting or milling and have had 
only limited experience with the marketing of sawnwood. As a result, the conceptual 
planning of new mills often focuses almost entirely upon the needs of the producer rather 
than the marketplace - and often with disastrous results. 

Marketing embraces a wide range of activities. It involves the identification of 
market opportunities in terms of location, product specifications and potential sales 
volume and prioe. This information is of critical importance to the successful develop­
ment of a sawmilling project and it is, therefore, very important that the relevant data 
be as comprehensive and reliable as possible. 

In Europe and North America the development of market data and projections usually 
involves the application of relatively sophisticated techniques involving time series 
analysis of growth rate factors and wood consumption patterns. Projections of 
population growth, economic growth rates and factors affecting income can be used to 
forecast wood consumption. \Vhile a prospective developer of a small sawmill would 
probably not undertake such projections himself, he can obtain from industry associa­
tions and government agencies the results of detailed market research work which has 
been carried out by others. 

J(8I\Y developing countries with tropical hardwood forests have great diN'loulty in 
defining the correlation between, for example, population growth rates and sawnwood con­
sumption. Many of these countries have a dual econo~ in which the population can be 
rOughly categorized into two groups: the high inoome earner/consumer and the low income 
essentially non-consumer. 

In assessing the local market careful attention must be given to its present and 
potential size. Forecasts of demand based on time series data obtained from import 
statistics can be misleading in that the level of imports is often governed by non­
ma.rket constraints such as import restrictions used to conserve foreign exchange. Local 
prejudice against wood as a housing material or outmoded building regulations ~ also 
seriously limit the usefulness of the conventional approach to market forecasting. 

In order to develop a realistic assessment of market opportunities and constraints 
for small to medium-sized local mills, a practical approach is called for. Reliable, 
published data will be difficult to obtain and often will not exist. Emphasis must be 
placed on the analysis of local end-use requirements and the identification of trends. 
Much reliance will have to be placed upon the judgement of those examining the market 
and therefore a sound knowledge of the local conununity is most deGirable. Beca.use of 
the subjective nature of the work, many of the estimates ~ be impreciae. 
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The most likely sources of information are: 

i. Government agencies. 

ii. state-owned corporations. 

iii. Co-operatives. 

iv. Private contractors, architects and engineers. 

v. Existing sawmills. 

vi. Local sawnwood agents, wholesalers and retailers. 

vii. Private sector industrial users. 

The following sections outline a simple approach to the preparation of a realistic 
market plan for small to medium-sized sawmills. 

2.2 Market Areas 

Before proceeding with the development of detailed market data, it is useful to 
define the approximate geographic market boundaries. This will require a combination of 
local knowledge and judgement and an assessment of the following factors: 

i. Natural geographic boundaries, including waterwa.Ys, 
mountain ranges and desert areaE. 

ii. The looation, output and approximate market areas of 
existing sawmills. 

iii. The location and size of significant centres of population. 

iv. The location of potentially significant industrial consumers 
of sawnwood such as furniture manufacturers, mines, railwa.Ys, 
pallet makers, export packers, truck and trailer manufacturers, etc. 

v. Existing transportation services including routes, availability, 
costs per ton-mile, and reliability. 

vi. ~ national, regional or local government restrictions which ~ 
oonstrain the distribution of sawnwood. 

vii. The use of imported sawnwood including volumes and some estimate 
of distribution patterns. 

Based on the preceding information, a preliminary definition can be made of what 
appears to be a logical market area for the proposed sawmill. Subsequent research may 
cause this initial assessment to be modified somewhat: however, it will provide a 
reasonable basis for further study. 

2.3 End-Use Categories 

Having defined the market area, the principal uses of sa\.nwood within this region 
can be identified. These will include some, or all, of the following: 

i. Residential housing - single and multiple family dwelling units. 

ii. Institutional construction - schools, hospitals, cliniCS. 

iii. Agriculture - animal shelters, storage sheds, fenoing, feed 
troughs, crates. 
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iv. Public works - bridges, docks, irrigation systems, storage 
buildings. 

v. Military - barracks, warehouses, pallets, carting. 

vi. Railroads - ties, crossings, maintenance and storage buildings. 

vii. Mines - mine timbers, workerehousing, warehouses. 

viii. Industrial construction - factory buildings, warehouses, 
workers housing. 

ix. Manufacturing - furniture plants, prefabricated housing, 
truck and trailer manufacturers, pallets, crates. 

x. Miscellaneous - general public consumption for renovations, 
additions, outbuildings, marine construction including 
fishing boats, barges and personnel carriers. 

The identification of ths various end-use categories within the market region, 
While a relatively straightforward activity, requires an intensive review of any 
published material (such as directories) an~most importantly, direct interviews with 
knowledgeable representatives of all applicable sawnwood consuming groups and of those 
engaged in the sawnwood manufacturing industry. These interviews should be organized 
in such a w~ as to obtain information required for the following stage. 

2.4 Sawnwood Demand, Supply and Specifications 

For each of the end-use categories identified in section 2.3, the following 
information should be developed: the specifications of sawnwood used, estimated annual 
consumption and supply, and future trends. Finally, the present and projected sawnwood 
supply-demand balance should be estimated. 

i. Sawnwood Specifications. It is vital to the planning of a sawmill, 
regardless of size, that a reliable definition be available of market 
requirements with respect to product specifications. To provide the 
necessary background information, the sawnwood specifications required 
by each of the end-use categories should be determined. 

Attention to detail is most important at this stage, as seemingly 
insignificant aspects with respect to grade, size, etc., can be of 
crit ical concern to the design and operation of the sawmill. \fuile it 
is unlikely that a single sawmill could meet the product requirements 
of all potential end-users within its market regio~ sound knowledge of 
the~tal picture can be of great value in making the final decisions 
as to which sectors to focus upon in a final market plan. Specific 
details which must be obtained are as follows: 

quality 

size 

tolerances 

dryness 

preferences with respect to species, colour, 
durability, strength, allowable defects. 

thickness, width, length. 

allowable oversize and undersize tolerances. 

acceptability of "green" sawnwood as opposed 
to requirements for partial drying or kiln 
drying. 
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ii. Annual conaumption. For each of the end-use categories, estimates 
are required as to the present volumes sold. These estimates should, 
to the greatest extent possible, include the volumes of each of the 
main specifications within each end-use category. These volume 
estimates are essential to the development of an understanding of the 
market. Information in ma.n.v inetances will be most difficult to acquire. 
The researcher should not become too discourapd. h01Mver, _ even a 
crude estimate, based on local knowledge and interviews, is better than a 
wild guess or, alternatively, no estimate at all. 

iii. Existing aawnwood supply. An analysis should be made of the existing 
sawnwood supply within the market region. This should include the 
following possible sources of sawnwood, 

sawmills within the market region, 

sawmills within the country but outside the market region, 

imported sawnwood. 

It should be reasonably easy to obtain information conoerning the existing 
aawnwood supply within the region. As muoh detail as possible should be 
obtained, particularly with respect to species, dimension and quality. 
Data on sawnwood entering the market region from external sources ( either 
domestic or foreign) ma,y be more difficult to obtain as Government etatistics 
are not alwqs available or reliable. Also, detail as to specifications 
of imports ma,y be lacking. Nevertheless, much usef'ul. information can 
usually be developed through interviews with those involved directly in 
the importation process, such as importers, wholesalers, retailers and 
transport organizations. 

iv. lI'uture trends. Some attempt must be made to identify IU\'Y trends which 
might be expected to af'fect the existing sawnwood supply-demand balance, 
and hence the competitive position of a new sawmill. Demand can be 
af'f'ected by changes in population and national wealth, as measured by 
gross national product per capita. Of great significance can be aqy change 
in government policy that could bear upon the supply of new housing units. 
Similarly, other wood-using sectors of the econo~ within the market region 
ma,y be developed as a result of government policy. Railwqs ma,y be expanded, 
new industrial plants subsidized, major public works projects undertaken, etc. 

CbaDs8s in sawnwood supply can occur due to a number of variables. 
Sawmilling capacity within the market region can increase or decrease due 
to factors such as wood supply, local market demand, the competitive 
position of individual mills, planned new mills, the availability of 
labour and so forth. Imports of sawnwood from mills outside the market 
region can change due to similar reasons, Imports from foreign suppliers 
ma,y increase or decrease in the future as a consequence of protective 
tari:f:fs, changing prices renecting economic conditions external. to the 
local market region and competition from domestic produoers. 

The following sources will provide useful information with respect to 
fUture trends and maxi.mum use should be made of them: 

population forecasts, 

government plans, 

economic :forecasts (public and private), 

judgement o:f experienced representatives of the sawnwood 
end-users and producers. 
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v. Supply-demand balanoe. Through examination of the previously 
developed estimates of current sawnwood supply and consumption, 
ooupled with the review of probable future trends, it should be 
possible to develop a reasonable assessment of the likely supply­
demand balanoe for sawnwood during the next five to ten years. 
Ideally, this assessment should deal with the main products. The 
foreoast of the supply-demand balance will only be as reliable as 
the input data. \'I'hUe high levels of acouracy should not be 
expected, if the previous work has been done with oare,-a-useful 
indication of future opportunitieo can be developed. 

Also, projected shortages of certain types of sawnwood ~ be identified 
which oan have a direct bearing on the planned product-mix for a new saw­
mill. Conversely, although it is unlikely, the supply-demand projection 
ma.v reveal an excess of supply relative to demand, thus signalling the 
need for extreme caution in the short-term development of new milling 
capacity within the market region. Similarly, an excess supply of a 
particular item ma.v be indicated, once again providing invaluable 
information in planning the product specifications of a new mill. 

2.5 Distribution 

It is important to determine the means by which the millis produot will reaoh the 
market-place. Local and regional distribution methods will have a great bearing on 
selecting an appropriate approach for a new mill. In situations in which there is 
an existing sawmilling industry within the market region, clearly developed distribution 
patterns ma.v have been established, and it is probable that a new mill, particularly if 
it is small, would beoome part of the existing system. 

In the absence of a well structured distribution network it will be necessBr,y to 
determine the most effective means of distribution for any new operation. In any event, 
the existing situation should be carefully appraised. Distribution ohannels, and the 
assooiated costs, should be identified. This can usually be accomplished with little 
difficulty, particularly by someone who is familiar with local business practice. One 
or more of the following distribution systems will normally apply: 

i. Direct Sales from Sawmill to End-User This usually involves local 
builders, etc.,purchasing directly from mill inventory. The mill ma.v 
deliver, either with its own vehicle, or by a contraot hauler, to the 
user's designated site in exohange for a delivery fee. Alternatively, 
the user ma.v pick up his requirements directly from the mill yard. This 
distribution method offers the advantage of simplicity and the avoidance 
of a "middleman". It is appropriate when volumes are low and there is 
no adequate distribution network in place. It does involve the mill 
operator in direct dealings with many customers and therefore a relatively 
high degree of paper work. Also, unless the tenns of sale are striotly cash 
against delivery (or pick-up), the sawmiller exposes himself to considerable 
credit risk in that many of his customers ma.v be of marginal financial means. 

ii. Co-operatives. If the sawmill itself is part of a oo-operative group, the 
distribution system ma,y already be established. Alternatively, an independent 
miller ma.v wish to distribute his sawnwood through one or more existing co­
operative groups within his market region. 
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iii. Private Haulers. In some situations individual haulers m~ wish to buy sawn­
wood from the mill on speculation and then resell and deliver to local con­
sumers, thus essentially performing the wholesale-retail function. Once 
again, credit risk is an important consideration and, in most cases, the saw­
miller would be well-advised to deal only on the basis of cash upon pick-up. 

iv. Retail Shops. If the market region includes one or more good sized towns, it 
is probable that sawnwood retail shops m~ exist. Although they will already 
have supply sources, it is likely that the output of a new mill will be of 
interest, part icularly if there is an existing supply shortage. The sawmiller 
will need to decide whether or not to become contractually involved on an 
exclusive basis with a.l'\Y particular retailer, or whether to maintain an "open­
market" position. Much will depend upon the reputation, size, capability and 
financial status of the various retailers available to the miller. 

v. Wholesale Distributors. In major population centres in which large volumes of 
sawnwood are consumed and where there are many suppliers, the distribution 
channels tend to become more complex. As it becomes increaoingly difficult 
for individual sawmills and retail operations to communicate effectively due 
to the number of firms and the \",ide variety of specifications involved, whole­
sale operators are formed to fill the need for further specialization. These 
"middleman" firms often prefer to have exclusive (or at least partially 
exclusive) arrangements with a group of sawmills in order to assure a supply 
source. If the wholesaler is well financed, the sawmiller's credit risk is 
minimized, and the mill's salea function is greatly simplified in that large 
volumes are sold at one time to one buyer (the wholesaler). illiile this ~ 
Seem attractive, particularly to a mill o~1er/manager who is more interested 
in mill operations than marketing, there is a danger of becoming excessively 
committed to ver-y few buyers (perhaps only one). Control over marketing can 
be lost, and the sawmill's management m~ become insensitive to changing trends 
in the end-use sectors of the sa\fflwood market. 

vi. Government Agencies. National policy may dictate that all sawnwood production 
be distributed through one or more government agencies, in which case the 
question of selecting the most appropriate distribution channel obviously does 
not arise. However, in the absence of an overall national distribution system, 
there will undoubtedly be various governmental agencies whose activities 
include the utilization of sawnwood. Housing and transport authorities, civil 
works, transport agencies, government-owned industrial and resource companies 
and the military Can all be large consumers of samlwood. Typically, such 
agencies tend to deal directly uith a oawmill and will arrange their own 
transport • 

Usually a typical distribution system for a given sawmill will involve some com­
bination of the foregoing elements. It is most important that a d1stribution policy be 
formulated during the planning stage in order to avoid conflicts and to assist in attain­
ing the best possible price for the aawnwood. If, for example, it is decided to sell 
to local retail stores, a clear policy must be established and maintained with respect 
to dealings with private individuals or firms who might otherwiae be customers of the 
retailer. Simi 1 nrly, allocations of future production must bo made and adhered to if 
agreements are made to support certain "middlemen" or supply specific government agencies. 
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2.6 !Z!.2!. 

A sound understanding of the price structure for sawnwood within the market region is 
of great importance. Price is usually the most critical variable in determining the 
return on investment of a sawmill operation. In a competitive and uncontrolled environ­
ment the individual sawmill operator usually cannot exert much influence on price levels. 
It is particularly important that those who pl1l.t1 a sawmill development take an objective 
viewpoint of price and avoid any temptation to assume higher than actual levels or to make 
overly optimistic projections of future trendc. A realistic assessment can only be 
achieved with a sound knowledge of local conditions. 

The existing pricing mechanism for sawnwood within the market region should be care­
fully identified. Discussions should be held with sawmillers, wholesalers, retailers and 
government officials. Any special arrangements such as prioe ceilings and cartels should 
be taken into account. Care must be taken to identify all deductions which would normally 
apply. These can inClude all fonns of taxes and special government levies, transport 
charges, handling costs, trade and cash discounts and commissions. 

A comprehensive review must be made of the current price structure including separate 
prices for each species, grade and size. Care should be taken to identify the make-up of 
these prices in order that all appropriate adjustments can be made in working up equivalent 
prices at the mill (mill net price). 

Finally, some attempt should be made to identify future price trends. To the extent 
poSSible, the major factors affecting sawnwood prices should be determined and assessed and 
past trends identified and analyzed in order to provide possible indicators of future move­
ments. The prOjection of sawnwood prices should be approached with considerable caution, 
particularly when there is any competition from imported material within the market region. 
The developer planning a sawmill of the sizes considered in this manual should concentrate 
on attempting to identify the broad probability of significant price changes over the 
initial three to five year period of the mill's operation. If pOSSible, the approximate 
timing and magnitude of such change should be estimated in order to plan for suitable con­
tingencies in the project's working capital and cash flow projections. 

2.1 Marketing Plan 

Utilizing the information previously developed with respect to the characteristics of 
the available wood supply and the market, a Simple marketing plan should be prepared. 
This is a vital aspect of the planning process and will lead to the most favourable 
utilization of the wood supply relative to market opportunities. The marketing plan 
should include the following elements: 

i. Revised (as required) definition of the market area. 

ii. Key end-use sectors of the market to which the mill's output 
will be directed. 

ili. Sawnwood specifications (species, grade, size and seasoning) 
best suited to the wood supply and the market requirements of 
the selected end-use sectors. 

iv. Distribution chnnnes to be used. 

v. The weighted average mill net price, based on current market 
levels and the appropriate product specifications.* 

* For a sample calculation, refer to illustrative case in Part II, Case Studies. 
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In addition to the preceding key elements of the marketing plan attention should also 
be given to the following: 

i. Inventory levels required to meet da3-to-da;y sales, particularly during 
periods of high seasonal demand. 

it. The need to develop grading rules in the absence of appropriate local 
standards. Since the product will be primarily of a construction 
type, with the emphasis on utility rather than appearance, a simple 
grading convention will usually be su:f'ficient. Three to four oate­
gories should be adequate, with the defect allowanoes being related 
striotly to the suitability of the material for its intended end-use. 
Should it be necessary to develop grade definitions, it is advisable 
to follow a well proven model such as the Nal~sian Grading Hulen, 
with appropriate modifications for local conditions. Grading rules 
should be as oimple as possible and free of ambiguity. They should 
be made easily available to all those in the production, marketing 
and usage of the mill's output. The main purpose of grading rules 
is to assure the buyer of the mill's products that the quality of a 
particular grade of sawnwood will be consistent at any time. Further­
more, price typically depends on the grade. 

iii. The development of sales documentation and control procedures should 
be included in the planning process. Documentation should be kept 
as simple as possible. It should satisfy the control requirements of 
the firm's auditors and provide the necessary record-keeping for 
shipping, inVOicing and inventory control. 

iv. Although not usually necessary with a basic commodity such as construction 
type sawnwood, some consideration should be given to the possible need 
for advertising, particularly during the mill's start-up period. Usually 
a simple advertisement placed inthe local newspaper or posted at community 
focal points will be su:f'ficient, particularly if there is an existing 
under-supply of sawnwood within the market reeion. 
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3.0 IlDUSTRIAL PROCESSING 

3.1 Oeneral 

The machinery required to manufacture the type of lumber contemplated in this guide 
is basically simple, the essential requirements being: 

i. A machine to saw the log lengthwise along lines parallel to the surface 
of the log or to the axis of the log, so as to produce pieces of the 
desired surface. 

ii. A machine to saw these pieces lengthwise to remove the wane (rounded edges) 
and produce narrower pieces of standardized width having parallel edges. 

iii. A machine to crosscut the pieces so as to produce square ends of standardised 
lengths and trim off defective wood. 

A variety of machines ranging from simple to elaborate are available to do this work. 
In keeping with the theme of this guide, only simple, reliable machinery which is ea~ to 
operate and maintain is considered. Such machinery, when properly maintained and operated, 
is quite capable of producing good lumber at a satisfactory rate, as long as log supply is 
suitable and adequate. 

For the sizes of sawmills considered in this guide the machinery required would be: 

i. A "headrig", consisting of a travelling carriage capable of transporting 
the majority of logs for longitudinal cutting and either a circular or 
band headsaw. The small number of logs which exceed the headrig capacity 
should be split in half lengthwise, usually by chainsaw. 

ii. A "resaw" of circular or band type, to accept large slabs and cants from 
the headrig and make further longitudinal cuts through the width or thickness. 

iii. An "edger" with at least two parallel saws capable of being set to standardized 
spacings by hand controls and making longitudinal cuts through the thickness 
of pieces received from the headrig or resaw. 

iv. A "trimmer" consisting of one or more fixed or movable saws arranged to 
crosscut pieces arriving from the headrig, the resaw or the edger. 

The auxiliary equipment needed includes the following: 

i. A means of transport1.ng''bu.cked''logs :from the log storage area (land Or water) 
to the infeed deck of the headrig. 

ii. A log infeed deck to facilitate loading the logs on1;o the headrig carriage. 

iii. A log turning device to turn the logs on1;o carriage for best sawing position. 
iv. A roll case or other means to receive the pieces sawn off the log by the headaaw 

and transport them to the resaw and edgsr. 
v. Infeed tables to reoeive and hold pieces waiting to go through the resawald edger. 

vi. Out feed rollcases to receive boards from the resaw and edger. 
vii. Transfer arrangements and tables leading to trimming and crosB-cutting. 

viii. A green chain where freshly cut boards are graded for quality and sorted for 
size and length. 

ix. Means to collect and remove from the immediate operating area all residues such 
as sawdust, bark, edgings, trim ends and broken pieces. 

x. Facilities to segregate and store the above residues for use as fuel and pulp 
mill furnish or to be used by secondary indUstries, agricultural concerns, and 
so on. 
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3.1.1. Type of mill to be considered 

The principal typos of small sawmills to be considered in this guide are as follows: 

- Mobile or portable sawmills, 

- Semi-permanent sawmills, 

- Permanent sawmills. 

i. Mobile or portable sawmills usually consist of a circular saw headrig, a simple 
log carriage, a two-saw edger and a diesel or gasoline mechanical power unit. 

This machinery is usually mounted on a prefabricated steel framework equipped 
with road wheels so that it ma,y be towed into the working area where it is 
blocked and levelled. Modern units of this type are availa.b1e from a number 
of sources and cost from $80,000 to $200,000 depending on the options selected 
and based on 1979 prices. 

ii. Semi-permanent sawmills are comprised of conventional units of headsa~l, 
carriage, edger and trimsaws mounted on steel and timber support structures 
on timber foundations. J.unimal weather protection is provided and the saw­
mill IIIa\Y be dismantled and moved to a new location every two or three years 
as the log supply dictates. The cost of a semi-permanent sawmill of this 
type driven by diesel power and with minimal auxiliaries will be from 
$800,000 to $1,600,000. 

iii. Permanent sawmills are comprised of conventional units of headsaw, carriage, 
T'eS8W, edger and trimsaw with rollcases, transfer tables and refuse con­
veyors, all mounted on steel and timber supports on concrete or treated 
timber foundations. Permanent types of building construction provide 
weather protection and the entire mill fonns an important factor in the 
cODllNl1ity in which it is located. The cost of this type of sawmill will 
be from 81,700,000 to $2,500,000. 

The specific type of mill chosen will be influenced by the state of development of 
the log supply and whether or not a market for the mill output already exists. 

Where the log supply is to be drawn from a previously unused forest area, there will 
usually be a considerable volume of logs extracted during the initial development phase as 
land is cleared for roads, landincs and building sites. These logs can be conveniently 
processed into timbers and planks by using a mobile or portable mill close to the source 
of supply. The lumber produced can be utilized for forest and sawmill development or it 
can be sold to generate cash flow and assist in developing markets. 

If the log supply is to be drawn from an area already producing a small quantity of 
logs for use in saw pits or low-powered private sawmills, then there would be a basis 
on which a semi-permanent or permanent sawmill could be developed. 

3.1.2 Log Supply of up to 5,000 m3/A 

For a log supply volume of about 5,000 m3 per annum a mobile or portable sawmill 
operation is the most economical approach and such a sawmill can follow the developing 
logging roads into previously unused areas. Capital requirements are low, the quality 
of lumber produced is quite acceptable for the end-u ... contemplated, and operating ~ 
power is four to eisht men depending on options selected. 

A typical l83'out c:L a small mobile or portable sawmill is shown in Figure lll'1d Plate 1. 
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Plate 2 A semi-permanent oircular sawmill set directly on the ground 
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3.1.3 Los Supply of up to 10,000 m3/A 

With a log supply volume of about 10,000 m3/A a semi-permanent mill permits more 
flexibility in the range of end products, improves dimensional accuracy in sizing and 
increases lumber recovery from the logs. Auxiliary equipment such as rollcases and 
transfer tables can be included to facilita~e lumber handling within the mill, as well 
as refuse and sawdust conveyors to assist in keeping the working areas clear. 

Such a mill could be located near an established community where stability of the 
work force would be an asset,and the availability of by-products from the sawmill could 
encourage small secondary industries. The primary lumber output of the sawmill could 
be sold in the immediate area if a demand exists, or be transported to developed areas. 

If an increase in the volume of sawlog supply over a period of years from 10,000 m3/A 
to 20,000 m3/A is feaBibl~then the initial mill could be constructed as a permanent mill, 
laid out in such a way that expansion to the higher capacity can be easily achieved when­
ever the demand for lumber justifies such expansion. 

A typical lEI\Yout of a semi-permanent or permanent sawmill is shown in Figure 2 and 
Plate 2. 

3.1.4 Log Supply of up to 20,000 m3/A 

With a sustained log supply of about 20,000 m3/A a permanent mill is feasible and 
~ well become a major factor in the development of local communities. 

With an input of this magnitude a resaw is added to share the load with the headrig 
and more trimming and sorting capacity is necessary. Furthermore, log handling into 
the mill, log cleaning, removal of finished products and of by-products must keep pace 
with the production capabilities of the mill machinery. Generally, more power is applied 
to the headsaw, resaw and edgers to obtain faster cutting speeds than those used in semi­
permanent mills. 

The layout of a permanent sawmill as shown in Figure 3 is an augmented version of 
the mill described earlier for 10,000 m3/A. 

3.2 Site Selection 

Assuming that an adequate source of logs has been identified (Section 1.1), the 
selection of a site for a sawmill would be influenced by three major factors, namely, the 
type and scale of the sawmilling operation, the cost of transporting logs to a proposed 
Site, and the location of an existing community that could provide much of the work force 
and reduoe or possibly eliminate the need for building houses for employees and other 
servioes. 

In opening up a new area not previously logged a mobile or portable sawmill following 
the road development can provide a source of construction material or can generate early 
oash flow with minimal capital investment. A suitable site in this oase would be a small 
olearing on a level area at roadside. 

In the case of larger projects with an established, reliable log extraction operation, 
a semi-permanent or permanent sawmill is more suitable. A mill of this type requires 
some form of log transportation system to deliver logs from the forest to the mill 10g yard. 
~ locating a sawmill near an established community it ~ be possible to take advantage of 
existing roads or rivers for log transportation. 
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Since the costs of loading logs onto trucks or into a river and offloading to storage 
at a sawmill are independent of distance travelled, the benefits to be derived from a better 
site location such as near an existing community usually outweigh the costs of any extra 
distance of transportation. 

3.2.1 Site Criteria 

-.L'he following points will serve as a checklist for ev'tluating potentinl sawmill sites: 

1. The terrain should be fairl;y level or gentl~,' sloping to fo.cili ta.te drainage. 

ii. The sub-soil should be compact, well-drained sandy gravel able to Bustain 
wheel loads from logging trucks and fork-lift trucks. 

iii. The area should not be subject to flooding 'by high water levels in nearby 
rivers or lakes or by flash floods from higher ground. 

iv. It should be acceSsible to road or river or hoth to facilitate log transport 
from the forest to the mill and the shipment of lumber to the market arasa. 

v. If adequate electric power can be brought to the site from a nearby source, 
there is a major capital cost and operating cost advantage. 

vi. There should be a good fresh water supply for drinking, log sprinkling and 
fire-fighting 

vii. Location close to all established community provides the social amenities 
desirable for a stable work force and assists in the development of the 
community. 

viii. Direction of prevailing winds should be such as to carry any smoke or dust 
away from the community. 

3.2.2 Site Area 

For a small mobile or portable sawmill operating close to the forest access roads, 
an area of one to two hect~es is sufficient to accommodate minimal log storage, the saw­
mill, lumber storage and traffiC circulation. 

For sawmills processing 10,000 to 20,000 m3/A of logs the site sren may be estimated 
in the following manner: 

3.2.c.l. Log Yard 
i. Assume an average y;'rd inventory of auout 2,500 m3 of logs (or l'fhatever is 

necessary to carryover any expecteo logging shutdown period). 

ii. Assume maximum log length to ·ue 5 m. 

iii. Assume stack heie:ht to avera.ge nbout 1.5 m. 

i v. Assume average stack density to l.e about 5CJf: (allows for short 1 ,,;~ , 
bowed logs, etc.). 

v. Allow for roadways with a width of 10 m between stacks and 10 m wide 
roads at the sides and ends. 

Then, ar~a occupied by stacked logs is 

2,500 m3 
1.5 m height x 0.5 density 

Total area of log stornee including roadways and circulation ranges between four 
and five times the stack .:treo, de~~mding on yard configuration. Therefore, for 
single s~cies storage of 2,500 m logs, allow 3,330 x 4.5, or approximately 
15,000 m for the yard area. 
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If a species separation is made in the log yard, then more area will be 
needed so that the inventory of each species m~ be built up without over­
lapping into the area assigned to another specie~. If the maximum 
inventor,y of each species is to be about 2,500 m , then the total yard area 
will be approximately 15,000 m2 times the number of species groups. Hence, 
if 3 species group separations are made, the necessary log yard areas will 
be approximately 15,000 x 3 D 45,000 m2 • 

It can be seen from the above that the log yard area is a function of log 
inventor,y requirements rather than of sawmill capacity, although the larger 
sawmill will carr,y the greater log inventor,y to accommodate periods of 
logging shutdown due to bad weather conditions, for example. 

3.2.2.2 Air Drying Yard 

i. Assume an average peri od 
lumber. 

of 6 weeks in the air drying yard for stacks of 

H. ASSum~ about 60 m3 solid 
100 m 

wood equivalent (S.~I.E.) of lumber from each 
of logs processed by the sawmill. 

iii. Assume that stacks contain about 20 m3 (S.W.E.) of lumber(5m x 2m x 2m). 

iv. 

v. 

vi. 

Assume maximum stack length to be 5 m. 

Assume average stack denSity to be about 8aj,. 

Allow for roadways ... Ii th a Hidth of 10 m between cltacks and 10 m wide 
roads at the sides and ends. 

Then, lumber volume produced by sawmill in 6 weeks is: 

1°1°00 x 6 60 + 692 m3 (S.W.E.) 52 
x 100 

622 m3 + ? 

2m height x 0.8 density 433 m-

Total area of air drying yard, plus roadways und Circulation, ranges between 
5 and 7 times the stack area dependin~ on yard configuration. Therefore, 
for single species storage of f 6~2 m of lumber closely stacked, allow 
433 x 6, or approximately 2,600 m for the yard area. If species 
separation is made, then somewhat more area ~ be needed depending on the 
proportion of each species, say ± 3,000 m2• 

If yard drying time is greater or less than the assumed 6 weeks, then the 
yard area should be adjusted proportionately. 

It can be seen from the above that air drying yard area is a function of 
both the sawmill output rate and the dr,ying time. Thus, a 20,000 m3 saw­
mill would need double the area for the same drying time. 

).2.2.3 Building Area 

The area occupied by the sawmill, offices, workshops, power unit, sanitary 
facilities, fire water pond and circulation roads is usually no more than about one 
hectare for the size of sawmills under consideration. 
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3.2.2.4 Log Pond 

For thoDe sites where log storage is in a log pond, the nrea of water surface 
may be estimated as follows: 

i. Assume an average log inventory of about 2,500 m3 of logs (or 
whatever is necessary to carryover the expected logging shut­
down period). 

ii. Assume maximum log length to ·be 5 m. 

iii. Assume average log dio.rneter to he 600 mm. 

iv. Assume that all logs are floating in a single layer on the 
water surface. 

v. Assume an average log to water area ratio of 75'7< (allows for 
bowed loge, short logs, etc.). 

Then, water surface are.:1. occupied by floating logs 

2,500 m3 + 2 1,100 m 
II 41 (0.600) x 0.75 ratio 

Total area to allow for log moving, boat wa;ys, and circulntion ranges between 1.25 and 
twice the above ar~a, depending on pond configuration. 2Therefore, for single species 
storage of 2,500 m logs allow 7,100 x 1.6 or Z 11,400 m for the pond area. 

If a species separation is to ue made in the log pond for 2,500 m3 of logs, then 
somewhat more aren may be needed so that the inventory of each species may be built up 
without overlapping into the uren aSEigned to another species gro~p. Hence, if three 
species group s~paration6 are made, the log pond nre~ may have to be increased to approxi­
mately 14,000 m • 

3.2.2.5 Examples of Site Areas 

i. Log supply 10,000 m3/A; 
3 species sorts 
Air drying time, 6 weeks 

a) Log ;yard 

b) Air drying yard 

c) Building fl.l'ea. 

ii. Log supply 10,000 m3/A; pond 2,500 m3 
3 species sorts 
Air drying time, 6 weeks 

a) Log pond 

b) Air drying yard 

c) Building area 

2 15,000 m 
2 3,000 m 

10,000 
+ Total .. -28,000 

m2 
2 

m 

2 14,000 m 
2 3,000 m 
2 10,000 m 

Total + 2 .. -27,000 m 
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iii. Log supply 20,000 m3/A; yard 5,000 m3 
2 species sorts 
Air drying time, 8 weeks 

a) Log yard, 15,000 x 2 
8 b) Air drying yard, 2,600 x 2 xl 

0) Building area 

iv. Log supply 20,000 m3/A; pond 5,000 m3 
2 species sorts 
Air drying time, 8 weeks 

a) Log pond 13,000 x 2 
8 b) Air drying yard, 2,600 x 2 x l 

c) Building area 

3.2.3 Site Layout 

Total .. 

Total .. 

2 30,000 m 
2 7,000 m 
2 10,000 m 

+ 2 -47,ooOm 

2 26,000 m 
2 7,000 m 
2 10,000 m 

+ 2 - 43,000 m 

The site should be arranged to promote an orderly flow of raw materials and 
products. Loes should be delivered to the log storage areas without obstructing other 
traffic in the sawmill area. Sorting, if required, would be carried out in the storage 
areas and logs would be transported to the infeed deck to maintain an adequate supply 
for the headrig. Similarly, the output of lumbE'r from the green cham should be moved 
to the drying yard, then to finished otoraee a.nd shipping area. (See fieures 1 to ).) 
If the site is located in an area surroundod by forest, a firebreak 30 m wide should be 
left clear around the entire perimeter of the mill proI~rty. 

3.2.4 Log Storage 

Log storage may be in a log yard, a log pond, or both, depending on the methods used 
to deliver logs from the forest. 

The small mobile or portable smm1ill in a. clearing close to a road conrtruction area 
needs only a few ~s inventory of logs, supplies being dependent on the logs extracted 
during the course of road construction. Ouch a. wood supply is often variable since 
difficulties in terrain Or unexpected bad weather m~ slow down road construction and con­
~">quently reduce the flow of raw materials. 

Sawmills with log supplies of 10,000 to 20,000 m3/A are designed to operatet.ive or Bix 
dB3s a week continuously, with at least one shift of 8 or more hours working time per ~. 
Under these conditions the log storage capacity must be sufficient to allow the sawmill 
to function at normal levels during periods ,,,hen log extraction is interrupted by seasonal 
bad weather or when forest workers temporarily leave their jobs to cultivate their own 
crops. 
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3.2.4.1 Log ~;torage Volume 

The log storage volume may be estimated in the following manner: 

i. Calculate number of full operating dayo in one year 

To'Lal dayG in year 

ii. 

Annual vacation shut down 

Heekend non-producing days, 50 x 2 

Religious andstatutor,y observances 

Production days per year 

Daily log volume requirements 

10,000 m3 
240 days 

14 da,Ys 

- 100 days 

11 days 

125 

41.67 m3 per day 

125 

g,~2 

iii. If the number of working d~s during which logs cannot be delivered to 
sawmill is 60 days, the 3minimum log inventory at start of a 60 da.,v penal. 
is 60 x 41.67 ~ 2,500 m loge. 

iv. The rate at which logs must be delivered to the mill in order to build 
up the inventory over a one year period is as follows: 

Total mill vlorkings d~s 

Non-delivery days 

Days when logs can be delivered 

Annual volume needed 

Therefore, daily delivered volume 

240 

60 

180 days 

;;7000 m3 

If the species mix of logs is such that it is desirable to segregate them 
into separate groups for sawing, drying and marketing, then the ratio of 
each speciea group to total log supply must be determined and the quan­
tities for inventory estimated as above. 

3.2.4.2 Log storaee Arrangements 

The arrangement of the log storage area should be designed to accommodate the 
following requirements: 

i. Segregation by species according to end-use and sm..ring char<l.cteristics 
(jf necessary). 

ii. Sorting of each species into groups by diameter and length,if the 
delivered logs are of variable sizes. 

iii. Orderly use of inventory to prevent oxcessively long storage periods, 
especially in the case of species highly susceptible to fungal stain 
or insect damage. 

iv. Development of properly aged stock piles of sufficient quantity to carry 
over periods when logging is not possible. 

v. Separation of piles to reduce hazard of fire spreading from pile to pile. 

vi. Ease of moving logs from storage to the sawmill infeed. 
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3.2.4.3 Log Yard 

The log storage yard should be positioned near the log infeed of the mill so that 
travel distances are minimized. The surface should be cleared and grubbed to remove all 
topsoil, stumps and large roots. A top dressing of unsorted gravel and sand should be laid 
and compacted to a depth of about 200 mm to form a base for the roadw~s and assist in 
checking regrowth of weeds. 

To reduce the deterioration of logs during storage, stockpiles should be regularly 
sprayed with water or stored in log ponds. (see 3.3.~) 

Travelled roadw~s should be surfaced with graded crushed gravel to provide a well­
drained running surface under all weather conditions. About 250 mm of gravel surface is 
normally suffiCient, although this quantity may vary according to local conditions. 

Roadways and stacks should be aligned so that heavy rainfall drains away from the site. 

stacks of logs should be supported off the ground on longitudinal decay-resistant logs. 
This will keep sand and gravel off the log surfaces,thereby reducing damage to saws. 

The method of estimating log yard area is described in 3.2.2. 

3.2.4.4 Log Pond 

The log storage pond should be positioned so that the maximum volume of logs are 
as close as possible to the log infeed of the mill. 

Although an existing body of water may be large enough to accommodate the required 
volume of logs, several other factors should be evaluated. For example, consider the 
following: 

i. Deep water makes it difficult to recover logs which sink while 
in storage. 

ii. Fluctuating water levels may prevent movement of logs into the 
mill during periods of low water. 

iii. strong water currents during times of floodine may carry away 
logs from storage. 

If a log pond is to be constructed, the most economical shape is a circle or, to a 
lesser extent, a square. The water should not be deep, provided it is sufficient to 
float the largest or heaviest logs. A shallow pond facilitates recovery of logs which 
are stored submerged or which sink while in storage. 

Logs are hauled from the pond into the mill along skidways, which should be positioned 
directly in front of the sawmill infeed. Log channels lined with long floating logs 
chained together serve to lead the sawlogs in an orderly manner towards the skids. The 
logs in the channels should be oriented so that they approach the skidway without having to 
be turned. The skidway should deliver them on to the infeed deck in the correct position 
for loading on to the carriage. 

3.3 Log Protection and BandliS 

3.3.1 Log Protection 

Logs in storage need protection from fire, insect and fungus attack and deterioration 
due to uneven drying. 
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The characteristics of the species and local conditions will determine whether logs are 
best stored with bark on or off and whether the log stacks would be sprinkled with wa.ter or 
left dry. The major advantages of sprinkling the log stacks include protection from fire 
and a reduction of the incidence of insect ?nd fungal damage. Sprinkling also reduces end 
ohecking and log-splitting and gives a more uniform moisture content which improves the sa.w­
ing properties. 

Small mobile or portable sawmills using about 5,000 m3/A of logs normally require only 
minimal fire protection because the period of log storage is relatively short. 

Mills processing 10,000 to 20,000 m3/A have larger log inventories and therefore 
regular sprinkling is important. If the site is surrounded by heavy forest, a firebreak 
about 30 m wide should be cleared around it. 

3.3.2 Log Infeed 

The eqUipment required to transfer logs from the storage yard to the log infeed deck can 
be simple and relatively inexpensive. 

For the mobile or portable sawmill processing about 5,000 m3/A animal power can be 
used to pull a simple sleigh carrying the logs. The logs should not be dragged directly on 
the ground as this inevitably results in sand and stones being embedded in the surface of 
the logs, causing expensive damage to saws and severe loss of production time. 

For the sawmill processing about 10,000 m3/A a simple ",jammer" or log-carrying truck 
can be used. This need be nothing more than a substantial truck chassis with a hoist frame 
and winch on the back to lift and carry the logs to the infeed deck. Alternatively, a 
number of logs could be loaded on to a simple trailer and towed to the log infeed deck. 

For the sawmill processing about 20,000 m3/A similar equipment can be used, but in 
larger numbers to handle the increased volume. It is difficult to justify the use of lar~ 
heavy duty, log-carrying fork trucks in this size of operation since they require large 
manoeuvring areas and good all-weather roads, in order to withstand the high wheel loads 
which such vehicles impose. They are also very expensive to purchase and maintain. 

3.3.3 Log Infeed Deck 

The log infeed deck is an arrangement of supports leading to the position where logs 
are loaded on to the headrig carriage. The incoming logs are placed on the supports 
parallel to and in line with the log lc~ding position. (See Plate 2.) 

The supports may be comprised of skids set on a slight downward slope, over which the 
logs roll or slide by gravity to the loading position, or they may be horizontal chain ways 
with a powered feed controlled by the head sawyer. 

At the loading position it is necessary to have substantial log stops to prevent logs 
from falling into the carriage travel zone. The log stops are frequently combined with 
log loading arms designed to assist the movement of the log from the infeed der;k on to the 
log carriage. Log turning devices are frequently installed as part of the infeed deck. 

3.3.4 Log Cleaning 

Prior to loading on to the log carriage for the first cuts the logs should be mspected 
for embedded stones, sand or scrap meta.l. This is best done in an area Just uhead of the 
actual log infeed deck so that the workers removing these ob,jects are not exposed to an,)' 
moving equipment. A water spray is very useful for washing away sand and grit on the log 
surface. 
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Plate 3 Ciroular sawmill headrig with top saw 
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3.3.5 Log Debarking 

The debarking of logs has advantases in that it reduces damage and wear on the headsaw 
caused by sand and stones, which often become imbedded in the bark during logging, trans­
portation and handling in the mill yard. A reduction in wear on the headsaw gives longer 
time intervals between saw sharpening and, consequently, higher production per shift, as 
well as reduced saw sharpening oosts. A bark-free log can a.lso be evaluated more effectivd¥ 
by the head sawyer and this should improve the grade of the lumber produced. 

Debarking ma,y be carried out by unskilled labour, using hand tools before the logs 
reach the infeed deck. Alternatively, mechanical debarkers m~ be used, installed ahead 
of the infeed deck. 

In assessing the feasibility of debarking, the cost of1his operation has to be related to 
the estimated value of the benefits outlined at the beginning of this section. For the 
sizes of sawmills considered in this guide, however, mechanical debarkers are generally too 
expensive to justit,y their use, unless a market for waste wood develops for pulp production. 
For this purpose the waste wood must be free of bark. 

In the event that the addition of a mechanical debarker is justified, there are four 
types to be considered: 

i. Chain flail 

ii. Rosser head 

iii. Cambial 

iv. Ring. 

Chain flail debarkers are not suitable for removing stringy bark and the cambial and 
ring types are both expensive to purchase and mainta.in. The rosser head debarker is 
generally the most effective for use in small sawmills. 

3.4 Kachinery Required 

An appropriate type of headrig for a mobile or portable sawmill would have a circular 
headsaw 1,200 mm to 1,500 mm in diameter, that would cut maximwn log diameters of 650 mm 
to 850 am. Inserted tooth saws are satiafactory for a wide range of species and are 
relatively easy to maintain. 

The manually set edger would have two circular saws of about 500 mm diameter to cut 
thicknesses of up to 150 mm. 

A single swing or slide crosscut saw would perform any cutting to length. In the 
early stases of development much of the lumber could p:t'obab1y be marketed without end 
trimming. 

A diesel engine rated at 130 kW would be adequate. It would consume about 13 litres 
of fuel per hour of production. 

A mill for 10,000 m3/A log supply should have a circular headsaw of 1,500 mm diameter, 
plus a top saw of 1,000 mm diametex; to accept logs with a maximum diameter of 1,200 mm. 
(See Plate3-) 

A manually set edger with two circular saws of about 600 mm diameter to cut thicknesses 
of up to 200 mm would be required. (See Plate 4. ) 
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A two-saw "Mountain Type Trimmer" would perform all grade and length trimming for 
planks and boards. A single swing or slide crosscut saw would be used for timbers. (See 
Rate 5.) 

Log handling from log yard to headrig infeed deck could be carried out by animal power, 
or a simple hoist-equipped log-ca.rrying truck. From water storage loge could be handled 
using a akidw~ equipped with a cable and winch. 

A diesel engine rated at 150 leW would provide power for the mill. 
about 15 litres of fuel per hour of production. 

It would consume 

A mill for a log input of 20,000 m3/A would ha.ve the same headrig as the 10,000 m3/A 
mill, but with more power to the saws allowing faster feed speeds. A reoaw with 1,000 mm 
diameter saw would share the3ripsawing load with the headrig. Edger and trimmers would be 
the same as for the 10,000 m /A mill, but a longer sorting table would be necessary after 
the trimmer. More rollcases, transfer tables and by-product conveyors would assist in 
moving lumber and keeping the operating :floor clear. 

Power requirements would rise to about 250 kW and could be provided by two 130 leW 
diesel-electric sets consuming about 26 litres of fuel per hour of production. 

3.4.1 Log Sawing or "Breakdown" 

When a log is loaded on to the carriage of a headsaw the saw,yer must position the log 
in· the best orientation for the sawing pattern he wishes to use. The general configurati.cn 
of the log also has a significant influence on the position in which it is placed. 

Another major factor to be considered is whether, in a given speCies, the good wood is 
on the outer surface of the log or in the centre of the log. When the good wood is at the 
surface, the log must be positioned on the carriage so that a:ny longitudinal taper is taken 
up on the carriage knees and the face of the log to be cut runs parallel to the sawing line. 
If the good wood is in the centre of the log, the carriage knees should be adjusted so that 
the longitudinal axis of the log is parallel to the sawing line. 

Wlien the log has a pronounced "sweep" from end to end, the first cuts are usually made 
with the sweep positioned in the vertical plane. 

3.4.1.1. Sawing Patterns 

The sawing patterns to be followed are based on the market requirements in an area. 
In some areas, the market appears to demand a very wide range of thioknesses and widths of 
lumber and this practice can often be attributed to the versatility of very small sawmills 
and pit-aawing operations which, in the past, could afford to cut for the specific require­
ments of each customer. 

In order to obtain high lumber recovery and provide for the widest markets, it is 
usually necessary to rationaliae the sizes of lumber to be cut. Standardized thicknesses 
and widths should be established in ranges that permit larger sizes to be further broken 
down by remanufacturing saws. 

Within the terms of reference adopted for this guide the principal output of the small 
and medium-sized sawmills will be construction type lumber, with the following dimensions 
and suggested end uses: 
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Plate 5 Swing saw used f'or trimming lumber 
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i. Boards of about 25 mm thickness and in widths from 100 mm to 
300 mm in 25 mm or 50 mm increments. These are suitable for 
concrete formwork, roofing, flooring and box-making. 

ii. Planks of about 50 mm thickness and in widthB from 100 mm to 
300 mm in 50 mm increments. These are suitable for framing 
lumber for concrete formwork, house frames, small building 
frames, floor joists, roof rafters and furniture. 

iii. Timbers with thicknesses of 75 mm to 300 mm in 25 mm or 50 mm 
increments and widths from 75 mm to 300 mm also in 25 mm or 50 mm 
increments. These are suitable for posts, beams, girders, rail­
way ties, mining props and for remanufacturing in secondary 
industries. 

In a small mobile or portable sawmill cutting 5,000 m3/A of logs, the normal output 
would be primarily planks and timbers of the larger sizes. This usually provides the 
most economical operation for this type of mill and permits the largest volume of good 
lumber to be moved to the market as quickly as possible. Figure 4a indicates the type 
of sawing pattern which could be used. 

In a sawmill with 10,000 m3/A log supply the machinery is of heavier construction 
and greater power. It will produce the full range of sizes suggested above at a faster 
rate and with better accuracy than the mobile or portable mill. The number of cuts to 
be made on the headrig is the limiting factor in mill production. Figure 4b shows a 
typical. sawing pattern for a mixture of boards, planks and timbers which will ensure a 
good recovery of lumber from the log. 

In a sawmill with 20,000 m3/A log supply the primary rip-sawing load is shared 
between the headrig and the resaw and more power is applied to the saws to achieve the 
required production rates. The full range of suggested sizes can be produced. Figure 4c 
shows how the same cutting load as in Figure 4b can be shared between the headrig and the 
resaw. The edger load remains the same. 

The sawing patterns illustrated are only examples of certain typeSj patterns 
actually used can only be developed after the market requirements have been defined. 

For the small percentage of loes with a diameter too large for the headrig, special 
sawing patterns may be required. The oversize logs should be split into quarters by 
sawing lengthwise with a sui table cha.in sa.w or b~' spli tUng with wedges. Each quarter 
is then loaded on to the carriage and brolc:en down in a manner similar to the examples 
shown in Figures 4d and 41'. 

For those logs with severe rot in the centre, or hollow logs, other patterns must 
be developed to recover lumber from the sound annulus. (Figure 4e). 

It must be emphasized that the foregoing comments on sawing patterns have, of 
necessity, only touched lightly on the subject. It is beyond the scope of this guide 
to go into greater detail. 
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3.4.1.2 Breakdown Machinery 

The primary breakdown machine in the sawmill is the headsaw. There are many types 
of machines and each has a sui table pla.ce depending on the volume and species of logs to be 
oonverted. A list of some types of headsaws suitable for small mills is provided below: 

i. Mechanical drive version of pit saw. 

ii. Chain saw with guided longitudinal travel. 

iii. Horizontal band saw on carriage travelling the length of the log. 

iv. Horizontal band saw with travelling log carriage. 

v. Circular saw headrig and log carriage. 

vi. nand saw headrig and log carriage. 

In order to process the volt~es of logs specified for this guide and to produce well 
manufactured lumber of specific dimensions at a consistent rate, the choices narrow down 
to either the circular saw headrig and log carriage, or the band saw headrig and log 
carriage. 

These two types were chosen because the basic sawing techniques are the same from the 
smallest mobile or portable sawmill to the permanent sawmill processing up to 20,000 m3/A 
of logs. Hence, a sawmilling operation starting with a small volume of logs can be up­
graded progressive ly as the log supply increases by adding more sawing capacity. Also, 
there is no extensive retraining of operating personnel required. Furthermore, these 
two types of headrigs produce more accurate and uniform lumber and there is less wastage 
of wood in the form of sawdust, particularly in the case of the band saw. 

3.4.1.3 Circular Saw Headrig 

The circular he~saw is Simple, strong and reliable and is easy to operate an~ 
maintain. Proper maintenance and good saw sharpening permit cutting accuracy and unifor­
mity which are entirely suitable for the end uses stated earlier in this guide. 

Depending on the size of logs to be cut, either a single saw or two saws mounted one 
above the other in the vertical plane can be used. (Plate 3.) 

As saw diameter increases the width of the "kerf" or saw-cut increases and a higher 
proportion of wood is lost as sawdust. Generally, circular saws with diameters in excess 
of 1,500 mm are more difficult to maintain and operate. Typically, a saw 1,500 mm in 
diameter with solid swaged teeth will produce a kerf of 8.7 mm, while a saw of the same 
diameter with inserted point teeth will produce a. kerf of 10.3 mm.* 

3.4.1.4 Band Saw Hea.drig 

The band head saw in its modern version is a strong and reliable machine. It 
requires more skill in operation and maintenance than does the circular headsaw. Proper 
maintenance and saw sharpening permit better cutting accuracy and uniformity than the 
circular headsaw. 

To cut logs with a diameter of 1,200 mm, a saw with wheels of approximately 2,400 mm 
diameter is needed. The saw blade runs in the vertical plane and is about 200 mm to 
250 mm wide. 

Band saws usually produce a narrower kerf typically about 4.6 mm for a saw suitable 
for the mills cutting 10,000 m3/A and 20,000 ~ /A log supp1~.'. 
*Queloh, P.S., "Sawmill Feeds and Speeds". 
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3.4.1.5 Log Carriage 

The log carriage must be large enough and strong enough to traverse the maximum 
size log through the chosen hendsa.w. A log l, 200 nun in diameter and 5 m long would weigh 
between 2,800 and 5,100 kg depending on species and moisture content. 

As the log rests on the carriage it must be firmly clamped by top and bottom "dogs" to 
prevent movement during sawing. A setting mechanism controlled by the sawyer advances and 
retracts the log in relation to the sawing plane. The supports and clamps muot be capable 
of adjustment so that either the log axis or the log surface can be sot parallel to the 
sawing plane. For the range of log leneths contemplated in this guide, either three or 
four sets of knees and clamps would be satisfactory. Log turning devices allow the sawyer 
to position the log correctly on the carria.ge for the best sawing pattern. 

Loading, log turning, clamping, taper positioning and setting can be perform~d by hand 
or by power-operated devices. In a small mobile or portable sawmill w~th 5,000 m /A log 
supply, hand power is usually acceptable. In a sawmill with 10,000 m /A log supply, some 
form of simple mechanical power de~ice to assist in loading and turning the logs would be an 
a.sset. In a sawmill with 20,000 m /A log supply, a form of pot~er setting is usuall;v required 
to achieve the required level of production. 

3.4.1.6 Machinery Selection 

The final choice between the circular headsa.w and the band headsaw will depend on 
the following factors: 

i. Capital cost. 

ii. Availability of trained personnel to operate and maintain the machinery. 

iii. Availability of trained personnel to sharpen, tension and maintain the saw •• 

iv. Estimated value of extra wood volume lost to sawdust on circular headsaw 
compared with band headsaw. 

The small mobile or portable mill for 5,000 m3/A log supply is only available with the 
circular headsaw within the cost range previously stated. 

For the other mills of 10,000 m3/A and 20,000 m3/A log supply, it is suggested that 
the circular headsaw is also the logica.l choir')e. The work of the saw sharpening depart­
ment will be simpler and overall maintenance will be easier and less expensive. It is 
difficult to justify the higher capital cost of the band headsaw for the production of 
general utility types of lumber. 

3.4.1.1 Headrig Rollcase and Transfer 

As each piece is sawn off the log at the headsaw, it is deposited on to a roll­
case for transport to the next w'ork position. Frequently, a transfer table is combined 
with the roll case so that the pieces can be moved sideways for temporary storage, as well 
as longitudinally. A reversible transfer table can be used to temporarily hold large 
flitches or cants from the headrig and then reload them back on to the carriage for further 
breakdown. 

For a small mobile or portable sawmill with 5,000 m3/A log supply, a simple landing 
table is usually incorporated into the complete pre-built unit and the pieces are moved 
to the edeer by hand. 
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A sawmill with 10,000 m3/A log supply should have a headrig rolloase extended in length 
to deliver timbers to the oross-cut saw and a transfer table leading to the edger infeed. 

A sawmill with 20,000 m3/A log supply would require a similar arrangement plus a second 
transfer table leading to the reeaw. 

3.4.2!!!!!!:!'! (See Plate 6.) 

A resaw shares the rip-eawing load with the headrig. Slabs, flitches and cants from 
the headrig go to the resaw for further breakdown into planks and boards. The resaw 
allows a seoond look at each pieoe of wood and consequently higher grade material oan often 
be found and reoovered. 

Thick slabs from the headrig can be resawn parallel to the wide faoe so that, when the 
board is edged, lumber recovery is improved. 

F1itohes or cants with two or three sawn faces from the headrig can be resawn into 
planks and boards, some of which may not require further edging. 

The resaw should be positioned in the mill so that it can receive from both the head­
rig and the edger. It should be able to deliver to the edger, to the sorting table, and 
by return to its own infeed. 

Since the resaw is always cutting smaller pieces than the headsaw, it can be operated 
with a thinner saw, reducing the amount of wood lost as sawdust. 

The resaw oan be either a bandsaw or circular saw. (The advantages and disadvantages 
of these two types were discussed in 3.4.1.&) It is usually advisable to stay with one 
type of saw throughout the mill. 

Only the sawmill with 20,000 m3/A log suppl~' should require a resaw. It would be 
equipped with line-bar and feed rolls and a saw of 1,200 mm in diameter, outting to a depth 
of 430 mm. 

3.4.2.1 Besaw !Dfeed and Outfeed 

The transfer table hom the headrig rolloase should have "stops" which allow 
pieoes to be acoumulated ahead of the infeed to the resaw. The infeed should be of 
sufficient length to support and guide the longest pieoes. A line-bar or fence of 
similar length is reoommended to assure acourate outting. The position of the line-bar 
relative to the saw plane is adjustable as required, to establish the thickness of the 
piece being sawn. 

An outfeed rolloase removes the pieces emerging from the resaw. The good piece con­
tinues forward to be edged or triJlllll8d. The "off-piece" oan be returned to the resaw infeed 
for further sawing, or .ent to the edger or the trimmer. 

The edger oonsists of two, three or more saws Which make parallel cuts through the 
thickness of the pieoes coming hom the headrig and resaw. It is used to remove the 
rough, rounded edges and out the remainder into stllZldJuodized widths as required by the 
I118Z'ket. It may also be used to out off a strip of defective wood from a board or plank 
in order to improve the overall grade of the pieoe. The majority of edgers use oircular 
saw. 
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The edger must be able to receive material from the headrig and the resaw. It delivers 
lumber to the Borting table where pieces can be sent back to the resaw or back to the edger 
or continue on to the trimmer. 

'l'he small mobile 
edger included in the 
150 mm in thickness. 

or portable sawmill for 5,000 m3 / A log supply usually has a two-saw 
complete unit. A saw with a diameter of about 600 mrn can edge up to 

The movable edger saw and fence are met by hand. 

For the sawmill with 10,000 m3/A log supply, a two-saw edger with 100 mm saws is 
required. It can edge up to 200 mrn thickness. More power is applied to the saws to 
permit faster cutting. The movable saw and fence are set by hand. 

The sawmill with 20,000 m3/A log supply can use a similar two saw-edger. However, it 
requires more power for faster cutting and to allow power-assisted setting of the movable 
saw and fence. 

3.4.3.1 Edger Infeed and Outfeed 

The transfer table from the headrig rollcase should have stops which allow pieces 
to be accumulated ahead of the infeed to the edger. The edger infeed should consist of a 
power-driven rollcase of suffioient length to support the longest pieces. It should be wide 
enough 80 that the widest pieces from the headrig can be positioned for best sawing. 

An outfeed rolloase supports the pieces emerging from the edger and thereby assist in 
maintaining accurate cutting. The good pieces continue forward to trimming. The "off­
pieces" may be returned for further edging or ma;y be sent back to the resaw. The edgings 
are pulled off on to the residual removal system. 

3.4.4 Trimming 

The trimming operation can perform several functions: 

i. Trim ends of boards, planks and timbers square to the longitudinal axis. 

ii. Trim boards, planks and timbers to standard lengths according to market demands. 

iii. Trim off defects so that the overall grade is enhanced and market value improved. 

In some instances trimming is not required. '1'here is often no need for trimming if 
the lumber is to be remanufactured into other items. Furthermore, local markets may be 
such that standard length increments and finished ends are unnecessary. If conditions of 
this nature are present, then it is an obvious advantage not to trim at all. 

In Situations where an improved quality of finished lumber will significantly increase 
the price, it is usually advantageous to trim off gross defects near the ends of pieces. 
The end product is shorter but the quality is higher and therefore of greater financial value 

3.4.4.1 Trim Saws 

Trim saws are available in many forms. Some of the sui table types are: 

i. Overhead mount.ed Swing cross-cut saw. 

ii. Overhead mounted slide cross-cut saw. 

iii. Under mounted swing cross-cut saw. 

i.v. Two-saw trimmer. 

v. Multiple saw trimmer. 
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The overhead swing saw comprises a saw arbour or shat't mounted in a SWinging f'rams 
suspended over the trimming position. 'l'be swing axis and the saw axis are parallel to 
each other so that the saw cross-cuts the lumber in the Plane of swing. (Plates 5a and ~ 
The saw can be driven by belt drive from a line shaft or by direct electric motor drive. 

The overhead slide saw comprises a direct motor-driven saw mounted on a carriage 
which travels on tracks supported above the trimming position. The tracks are positioned 
parallel to the Plane of the saw so that the saw cross-cuts the lumber in the Plane of sliding. 

The under-mounted swing saw is similar in construction to the overhead swing saw, 
except that the swing shaft is mounted at floor level. 

All three of the above saws have a retracted position so that 
is comPletely clear of the area through which the lumber passes. 
usually made by hand power but mechanical methods are available. 
between 5 and 15 pieces per minute. 

the revolving saw blade 
The cutting stroke is 
These saws can trim 

The two-saw trimmer or "Mountain Trimmer" is equipped with a lug-chain table con­
taining several strands of lUu"'-chain about four or five metres long. An under-mounted 
saw is positioned to one side of the chains a short distance f'rom the infeed. The 
trimmennan pulls each board onto the table so that the lug-chain carries the piece through 
the saw where it is trimmed. After leaving the first saw a set of rolls takes each board 
across the table to the second tri.mmerman, who positions each piece to pass through the 
second saw, which is mounted on the side opposite from the first saw. This type of machine 
can trim up to 25 boards per minute. 

The multiPle saw trinuner consists of a number of overhead mounted drop saws spaced 
apart at standardized distances. Each board is carried by a group of lug-chains under the 
saws. Special detectors, or operator controls, bring the appropriate saws down into 
posi tion while the board is traversed through the sawing zone. Both ends of the board are 
trimmed simultaneously. Having completed the cut, the saws return automatically to their 
raised posi tion, re~ for the next board. This type of machine trims up to 40 boards per 
minute. It is the most expensive of the group. 

For mills with an input capacity of up to 10,000 m3 / A only the first three trim saws 
listed above need be considered. All are simPle, robust and reliable and can achieve the 
required levels of production. 

The small mobile or portable mill with ),000 m3/A log suPPly ot'ten does not require a 
trimmer for the types of Planks and timbers being produced. Where it is necessary to cut 
long pieoes in half for handling, a hand saw or chain saw will sufriee, if the numbers are 
low. otherwise, an overhead single swing cross-cut saw would be capable of meeting the 
workload. 

The sawmill with an input capacity of 10,000 m3/A will require three trim saws of the 
overhead swing or slide cross-cut types to process all pieces, including timbers. It is 
important to position them strategically to accommodate the ef'ficient flow of wood in the 
mill. 

The sawmill with an input capacity of 20,000 m3/A would require to have a two-saw or 
Mountain Trimmer for all boards anu Planks and one overhead cross-cut saw for timbers. 
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3.4.4.2 Trim Saw Infeed and Outfeed 

Pieces from the resaw and the edger are deposited onto a transfer table leading 
to the trimming position. This allows the pieces to be examined and sent back to either 
resaw or edger, as required. It also permits edgings and. waste pieoes to be pulled off 
into the residual collection system, to avoid impeding the trimming operations. 

After trimming, the pieces continue along a similar transfer table to the grading 
position and then to the green chain. 

The tables are usually comprised of four or five strands of flat-topped mill chain 
running in chainwa,ys and powered by a small electric or mechanical drive unit. The 
spaCing of the chains is arranged to support all lengths of lumber expected to be produced 
in the sawmill. 

3.5 Sorting. Grading and Treating 

3.5.1 Sorting 

After triDlDing, boards and planks move to the sorting or "green" chain. Depending on 
markets and end-use, there are different levels of intensity of Borting. These include 
the following: 

i. Sort by thickness only. 

ii. Sort by thickness and width. 

iii. Sort by thickness, width and length. 

iv. Sort by thickness, width, length and grade. 

v. Sort by thickness, Width, length, grade and species. 

Within the terms of reference used in this guide, relatively simple sorting 
techniques are adequate. A sort by species is often the most important one. 

If the species mix in the log supply is such that there is little difference in end­
use, then it is normally satisfactory to leave all speCies mixed in the final products. 
On the other hand, if there is wide variation in species characteristics and distinct 
differences in end-use and market price, then a species sort is necessary. 

To simplifY species segregation at the sorting,chain logs should be sorted in the log 
yard. This allows separate production runs for each group, facilitating the selection of 
appropriate saw teeth, feed speeds and cut sizes. The sawing of each species group is con­
sequently carried out with a high degree of efficiency. 

Within each species group the characteristics of density, strength, colour, drying 
and end-use should be similar in order to simplify proceSSing and marketing. 

Assuming that species groups will be processed separately, an appropriate method of 
sorting the finished lumber, in keeping with the end-uses described in this guide, is 
as follows: 

Grades: Numbers one, two and three. 

Size: B.y width and thickness, with random lengths in each size.~ 

Under normal conditions, a sort of this nature will accommodate the sale of green 
lumber direct to the market and the building of stacks for air drying. 
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The sorting chain, or "green chain" consists of four or five rows of mill chain, spaced 
in line with the trimmer chains. The length of the chain must be sufficient to accommodate 
grading and to give workers enough room to remove pieces from the chain onto the staoks of 
lumber. 

3.5.2 Grading 

The decision as to whether or not the lumber should be graded for quality will depend 
upon market requirements. As outli~ed in 3.4.1.1, the principal product contemplated is 
construction type lumber; an alternative will be secondary industrial use. Accordingly, 
three grades would be appropriate. These are listed below along with their principal 
characteristics: 

Number One Grade: This grade would deal primarily with appearance. The 
product should have good grain; few, if all3, small tight knots; no dec~; 
no insect holes. 

Number Two Grade: This would be essentially a building or strength grade. 
The finished lumber should meet the following specifications: slope of 
grain not exceeding 1:8; sOlUld tight knots not exceeding one quarter the 
width of face or 50 rom, whichever is les8; insect holes not exceeding 5 rom. 

Number Three Grade: This would be a utility grade where major defects can 
be trillllll8d aw~ during remanufacture. Virtually all lumber not included 
in the first two grades would fall into this category, provided it has been 
sawn on the four faces. 

It must be stressed that the above grades are only general suggestions. Actual grading 
rules must be established locally to suit local conditions, species, markets and end-uses. 

Once the grading rules are established, it is necessary to train the personnel working 
on the sorting chain to inspect and mark each piece according to its appropriate grade. In 
the early stages of a sawmill development programme the rules should be kept as eimple as 
possible until personnel develop grading skills. 

The costs of grading lumber must be recovered in the selling price of the lumber. ~ere­
forethe selling price for each grade must include the cost of labour and the value of all 
lumber edged and trilllDed off to meet the grade. 

3.5.3 Dipping and End Treatment 

The purposes of dipping and treating ends of freshly sawn lumber include the following: 

i. Dipping in a suitable solution protects stacked lumber and, in some 
instances, the finished product from flUlgal and insect attack. 

ii. Dipping also creates more lUliform coloration in the lumber, thereby 
allowing some mixing of different species. 

iii. End treatment is intended to retard end drying and reduce the 
incidence of checking and splitting. 

iv. In summary, lumber cut in most tropical and sub-tropical areas 
should be protected against fungi and insects. Local conditions 
and species characteristics should be assessed when determining 
the method of treatment. 
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3.5.3.1 Dipping 

Dipping for protection from mould, fungi and Insects requires chemical solutions 
adapted to both the species being protected and the hazards being guarded against. Informa­
tion on solutions is freely avallable from major suppliers. Such solutions are often 
strong enough to cause skjn irritations; the labourers who work with the solutions or handle 
treated lumber should be suitably protected. 

Dipping for colour uniformity requires solutions that are adapted to the species being 
treated. Frequently it is possible to combine this treatment with dipping for protection. 
Colour solutions m~ also cause skin irritation. 

Methods of applying solutions to freshly cut lumber include the following: 

i. Hand brushing the solution on to each piece. 

ii. Hand spr~ing each piece. 

iii. Hand dipping each piece. 

iv. Mechanical dipping of each piece. 

Hand brushing and hand spr~ing are only suitable when small quantities of lumber are 
being treated. 

Hand dipping involves the use of a long, narrow trough placed acrOBS the chain table 
ahead of the final sorting section. Each piece is picked up at the ends by two operators 
using tongs and is placed in the solution in the trough. The piece should be rotated and 
submerged to ensure complete wetting. After dipping it is lifted out and placed on skids 
for a few minutes to allow draining. The solution draining off the pieces returns back to 
the dip tank. 

Mechanical dipping is accomplished by installing a wide trough beneath the carrying 
chains 80 that the chains dip below the surface of the liquid. Lumber on the chains is 
pressed below the surface by an overhead, slotted drum. After draining, the lumber goes 
to the final sorting chain. (See Plate 7.) 

Care must be exercised to ensure that solutions dripping from stacks of boards do not 
contaminate drinking water, food supplies or streams. Creat care is also needed when 
storing and handling the chemicals and when disposing of spent solutions. 

3.5.3.2 End Treatment 

End treatment normally involves a brush or spr~ application of paint or wax 
solution to seal the end grain of the lumber. With the solution in place, air drying 
proceeds largely from the flat faces of the lumber; drying at the ends is slower and more 
uniform. 

The end sealant can be applied before the lumber reaches the Borting chain or after it 
has been stacked. It is easier to seal before sorting if pieces of different lengths are 
being treated. When treating stacked lumber, all pieces in the stack must have the same 
length so that both ends are accessible. 

It is usually difficult to treat ends of freshly dipped lumber. The wet surface m~ 
not accept the sealant unless it is correctly formulated to be compatible with the dipping 
solution. 
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In the case of sawmills with an input capacity of 5,000 m3/A, located close to the 
forest and producing lumber which is sold green to the market, dipping and end treatment 
ae usually unnecessary. However, there may be small quantities of high quality lumber which 
would benefit from end sealing. 

For the sawmills with an input capacity of 10,000 m3/A and 20,000 m3/A, any lumber 
sold green could be left untreated. Lumber to be air dried should be end treated. Since 
the air drying stacks will all be built with spaces between layers of boards, it ~ not be 
necessary to dip the lumber. However, the spacers should all be dipped to discourage fungi 
and insects at the contact areas. If green lumber is to remain tightly stacked for more 
than a few days, it should be dipped. 

3.6 Drying 

After the lumber is sorted and stacked it may be bold green or dried to an acceptable 
level. 

Drying accomplishes the following: 

i. Reduces the weight of lumber for subsequent transportation. 

ii. Stabilizes the lumber dimensions for subsequent end use. 

iii. Develops desirable colour or strength characteristics. 

Drying can be accomplished by natural (air) drying or forced drying in heated or 
refrigerated kilns. 

Each species of wood has a unique cellular structure and, therefore, drying techniques 
vary according to species. To obtain optimum drying results, species should be sorted into 
groups with similar drying characteristics. 

Within the context of this guide air drying has a number of advantages. Capital is 
not required for kilns and heaters, the added flexibility allows different species to be 
dried separately and the process can be easily controlled by local personnel. On the 
other hand, air drying requires a greater land area for drying yards, there is an increased 
fire risk due to the large lumber inventory and there is a large amount of capital tied up 
in the inventory. 

For the end-uses contemplated in this guide, air drying appears to be an adequate means 
of reducing weight and stabilizing dimensions. 

In preparation for drying the lumber should be stacked at the sorting chain into 
rectangular paokages. "Stickers" or spacers of uniform thickness should be placed between 
each layer. The stickers improve the stability of the lumber stack and auow two or more 
stacks to be placed one above the other, thereby conserving yard space. A fork lift truck 
is of great assistance in transporting lumber stacks to and from the drying yard and in 
loading trucks for shipment. 

The tops of lumber stacks should be covered with some type of portable roof to ensure 
that the top layers of boards do not dry too rapidly in the sun. The weight of the roof 
also helps to hold the boards flat and reduces distortion. Th~ roof should hang over the 
sides and ends of the lumber stack to provide adequate shade. 

The air drying yard should be located in a place with a good flow of air at all times. 
It should be removed as far as possible from any source of flying sparks from the sawmill 
or outside the mill site. Weeds should be controlled. 
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In some countries traditional air drying methods involve standing the pieces in a 
vertical "X" configuration on drying racks. This is usually done to develop desirable 
coloration. For many species and end-uses this type of stacking produces poor results. 
Since the boards are almost completely unrestrained in the X's, cupping, bowing and twisting 
are quite common. This significantly reduces the value of the lumber. Furthermore the 
land area required is greater and many man hours are wasted making the X I S and repi 1 i~g the 
lumber after drying. Hence, this system should be avoided. 

If species groups are segregated in the log yard and processed in the mill as units, 
it is logical to continue the process in the air drying yard. Therefore, a given species 
group should be asstgned a specific section of the drying yard. In this manner, appropriate 
drying times can easily be maintained for each species group. 

3.6.1 Drying Schedules 

The time spent in the air drying yard depends on the characteristics of each species 
group and the end use of the lumber. There is a great deal of information available con­
cerning the drying rates of many species. This information should be carefully studied 
for guidance. Final moisture content will be determined by end-use. For example, con­
crete form lumber is satisfactory with a moisture content higher than that of furniture 
stOck. 

The final location of the finished product should also be considered. For example, 
lumber used in a dry,arid area will stabilize at a moisture content lower than lumber in a 
humid area. 

For the types of lumber and end-uses being considered in this guide, the primary 
objectives should be to reduce transportation weight of finished lumber and to bring 
dimensions close to a stable condition. 

The fastest drying rates occur in the days immediately after sawing the lumber and 
then decline in subsequent weeks and months. Consequently, three or four weeks of air 
drying can significantly reduce weight and stabilize dimensions. 

3.6.2 Dry Sizes 

Dry lumber may be sold on the basis of green (or nominal) dimensions or on the actual 
measurements when dry. The lateral dimensions of air dried lumber will frequently shrink 
from JfI, to~; length shrinkage is usually not significant. Hence, a given piece of 
lumber,which measures 100 mm by 200 mm green, may measure 97 mm by 194 mm or, in extreme 
cases, 94 mm by 188 mm when dry. If the market requires the lumber to be 100 mm by 200 !DID 
after drying, then green sizes must be increased accordingly (e.g.,to 103 mm by 206 mm, or 
106 mm by 212 mm, depending on species and drying schedule). 

The selling price of the dried lumber should i~c1ude the cost of the green size 
required, as well as the costs of stacking, unstacklng for sa1~ and interest on the value 
of the lumber while in the drying yard. 

3.603 Regrading 

Arter drying some species will develop loose knots and end cracks which will affect the 
grade. In such cases the lumber can be retrimmed and regraded. However, considering the 
end_uses covered in this guide, ret rimming and regrading can be bypassed during the early 
years of market development for the products of the mill. These operations can be added 
later as markets and prices firm up. 
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After the lumber of certain species has dried sufficiently it may be necesaary to store 
it under cover, to minimize deterioration caused by excessive exposure to bright sunlight 
and drying winds. This operation can also be added to the mill after production patterns 
and markets have been established. Dry storage sheds should be readily accessible from the 
yards and should be situated to allow convenient loading of trucks. The roof and walls 
should be weathertightj good ventilation is essential. 

If fork lift trucks are not available, manual labour is required to stack the dry 
lumber. Usually stickers are not necessary between each layer of dry lumber, but should 
be placed at each sixth layer to help stabilize the piles. 

3.7 ay-products 

By-products produced by the sawmill operations include: 

i. Bark; dry from yard logs and wet from pond logs. Periodically there 
will be mixed bark and gravel from log yard clean-up and saturated 
bark from log pond clean-up. 

ii. Sawdust. 

iii. Slabs. 

iv. Edgings. 

v. Trim ends. 

vi. Broken logs, limbs, etc. 

Dr,y bark is often a valuable source of domestic fuel. Wet bark can be piled in a 
suitable location and allowed to dry for fuel. If the bark cannot be sold or given away 
as fuel, it can be dumped as land fill or burned as waste. 

Sawdust is also a valuable fuel for domestic or industrial use, provided it is not too 
wet. Some species produce sawdust suitable for use as agricultural mulch or animal bedding. 
Other species produce sawdust which is objectionable to man and animals. If the sawdust 
cannot be sold as fuel, it may be possible to use it as fuel in the mill operations. 

Slabs, edgings, trim ends,and broken logs are a potential source of raw materials for 
small secondary or home industries. Alternatively, they can be used as domestic and 
industrial fuel or, if there is a pulp mill nearby, they can be chipped and sold for pulp 
mill fUrnish. 

Conversion of clean mill wood waste to chips can be justified only under certain con­
ditions. There must be a pulp mill within economic transporting distance, the species 
available be suitable for the pulping process,and there should not be another use for the 
wood waste offering a higher social or financial return. 

The costs of transporting wood chips to a nearby pulp mill can be calculated in the 
following manner, 
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i. Estimate the annual volume of chips that the sawmill could produce. 
(Assume approximately 3Of. of delivered sound log volume per annum. ) 

ii. Determine the price that the pulp mill will pay for chips of the 
quantity, species and quality expected from the sawmill. 

iii. Deduct labour costs to operate the chipping facility. 

iVa Deduct interest on capital cost of the chipping facility. 

v. Deduct transportation costs. (Fuel, depreciation, maintenance, 
labour, insurance,licences, etc.) 

1he capital cost of establishing a chipping operation may represent a major part of the 
capital investment in a small sawmill. Equipment requirements would include the following: 

i. A chipper infeed conveyor equipped with a metal detector. 

ii. A chipper capable of accepting the largest pieces of waste expected. 

iii. A chip screen. (Unscreened chips may either be rejected by the pulp 
mill, or accepted at a reduced price.) 

iVa Chip storage facility. (Chips stored on the ground may not be 
acceptable to the pulp mill~ 

v. Chip conveyor to storage area. 

vi. Chip loading facility. 

Wit~in the framework of this guide only the larger mille with an input capacity of 
20,000 m /A have the potential for a chip production facility. It should be remembered 
that to produce chips of an acceptable quality all logs must be debarked before entering 
the sawmill. Hand or mechanical bark removal will add further to the cost. 

Whenever high quality chips are being produced for pulp furnish a certain amount of 
supervision is needed to maintain chip quality. This may reduce the emphasis placed on 
good lumber production and on efficient lumber recovery. The primary objective of the 
sawmill operation is to produce lumber, not chips. 

3.1.2 Waste Disposal 

If sawmill by-products cannot be used economically, then they must be disposed of as 
landfill or burned. Landfill sites should be close to the sawmill. Dry ravines or 
worked-out quarries are often suitable. Problems associated with landfill disposal 
include uncontrolled fires within the fill and insect pest build-up. If no suitable land­
fill site is available, then burnine becomes the only alternative. Controlled burning is 
essential to reduce fire hazards and minimize environmental impact. Simple, natural draft 
burners are available for this purpose. 

3.1.3 hemoval of By-produ~ts 

The most effective means of gathering by-products inside the sawmill is by means of a 
few strategically placed conveyors. Simple chain conveyors are used to collect sawdust 
from beneath the headrig, resaw and edger for delivery to a single sawdust storage area. 
If the sawdust is to be sold off the Site, a raised hopper can be ~onstructed to help load 
the trucks. 

If the log supply contains a large per~entage of unsound heart or rot it is desirable 
to have a large waste conveyor near the headrig so that a bad log can be removed quickly 
without obstructing mill operations. 
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Small slabs, edgings, trim ends, and broken pieces should be removed ~rom the operating 
flow on a low level conveyor and delivered to a separate area. From there they can be sold 
o~t the site, cut up for fuel or sent ~or chipping,tr warranted. 

In small mobile or portable sawmills with an input capacity of 5,000 m3/A most of the 
by-product removal operations can bp. done manually. Sawdust c~veyors would h~l~ to avoid 
build-up problems. Sawmills with input napacities of 10,000 m /A and 20,000 m fA should be 
designed to accommodate a complete gathering system. Initially, equipment for sawdust 
removal and edging removal should be installed. The remaining parts of the system can be 
added at a later d~te. 

3.8 Power Supply 

An essential di~~erence between traditional and modern sawmilling practice is the 
amount of power applied to the sawing process. B,y applying more power to the saw teeth 
running at correct speed, more lumber can be produced in a given time period without increas­
ing the work force. 

Studies by various authorities* have demonstrated the need for minimum feed speeds and 
appropriate power loadings for consistent production. 

A reliable and adequate power supply is of great importance in sawmill operations. If 
electrical power is not available, is inadequate for sustained operations or is subject to 
interruptions, then it is prudent to install on-site equipment for all the mill's power 
requirement s. 

3.8.1 Power Requirements 

The power required to operate a small sawmill may be estimated from the following table: 

Log haul 

Log deck (i~ powered) 

Head saw 

Carriage drive 

Log turners 

Set works 

Main rollcase 

Transfer tables (chains) 

Edger in~eed or resaw infead 

Edger (two-saw) 

Resaw 

Edger outfeed or resaw outfeed 

Sort ing chains 

Trim saw 

Sawdust conveyor 

Edging and slab conveyor 

* Quelch, P.S.; Williston, E., etc. 

1 10 kw 

4 - 1kw 

75 -150 kw 

7 - 10 kw 

4 - 7kw 

2 4kw 

4 8kw 

10 - 15 kw 

5 - 8kw 

10 - 20 kw 

15 - 20 kw 

4 - 8 kw 

4 8ltw 

4 8kw 

1 2 kw 

3 - 5 kw 
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3.8.2 Power Options 

The options available for sawmill power plants include the following: 

i. Direot mechanical drives from diesel or easoline engines. 

ii. Electric drives from diesel or gasoline-driven generators on site. 

iii. Steam engine or turbine drives from steam generated by burning wood 
waste on site. 

iv. Electric drives from steam eenerators driven by burning wood waste on site. 

Diesel power units are generally preferred to gasoline engines for sawmill applications 
because of their reliability, lower operating costs and reduced fire hazard. 

3.8.3 Diesel Power Units 

Small mobile or portable sawmills usually have direct mechanical drives from one main 
diesel engine. A small diesel-electric Bet provides power for lighting, small tools and 
small auxiliary drives. 

In permanent mills with input capacities of 10,000 m3/A and 20,000 m3/A, electric 
drives supplied from a diesel-electric power unit are the most flexible. Reliability of 
power supply is improved if two diesel-electric sets of identical size are installed. 
Furthermore, one set can be turned off during low load periods. The capital cost of two 
sets is somewhat higher than that of one set, with the same total power, but it is a worth­
while expenditure. 

3.8.4 Steam Generated from Wood Waste 

The burning of wood waste to generate electric power for mill operation at first glance 
appears eoonomically attractive, particularly where fuel oil has to be imported. The sale 
of excess electrical power off-site is also a possibility. However, experience with wood 
waste burning installations reveals a number of problems which seriously reduce eoonomic 
expectations. Wood waste with a high moisture content and wet bark are very poor fuels 
and ~ even need supplementary fuel-firing to sustain combustion and support the load on 
the steam system. Fly ash in the flue gas and tars condensing on cool surfaces create 
environmental and operating problems. The raw fuel itself (hog fuel) is a bulky commodity, 
awkward to stOCkpile, retrieve and fire into the boilers. 

The capital cost of a wood waste fired plant generating electricity for sawmill use 
and for sale externally can be expected to be 2CJf., to 4a1u higher than an equivalent oil fired 
plant. Factors contributing to the higher capital cost include the following: 

i. Excessive costs of receiving, storing, retrieving and firing 
the hog fuel. 

ii. Larger furnaoe volumes. 

iii. Larger fans beoause of higher gas volumes. 

iv. Larger ducts and stacks. 

v. Fly-ash colleotors. 

vi. Standby or supplementary oil fuel storage and firing. 

Considering the above constraints only sawmills which are much bigger than those con­
templated in this guide oan support a wood waste fired plant. Recent stud~es indicate 
that, at present fuel oil prices, a log supply volume of at least 180,000 m /A is necessary 
to justify a power plant of this type. 
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An alternative to a steam-electric installation would be 
producing steam at pressures suitab'e for direct use in steam 
turbines. Tbese would drive the sawmill machinery by direct 
belts. In the past, many sawmills were powered in this way; 
still operating successfully. 

a hog fuel fired boiler 
reciprocating engines or small 
drives or by line shafts and 
a large number of them are 

With a lower capital cost than a steam-electric plant~ the steam-power plant becomes 
feasible for sawmills with log supply volumes of 100,000 m fA or higher. 

The maintenance costs of both steam-electric and steam-power wood waste burning plants 
ar. invariably much higher than equivalent capacity oil burning plants. 

Recently, by means of gasification, wood wastes have been successfully converted to gas 
of low calorific value, suitable for combustion in gas turbines or gas engines. The same 
physical problems involving hog fuel, such as gathering, storing, retr~eval and firing, apply 
to gas producers as well. A log supply volume of at least 180,000 m fA is necessary to 
justify such a capital installation. 

3.8.4.1 ~ter Su~ 

Small sawmills requiring ~'ater only for domestic, sanitary and cooling services 
could obtain sufficient volumes from small wells or springs and, depending upon the climate, 
from roof run-off from buildings within the sawmill complex. It is unlikely that any 
extensive treatment fadlities would be required tither than chlorination of the domestic 
supply. 

In plants where steam generating facilities might be used, a much larger quantity of 
water would be required and much more sophisticated water treatment facilities might be 
involved. Several wells, or a small lake or stream would be required to supply the water. 
A steam-electric or steam-turbine operated plant would require the least amount of water, 
since most of the steam generated could be reclaimed as condensate and reused. 

The treatment of water for steam generation could include any or all of the following 
procesees: settlement, floccula.tion, clari.fication, ftltration hardness removal and ion 
exchange. 

Storage of water may also be necessary in the sawmill area both for steam generation 
and for fire-fighting, storage facilities being generally combined for both purposes. 

3.8.4.2 Operating Staff 

All power plants producing steam under medium to high pressure require qualified 
peraoru1el to operate the boilers. In most areas, only operators licensed by appropriate 
goverrllDent authorities are permitted to be in charge of such plants. This can create a 
serious staffing problem if insufficient trai.ned operators are available. 

3.9 Support Functions 

3.9.] Accounting 

Once a deoision has been taken to implement a sawmill project t accounting prooedures 
III\l8t be set up :for the construction Jilase, as well as for the management and coat oontrol 
of sawn timber production. 
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During the oonstruction period it will be necessary to maintain reoords of all 
expenditure for oonstruction, equipnent and installation oosts so that the progress of 
the projeot m83" be related to the cost estimates for control ptrposes. Pre-operational 
expenditures for training and start"'"llP trials of the equipnent, for example, must alBO 
be reoorded sinoe suoh expenditures are generally oapitalized. In order to establish 
d.epreciation rates for construction, pre-operational oosts and equipnent, it will in 
most cases be necessary to produce finanoial records acceptable to the taxation 
au.thorities • 

.An accounting system must be established prior to the start"""l1p of mill operations 
for the following purposes: 

i. To give managoement the essential financial control of operations 
by oomparing resul ts, generally on a monthly basis, with annual 
budget estimates. 

ii. To determine the manufacturing costs of sawn timber. 

iii. To provide the neoessary documentation to support annual tax returns. 

It is important to have accurate figures for manufacturing costs for sawmill 
operations in order to assess the efficiency of the operations, particularly when 
oomparing the effeots of different operating prooedures on overall costs. 

Manufacturing oost data is also required as a basis for reaching management 
deoisions. For example, When considering the introduotion of new or lower quality 
species manufacturing costs are required, as well as estimates of selling prices, in 
order to determine the prices that can be paid for logs of such secondary species. 

An efficient accounting system requires a regular flow of information from all 
sections of the operations in order to maintain the necessary records. In addition 
periodic checks of inventories of logs, sawn timber and operating supplies should 
be carried out to ensure that the records are in agreement with actual stock levels. 
Thus, losses due to degrade of logs and sawn timber in storage for long periods, for 
example, a.re adjusted in the records at regular intervals. 

On a daily basis the now of information from the operating sections to the saw­
mill office would include the following main items: 

i. Details of species and volumes of log receipts from suppliers and 
issues to the mill. 

ii. Details by speoies and volum«l d' sawn timber produoed, stacked in 
the drying yard, and sold. 

iii. Receipts and issues of supplies. 

i v. Time sheet s for all personnel. 
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The above information, together wi. th records of pu-chases and sales, is compiled 
to produce a monthly Profit and Loss statement which indicates the profita.bility Or 
otherwise of the operation. Such a sta.tement is most important in that it provides 
the manager and the owners with a summary of the status of the sawmill operations 
and, by comparing wi. th earlier statement3, a meMure of the progress and efficiency 
of production can be obtained. 

On an annual basis a Balance Sheet is required for a sawmill enterprise which 
summarizes the assets and liabilities and gives the net worth of the enterprise. A 
Balance Sheet ma;y also be required when application is being made for a loan or when 
changes in ownership are under consideration. 

Al though the same basic principles indicated above apply to all types of sawmill 
enterprises the accounting procedures of necessity would be kept as simple as possible 
for the portable mill operation described in CASe 1 of this Guide. The maintenance 
of daily records might be undertaken by the supervisor in this case using a simple 
dBiY book to record all transactions for subsequent compilation by a clerk. In the 
larger mills the daily flow of information would be maintained by foremen. Similarly, 
in Case 1 operating supplies such as fuel would be charged when purchased, whereas 
fuel in the larger mills would generally be received in stock and charged only when 
issued from a storage tank for the mill power plant and/or mobile equipment. 

3.9.2 Production Control 

Production control is necessary to ensure that the sawmill cuts the sizes, 
lengths and grades needed to mee-~ the market demands and to fill the sales orders 
received by the mill. This function also ensures that the logs are cut efficiently 
so that wood is not wasted as odd sizes or miscut pieces. 

By oomparing volumes of logs received at the mill with lumber shipped and waste 
quanti ties produced, a measure of the overall operating efficiency of the mill can 
be obtained. Records of production per unit of manpower allow a comparison of 
levels of performance between work crews and between sawmills. 

The accumulated production informa.tion is used to prepare annual financial state­
ments and is normally required by government agencies. 

3.9.3 Invento~ 

The inventory includes all logs in the log yards and log ponds and all the lumber 
in the air drying yards and in dry or open storage awaiting shi pment • The amount of 
wood being ll'Ooessed in the sawmill at any given time is usually very small compared 
to the yard inventory. 
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The inventory represents the working capital of' the sawmill. ItF! value 
includes the price of all logs delivered to the mill, plus all costs of' labour fuel 
maintenance, administration, etc., involved in converting the logs into lumber're~' 
for sale. Taxes and licence charges must also be included in the cost price of the 
lumber. The difference between inventory value of' the lumber and the actuol market 
price received when the lumber is sold will determine whether or not the mill operates 
at a profit or a loss. 

Systematic inventory control \ri.ll also assist in revealing loS and lumber losses 
due to degrade, mismanufacturing or theft. 

3.9.4 Maintenance 

An organized preventive maintenance programme is vital in keeping a sawmill 
running steadily and efficiently. Briefly, the principal maintenance fUnctions 
include the following: 

i. Lubricate all items req,ll.rl.ng lubrication with the correct 
lubricant, at the time intervals specified by the manufacturer. 

ii. Inspeot at regular intervals all items subject to wear and repair 
or replace them before failure occurs. 

iii. Repair and p.lt back into service as quickly as possible all items 
which fail unexpectedly or are broken in servioe. 

To carr,y out these functions the maintenance department must have a suitable stock 
of lubricants, spare parts and tools. Nuts, bolts, washers, cotter pins and similar 
items are constantly needed; small stocks should alWajyS be readily available, kept in 
a controlled storage area. A small workshop area with some form of" overhead lif'ting 
tackle facilitates the work of the maintenance department. 

O~-acetylene equipment for brazing and welding, as well as electric-welding 
equipment, are usually considered essential maintenance tools. A small lathe and a 
small milling machine are useful in making replacement parts and ehaf'ts, unless an 
efficient machine shop is operating near the mill. Hand tools for drilling, grinding 
and sawing are also necessary. 

Most manufacturers of machinery provide a list of' suggee ted spare parts which mq 
be Plrohased along with the main items. Unless the mill has re8.(\y acoess to spa,re 
parts, these packages should be ~chased. Electrical spare pax·ts ShOlUd include fuses, 
starters, motors, wiring, light bulbs, and so on. 

For the small mobile or portable sawmill with an input capacity of 5,000 m3/A, 
a portable maintenance facility Ollll be established on the deck of a sui table truck. 
Small paris should be kept in lockable cabinets. 

Sawmills with an input capacity of 10,000 m3/A and 20,000 m3/A should include a 
suitable workshop area. If capital is not a.vailable initially, a workshop should be 
incorporated into the plllllS Illld added. to the sa.wmill at a later date. Machinery 
parts are expensive and require safe, covered storaee to prevent deterioration or loss. 
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3.9.5 Despatching 

Proper despatching re~ires a well organized system. Each despatch should be 
a written or verbal order which specit'ies the ~antity, length and grade of lumber, 
the truck, the destina.tion, and the a.rrival da.te. Only a. few key personnel should 
have the authority to issue such instructions. The yard despatcher should be 
authorized to check to make sure that all aspects of the instructions are met. 

The trncks are to be loaded by hand and simple machine. 
secured to prevent movement in tronsi t. 

3.9.6. Administration/Management Facilities 

The load should be 

Considering the sizes of mills oontemplated in this Guide, more than one runction 
of administration and management can be assigned to one person. For example, 
ma.rketing or sales of lumber could be combined with overall mill management. Acoount­
ing, time-keeping, P8\Yl'01l and invoicing rna.)' be another combined responsibility. 
Suitable offices a.re required for administration and management personnel. 

Since the sala.ries of all office staff are included in the overhead cost of lumber 
produced, it is important that the number of staff be kept to the essential minimum. 
In some instanoes a shortage of suitably qualified people can help to minimize the 
number of office personnel. 

The small mobile or portable sru-nnill with an input ca.pacity of 5,000 m3/A usually 
re~ires only t\'/'o managerial personnel, one man at the site and the 03her in an office 
in the local cOIIIIIW1ity. Sawmills vrith an input capacity of 10,000 m ~A m8i1 re<rttire 
three ~alified people and the mill with an input capacity of 20,000 m /A can usually 
operate with four staff members. It is better to start with a small starf and add as 
necessary, rather than hire a large staff and find it impossible to cut back. 

A sui table allowance for office space is about 10-14 m2 per person, including 
space for passagewa.Ys, filing cabinets, desks, etc. tlashing and sanitary facilities 
should be provided for both office and mill personnel. Lunchrooms and first aid 
facilities are also required. 
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4.0 PERSONNEL 

4.1 Personnel Requirements 

In order to operate a small sawmill on a sound economic basis the number of employees 
must be limited to the minimum number that can perform all the essential functions 
efficiently. This means that many members of the staff must be able to perform more 
than one function. 

Personnel requirements can be broadly separated into operating and non-operating per­
sonnel as described in the following sections. 

4.1.1 Operating Personnel 

This group of employees has the responsibility for all the physical operations 
involved in reoeiving, sorting and handling the logs; in sawing the logs into the 
finished lumber; in handling the lumber for sorting, drying and preparation for sale; 
in maintaining the sawmill machinery and building in good operating conditions and in 
maintaining the site in secure, low fire hazard condition. 

The members of this group require different levels of skill and may, for convenience, 
be grouped as follows: 

i. Skilled personnel 

ii. Semi-skilled personnel 

iii. Unskilled personnel 

Skilled personnel are those generally considered io be qualified ·tradesmen and having 
a background of appropriate training and experience. Examples would be the saw dootor, 
the maintenance meohanic, the head sawyer. 

Semi-skilled personnel are those having some training and experienoe in the work 
being performed, but still subject to supervision and further training. Examples would 
be edger operator, trim saw operator, truck driver. 

Unskilled personnel are those having little or no previous sawmill experienoe but 
who are oapable of following instruction in a conscientious and reliable manner. Examples 
would be lumber pilers, log handlers, cleaners. 

In a B1Dall mobile or portable sawmill with a log input of 5,000 m3/A the duties of 
saw doctor, maintenanoe meohanic and head sawyer could probably all be performed by the 
one skilled man. Two semi-skilled men would run the edger and trim saw and four or five 
unskilled men would handle logs and pile lumber. 

For a sawmill with an annual. log input of 10,000 m3 the duties of saw doctor and 
maintenanoe mechanic would be oarried out by one man. There would be a head sawyer who 
could assist the saw doctor when neoessary and three semi-skilled men would run the edger, 
trim saws and grading. Six or seven unskilled men would handle logs and pile lumber. 

A sawmill with 20,000 m3/A log supply would require three skilled men to carry out 
the duties of saw doctor, maintenance mechanic and head sawyer. Five semi-skilled men 
would run the edger, resaw, trim saws and grading, and nine or ten unskilled men would 
handle logs, pile lumber and olean up. 
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4.1.2 Non-operating Personnel 

This group of personnel has the responsibility for the marketing, management and 
administrative functions which would include the following duties: 

i. Acquisition of logs. 

ii. Marketing of finished lumber. 

iii. General management of all operations. 

iv. Record keeping. 

v. Time keeping. 

vi. P83'roll. 

vii. Aocounting. 

viii. Hiring and dismissal of personnel. 

ix. Publio relations. 

x. Secretarial. 

In the size range of sawmills oontemplated in this guide some staff members will be 
required to perform more than one of the above functions. The ability to read, write 
and perform arithmetioal oomputations is a prerequisite for the development of the skills 
required to oarry out the above functions. 

For convenience, staff m83' be classified as trained or partly trained. Trained staff 
for sawmill work should have previous experience in sawmills. Examples would be the 
general manager, the log buyer, the lumber salesman. Partly trained staff need not have 
had previous sawmill experience. Examples would include the reoord-keeping, payroll, 
accounting and seoretarial personnel. 

The general management, log acquisition, lumber marketing and public relations 
functions could probably all be performed by one experienced man in a small mobile or 
portable sawmill. All other functions could be carried out by one or two partly trained 
staff. 

In a sawmill with 10,000 m3/A log supply the addition of a third, partly trained 
person, to those listed above would probably be adequate. 

A sawmill with 20,000 m3/A log input would require two experienced men to oarry out 
the functions of log acquisition, lumber marketing, public relations and general manage­
ment. All other functions could be performed by three or four partly trained people. 

4.2 Salaries and WageS 

The establishment of appropriate salary levels and wage scales for sawmill personnel 
requires a detailed assessment of all applicable government regulations and, in areas 
where some industrial aotivity alre~ exists, of prevailing rates being paid for work 
oomparable to sawmill aotivities. 

If • sawmill is to be established in a remote area where regular, paid employment is 
not customary, then care must be exercised in studying the social effects on the community. 
In such cases employees are otten provided with staple foods, lumber for house construction, 
for example, as part of their compensation. 



- 59 -

However, unless the sawmill is to be established as an instrument o~ social policy, 
the small mills contemplated in this guide should not become involved in constructing 
housing, schools, hospitals, etc., as the associated costs ~ render the entire operation 
uneconomic. 

4.3 Availability and Training o~ Personnel 

In regions where oome sawmilling activity o~ a similar type already exists the 
establishment o~ a new sawmill ~ provide suitable opportunities for advancement of 
people working in junior positions in existing mills. Advertising vacancies in a new 
mill should then produce candidates for operational functions and for further training. 

Where little or no sawmilling activity has previously existed it would be necessary 
to bring in key personnel from outside the area. Such key personnel might include, 
depending on the size of the sawmill, a sawmill manager, saw doctor, maintenance mechanic, 
and head saw,yer, all of whom would have had experience in the type of sawmilling envisaged 
and in the training of counterparts, as well as all other categories of sawmill personnel. 

Once a decision is taken to install a sawmill it is essential that the key personnel 
be on site so that all organizational matters, log supply and marketing arrangements are 
rea4 ~or mill start-up_ Training of personnel would also take place as far as possible 
during the mill construction period. Such procedures would result in the mill being 
in production at the earliest possible date. 

In addition to the organizational and training functions of key personnel as 
indicated above, they may also be involved in the design and construction supervision 
of a sawmill. 

Key personnel might be employed on permanent or fixed term contractual basis. In 
the latter case, the duration of contracts would depend on the time required to fully 
train counterparts who would, in turn, be responsible for continuing the training of 
other mill personnel. 

For the saw doctor, maintenance mechanic and head saw,yer some vocational training 
at suitable facilities away from the sawmill area may be a necessity. Selected 
individuals could be sent away for such training and on-the-job experience durine the 
time the sawmill is being constructed. 

Some manufacturers of sll.wmill machinery are prepared to send their skilled repre­
sentatives to assist in setting up the machinery and in the initial training of operators. 
The costs for this service are frequently negotiated at the time of purchase of machinery. 
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5.0 LllJAL liBVIB.OlOIl!lRTAL AlfD SAFEl'Y CONSlDERJ.TIONS 

5.1 Legal ASpects 

An important aspect in the early planning of any sawmill is to determine the nature 
and impact of any government legislation or regulations which may directly or indirectly 
affect the development. Obviously, legislation and regulations will vary considerably 
from country to country but the following are representative of the many factors that must 
be considered before undertaking any detailed development: 

i. Land tenure - length , security and cost. 

ii. Labour laws - hours of work, minimum waees, workmen's compensation, 
health and safety regulations, housing, schooline and medical 
facilities. 

iii. Building permits, codes and regulations. 

iv. Taxes, tax incentives and subsidies. 

v. FinanCial regulation - foreign exchanee control, foreign equity 
participation and repatriation of profits. 

vi. Import and export controls, regulations and duties. 

vii. Government charges - licenses, royalties, scaling fees. 

viii. Immigration laws and work permit regulations. 

ix. Restriction on vehicle weights and speeds with respect to the 
use of public roads and bridges. 

The foregoing and possibly many other laws and regulations will affect,in some 
measure, the location and structure of any sawmill, be it small, medium or large. 

5.2 Environmental Aspects 

Within the past two decades environmental issues have received increasing attention. 
In the developed world there is an ever-increasing volume of legislation directed toward 
pollution control and the same process will undoubtedly follow in the developing countries. 
No sawmill development should, therefore, be undertaken in tod~'s world without due con­
sideration being given to its effect on the environment. 

Any sawmill produces a large volume of residues in the form of bark, sawdust, slabs, 
trim ends and other solid wood waste. Disposal or utilization of this waste can result 
in air, land and/or water pollution. Chemicals used for the preservation of lumber are 
a further potential source of pollution and sawmills are notorious as "noise polluters". 
Often pollution control measures can be simple and relatively cheap if they are included 
in the initial design and planning of a sawmill. However, if consideration of these 
factors is deferred and the waste is left to accumulate until public concern or government 
intervention foroe action, then such remedial measures can be very costly. 

If the sawmill is directly tied to a logging operation, a further and perhaps more 
complex set of environmental factors must be considered. These involve such problems as 
erosion control, watershed protection, reforestation and maintenance of forest soil 
nutrient levels. 
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5.3 Safety 

The sawmilling industry ha.q had i.n the past a very poor safety record in many 
countries. 'fhe potential exists within the industry for serious accidents because 
of: 

transportation of large and heavy logs and flitches which 
lead to hea.vy manual work. 

the use of machinery designed specifically to cut. 

However, in the last couple of decades there has been a concerted effort by both 
tmions and management to reduce the frequency and the severity of accidents. The 
experience of many countries has demonstrated that a relatively safe sawmilling industry 
is achievable provided that the danger potential is recognized. Some developed 
countries have written very detailed manuals and guides on the guarding of machinery 
in order to protect employees from injury. Some literature is available from maDO. 

Like the environmental aspects described above, specific guarding of machinery 
and other safety actions should be taken from the commencement thereby instilling 
a safety awareness in staff right from the start. 
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6.0 STRUCTURES 

6.1 General 

The structures to be considered for small sawmills may be divided into sub-structure 
and super-structures. 

Sub-structures include foundations, machinery supports and working floors which are 
necessary for the installation of equipment to ensure stability and accurate sawing through­
out a sawmill. 

Super-structures include walls, roofs and enclosures to protect staff and machinery 
from the effects of prevailing weather conditions. In dry, arid climates, for example, 
sun shading of the work areas may be the first criterion and walling requirements would be 
minimal, whereas in areas subject to windstorms, both super-structure and sub-structure 
must be designed to resist uplift forces caused by high winds. 

In are .. subject to heavy rainfall conditions the large quantities of run-off water 
from the roof must be gathered and conducted away from the mill to avoid affecting the sub­
structure. In zones subject to earthquakes, both super-structure and sub-structure must be 
designed to acoommodate the expected seismic forces. 

Good ventilation is essential at all times and can be achieved by means of pitched 
roofs with louvred vents at the ridges. Heavy wire screens used as walling may be desir­
able for security reasone and to reduce the entry of animals and/or birds without impeding 
ventilation. 

The safety of employees must be considered when planning a sawmill and hazards reduced 
to a m1n1mum. Measures must be taken as far as ~ be practicable to protect employees 
from machinery and conveyors. 

6.2 Structural Materials 

There is a clear economic advantage in using loc~ available structural material as 
much as pOSSible. Hood is usually one of the most readily available and most versatile 
materials and the local forest resources should be studied to determine those species 
having the appropriate physical properties and durability for construction purposes. 

Wood of adequate structural strength and having resistance to insect and fungus attack, 
either naturally or as a result of chemical treatment, ~ be used for the majority of sub­
structure and super-structure framing. Certain species may be suitable for direct use in 
the soil for foundations. Structural connections must be designed to meet the capa­
bilities of the wood in tenSion, bending, shear and compression for bolted and nailed 
jOints. 

Portland cement is usually available and, given a reliable source of clean, graded 
sand and gravel, it is possible to produce adequate concrete with simple equipment and 
hand labour. Simple foundations can reduce the need for reinforCing steel by using more 
concrete in the form of mass or anchor blocks with appropriate anchor bolts. 

Corrugated, galvanized steel or aluminum sheets are an economical and durable 
cladding material for roofs and walls. They can be easily installed over wood framing 
and need no expensive fastening systems. Purpose-made galvanized nails and washers give 
a life expectancy equal to that of the sheets. Many years of successful use in all 
climates has proved the value of this material and it has the further advantage of being 
non-combustible. 
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For the sizes of sawmills contemplated in this gu.ide, structural steel and precast 
concrete appear difficu1 t to justify unless there is a source of supply near to the site. 

From the point of view of safety for the people working in the saNDill and the cap!. tal 
invested in machinery and bu.ildings, the use of licensed civil or structural engineers to 
design and inspect construction of sub-structure and super-structure is strongly 
recommended. Government regulations m~ require such professional advice in areas subjeot 
to earthquakes or ty}iloonse 
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7 .0 OOBS'l'RUC'l'ION PHASES 

The manw stages through which a sawmill project develops from the initial feasibility 
study to the start-up of production is best illustrated by means of a planning network 
diagram. A generalized planning network is set out in Figure 5 showing the logical 
sequence as well as the inter-relationships of the various phases of development. In 
planning evan the smallest mill a diagram of this type should be prepared with realistic 
start and finish dates for each phase. It is essential that these dates represent what 
can reasonably be achieved under the conditions prevailing at the proposed site. By 
following this procedure obvious difficulties or inconsistencies can be spotted and 
rectified at an early stage in the planning of a project. 

Having prepared a planning network and also having obtained general agreement from 
other participating organizations or companies a project construction bar chart as 
illustrated in Figure 6 should be prepared. In an actual situation this schedule 
should be graduated on the horizontal axis in weeks and months. Since this cannot be 
done on anwthing but an actual project baSis, Figure 6 shows the format and items to be 
considered with the approximate proportion of total construction time which they will 
require. 

These diagrams need not be elaborate and can be done by hand; the important thing 
is that the various Iilases are careMly thought out and achievable targets Bet. 
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nGlJRE 6 - PROJECT CONS'l'kLlC'l'ION SCHEDULE 

---------------... ,._------_._-,--
percent of Tot~lJ'.~E5.~c:! Time* 

_Operation 
10 20 30 40 50 60 70 80 90 100 ------_. - - -----------

Site 

Clea.r~n9 an~.9,--r_u_b_b_i_n,-,g~ __________ --I~"" _______ _ ---t---+-__t---f---l___-.-- - .. --. f---

Sewers 
---.------------------------- . -l-=i=:>..~--__If_-_t-__t---._--+-- -- .--f--.---, --~ 
Drainage culverts L......o ==-==~~--=c::.=-:=-==-=:....-..----------_r ... -+-+_-+__-I___l~_+_ --1·- - ._".--

Fill .::-:..-=.::~ ________________ . __ _I~=_=.c::. "'-'--__ +-._~ ___ .. _ --- ..... - ---+--;--
Fire mains -------- - ---- -.----------------ri.,.......l ....... '"--ji---.-f---f--4---f----f 

Grading 
- --"-' - ... --------j~==l___-+--+--~-

Grave~~~;g. ___________ _ 

,Road ------------4r....t ----- ~----
Sawmill 

Foundations 

Concrete slabs and walls 
~, -.-- --+--f--+--+--+--t---+-4-
~ -----

Steel or wood work .. - -'-F-~L-t--+--+----+-+--T-"-­
~-- --.-. f--+-----lf-----+-~ofing 

Framing ___ -=--__________ ----------ll~=~-- ... -- " .. _- .. ~- ---+-+-+_+_+_ 
Sprinklers -

Mechanical 

Headsaw . 
E_d-=.,g_e_s ________ , _____________ --flo-."" __ _ 

~s~ ~ -
.Handling, transfers, conveyors rollcase~s~r~~~~F""'~~~4_-~-_+-~-~--~~--~ 

Residue conveyors 

Drive units 

~Based on time for operation compared to total construction period. Many of these 
operations can take place simultaneously and thus total is more than 100. 
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8.0 COST ESTIMATES 

8.1 General 

Once tentative decisions have been reached with respect to the most appropriate 
milling process and equip~n~ given the previously developed resource and market data, 
the developer must now beg1n the process of assessing the project's financial feasibility. 
The first step in this process is to prepare estimates of capital investment and operating 
costs. The validity of subsequent financial analysis and profit projections will be 
directly related to the quality of the cost estimates. 

In developing cost data for the purpose of asseSSing feasibility, the following 
general guidelines should be followed: 

i. Ensure that ~ areas of project related costs are identified and included. 

ii. Determine, in general terms, the relative significance of the various cost 
elements and concentrate on these during the actual estimating process. 

iii. Attempt to develop a broad awareness of the uncertainty which applies to 
the cost estimates in order to better assess project risk. 

The quality of cost estimates can be seriously impaired when inadequate attention is 
given to the preceding considerations. Thus, for example, coat associated with items 
such as start-up, worker transport and housing, maintenance materials and spare parts, 
interest during construction, power line hook-up, connecting roads or rail lines, design 
fees, construction supervision, administration and working capital are often overlooked. 
Also, there is danger that a disproportionate amount of estimating time and effort be 
spent on relatively unimportant items or in developing accuracy levels, for easily 
obtained data, which are far beyond those attainable for more significant cost elements. 

Finally, it is important to avoid the pitfall of assuming a degree of estimating 
precision which does not exist in reality. Some understanding of the probable cost 
estimating tolerances which apply is most helpful in making final deciSions as to 
whether or not to proceed with the project. For prefeaDibility purposes an accuracy 
level of t20/25 percent for investment estimates is usually acceptable. Given the 
potential impact of such variation, it is particularly important that the estimating 
uncertainty be recognized in order that it can be taken into account in the analysis 
of financial feasibility. 

8.2 Sources of Information 

At the outset, the developer is cautioned against utilizing cost data which have 
been prepared for other sawmills. While such information can be useful as a broad 
guide, each sawmill situation is different and costs, even at the preliminary rever, 
should be developed from basic data specific to the selected site, process and equipment. 

Information requirements for cost estimating will differ with the size and com­
plexity of the proposed sawmill. Similarly, the availability of information will vary 
depending upon the degree of local induGt~ial development and the. e~ent of s~pport 
services such as general contractors, equ1pment manufacture~B, bU11d1n~ mater1~1 su~ply 
outlets, etc. In many situations it will be.necessary to 1mp~rt a ma~or port~on ~1f 
not all) of the mill process eqUipment, in wh1ch ~ase.coBt .est1~tes w111 ~qu1re 1nter­
national correspondence and the subsequent determ1nat10n of fre1 ght, handl1ng, 
currency exchange and import duty. In general, the most l1ke1y sources of coat 
information will include the following: 
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i. Local commercial building and construotion contractors, steel 
fabricators and machiner,y manufacturers. 

ii. International suppliers of sawmill process equipment. In the 
case of a "portable" mill, it is common for the entire operating 
unit to be sold as a complete package, thus obviously simplifying 
the estimating procedures. For medium-size mills, it is likely 
that a variety of estimates will be required from foreign manu­
facturers in order to best satisfy the process equipment require­
ments as. previously determined. Names and addresses of foreign 
equipment suppliers can be obtained from local ·consula.tes or embassies. 

iii. Local sa.wmills and panel products mills for manufacturing and 
construction cost data and specific information with respect to 
construction and start-up considerations. 

iv. other local industries, suoh as cement plants, fertilizer plants 
and oil refineries for construction costs, operating costs, fuel 
oil prices, labour training requirements and general advice. 

v. Local representatives of international organiza.tions such as the 
FAO, the World Bank and the Asian Development Bank (ADB) for general 
local information, international contacts and the results of studies 
and projects undertaken in allied fields. 

vi. Central, State and Municipal Government Departments for information 
with respect to labour rates and legislation, construction regulations 
and costs, foundation conditions, land availability, electric power 
availability and cost and possible opportunities for government 
assistance through grants, loans, tax concessions or similar develop­
ment incentives. 

8.3 Capital Cost Estimates 

8.3.1 General 

Capital costs or "fixed investment" include the following elements which in 
aggregate represent the total capital investment required for the proposed project: 

i. Land and ite development. 

ii. Structures. 

iii. Process and ncillary quipment (purchase and installation). 

iv. Construction Overhead. 

v. Engineering Costs. 

vi. Working Capital. 

vi i. Pre-Dperat ing Expense. 

viii. Capitalized Interest Expense. 

ix. Contingency Allowanoe. 

Each of these elements will be discussed briefly in the following sections. 
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8.3.2 Land and Site Development 

The costs of purchasing and preparing the selected site must be estimated. While 
this is a relatively simple task, the estimator should be alert to any special situations 
which ~ apply. Building regulations ~ require the provision of sit~elated 
services which are greater in scope, or cost, than the minimal requirements envisaged 
by the developer. These can include water mains, sewage syatems, drainage systems, 
fire protection, flood control, worker housing and amenities. SpeCial legal fees can 
be incurred in aituations involving the lease or purchase of land whioh has existing 
ownership complexities such as multiple owners, estates and so forth. 

Soil and foundation conditions can be critical to the development of an effective 
mill. Particular attention should be paid to potential flooding situations,erosion of 
adjoining hillsides or river banks, the possible need for piling or speCial footings 
under the main items of process equipment, the need for pre-compaotion to remove ground 
water, and so forth. 

8.3.3 Struotures 

The structures required for small to medium-sized sawmills are minimal, particularly 
in tropical countries. Process equipment, electrical services, operating supplies and 
spare parts should be protected from rainfall. Workers should be shielded from direct 
sunlight and also nave some protection from rain. Security is a vital aspect of any 
industrial operation and is probably best achieved through the provision of 24-hour sur­
veillance by a security staff, rather than reI iance upon an enclosed structure. Finally, 
some provision must be made for an enclosed office space to allow for the preparation 
and protection of operation and financial records. 

In the case of portable and small sawmills in which the structures required ~ not 
involve more than a small office and lightweight rain protection, the developer can 
estimate the cost quite simply on the basis of local building materials and the provision 
of a few workers - probably including himself. For a medi~zedmill, with more sub­
stantive structures and foundation requirements, quotations can ~e obtained from local 
building contractors. Care must be taken to include ~ costs which may reaaonably 
be expeoted to be associated with site development, including some, or all, of the follow-
ing items: 

i. 

ii. 

iii. 

iv. 

v. 

vi. 

vii. 

viii. 

ix. 

x. 

xi. 

xii. 

Site purchase or lease. 

Transportation facilities (loading docks, log ponds, rail spurs, 
access roads). 

Sewers. 

Fire protection. 

Office building. 

Mill stores (protection for operating supplies, maintenance 
materials and spare parts). 

Maintenance shop. 

Water supply. 

Power supply. 

Wood handling and storage. 

Sawmill structures (including foundations). 

Sawnwood warehouse (if required). 
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Process and Ancillary Equipment 

Equipment estimates are based upon the previously developed general process designs 
and upon estimated prices received in response to enquiries for major equipment items. 
This information is supplemented with quotations from local equipment suppliers, fabri­
oators and contractors as required. All major items of process equipment must be 
accounted for. Suitable allowances must also be made for ancillary equipment such as 
materials handling. All material and equipment estimates must include the total cost 
delivered to the mill site. Thus, applicable surcharges covering items suc~import 
duty, taxes, dock charges and handling, local freight and storage charges and the cost 
of unloading at the mill site must all be accounted for. Labour estimates for the 
installation of equipment must be based either on quotations reoeived from contractors 
or, alternatively, on estimates by the developer of man-day requirements in conjunction 
with estimates of labour rates which include applicable benefits. 

Construction Overhead 

This item includes construction-related oosts which would be borne direotly by the 
developer rather than the contractor. This can include items such as temporary worker 
accommodation, equipment rental, owner's vehicles, temporary power, water and sewage 
services, and job site management. 

8.3.6 !D6ineering 

Some allowance should be made for engineering fees associated with the design and 
construction of the mill. In the case of large mills this cost would normally be in 
the order of 1 to 8 percent of the total plant capital. For a portable mill it is 
unlikely that any engineering fee would be encountered, as the process equipment would 
be supplied as a complete operating unit. Similarly, a small sawmill would probably 
only require minimal involvement of engineering services, particularly if the selected 
equipment suppliers provide comprehensive technical and installation information. In 
the case of a medium-sized mill, it is quite probable that the developer would wish to 
engage a sawmill engineer to advise on the mill deSign, equipment sizing and solution 
and to possibly provide construction supervision. 

8.3.1 Working Capital 

lbe estimates provide for capital invested in inventories of sawlogs, finished and 
dried sawnwood, fuel, lubrioants, repair materials, saw blades and other consumable 
materials. Also included in the working capital are accounts receivable, pre-paid 
expenses and a cash reserve. The amount of current assets is partially offset by an 
allowance for accounts payable. 

The build-up of sawnwood, sawlog and possibly other inventories would continue 
after start-up and would be financed either by cash from operations or by capital 
funds provided. The cash flow projection would indicate the availability of funds 
from operations. 

In new business ventures it is particularly important to provide sufficient working 
oapital to meet the ooste of the first weeks or months of operations until a cash flow 
has been established. A subsequent rapid expansion in sales may create a need for 
additional working capital to meet the cash coste of production. 
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8.3.8 Pre-operating Expense 

Pre-operating expenses are non-construction expenditures incurred before there is an 
inflow of funds from operations. Included in the pre-operating expense are salaries, 
wages and expenses of personnel engaged at various stages before start-up, as well as 
insurance, property taxes, supplies and other items required in readiness for the start 
of operations. 

The pre-operating expense is usually written off over a period of time, in accordance 
with allowable local practice, as defined within the appropriate income tax regulations. 

8.3.9 Capitalized Interest Expense 

In projects which are partially financed with borrowed funds, interest is usually cal­
culated on the amount drawn and sometimes a commitment fee calculated on the amount not 
drawn is also charged. During the construction period and up to the time that cash is 
available to p~ interest or make loan rep~nt instalments with interest, the amounts of 
interest due are added to the amount borrowed. During this period of grace, interest on 
interest is calculated and also added to the outstanding amount of the loan. 

8.3.10 Contingencies 

When estimating the plant capital cost, the estimates include the cost of all the 
known components in line with the engineering concept. However, as detailed design and 
construction proceed and more is known about the plant and proceSSing, certain items ma.y 
be required which were not included in the departmental estimates. A contingency 
allowance is included in the initial plant capital cost estimates to cover the cost of 
additional components or changes to the original concept. The amount of the contingency 
is a matter of judgement, but for the capital cost shown in this guide, the allowance is 
10 percent of the sum of the plant capital, engineering and construction overhead. The 
contingency allowance is not intended to provide for the escalation of costs during the 
planning, deSign, and construction period. 

8.3.11 Summ~ Tabulation of Capital Costs 

Once the basic capital cost data have been developed, it should then be assembled into 
a simple tabular arrangement. This will organize the data and help ensure that none of 
the essential cost estimates have been overlooked. A suggested format followa: 

Capital Cost Summary 

Site acquisition and preparation 
Structural materials 
Erection 

Total site and structures 
Imported machinery and spares, cn' entry port 
Import duties and charges 
Local handling and delivery to site 
Local manufacture and equipment, delivered to site 
Equipment installation and assembly 

Total installed equipment 

Cost 
$ 
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Ancillary equipment (not included above) 
Construction overhead 
Engineering 
Contingencies 

Total plant investment 

Pre-operat ing expense 
Capitalised interest 
\'lorking oapi tal 

Total Investment 

The sample format can be modified to meet specific requirements. lilore than one case 
maar be included in order to compare total investment requirements. The foreign exchange 
component ~ need to be shown separately in order to meet local regulations. In some 
cases, the materials, equipment and labour ~ all be supplied by a single contractor at 
a fixed cost. 

It is important tha.t all supporting documents and calculations underlying the final 
capital cost estimate be kept on file, clearly referenced as to source and date. This 
greatly reduces the amount of time and effort required to up-date estimates should the 
project be delll3"ed or to verify cost estimates should they be questioned by potential 
lenders or equity participants. 

8.4 .anuracturing Cost Estimates 

8.4.1 General 

''Manufacturing cost" comprises all costs involved in the conversion of logs into sawn­
wood, ready for sale and ~elivery at the mill gate. It is frequently expressed as a cost 
per unit volume (e.g.,3/m ) of sawnwood based on the volume of sawnwood produced in an 
operating year and all manufacturing costs incurred in that year. 

The general procedure involved in preparing mnnufacturing cost estimates involves: 

i. Establishment of the grades and production volume of sawnwood, based 
jointly on the requirements of the market, production capability and 
the availability of sawloes. 

ii. Establishment of statistical and cost data such as the recovery of sawnwood 
and reSidues, by type, from a volumetric unit of sa.wlog wood, electric power 
oonsumption per unit of sawnwood, and the delivered prices of raw materials 
and energy. 

iii. Preparation of the manufacturing oost estimate. This step involves a series 
of calculations beginning with the annual production volume at normal operations 
to determine the required sawlog and energy quantities and costs and other 
material costs. Final steps involve the estimation of labour costs, salaries, 
insurance, property taxes and other administration and overhead expenses. 

8.4.2 Unit Volumes 

The volume of sawnwood over which the total manufacturing cost is distributed is the 
net volume of finished sawnwood sold at the mill gate. The implication of this is that 
all losses of wood oocurring in the processing of logs to finished sawnwood must be allowed 
for in the cost components. 
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Examples o~ wood losses are: 

i. Logs broken in the log yard so that the broken lengths are too short. 

ii. Logs that sink in a log pond which are not recovered. 

iii. Logs damaged by insect or f'ungal attack. 

iv. Sawnwood that is not cut correctly on the headrig so that 
width or thickness is not to specification. 

v. Sawnwood that is edged too heavily leaving good wood in the off-cuts. 

vi. Incorrect trimming to length. 

vii. Losses due to excessive checking, bowing and warping in the air-drying 
yard. 

viii. Dec~, brittle heart and similar defects appearing as the sawnwood is 
process.d. 

ix. Sawdust from all saw kerfs. 

Losses due to saw kerfs and losses due to sawing and edging of the rounded surfaces 
together can amount to 40% to 50% of the volumes of the log. I~ other losses are added 
to this amount it is then not unusual to find thut the volume of ~inished lumber sold 
represents only 3CJ'f to 50% of the volume of logs purchased. 

The experience o~ local sawmills processing logs of similar characteristics ~ 
provide a ~ guide as to the recovery percentage to be expected from a new mill. How­
ever, it is stressed that any values obtained in this w~ should be treated with caution 
due to wide variations in measurement and recording techniques, as well as the effects 
o~ equipment type, maintenance and operation. 

8.4.3 Sawlogs 

The production obtained from sawlogs is based on the recovery of finished sawnwood, 
both measured in the same unit of volume. For example, if the recovery of sawnwood is 
50 perjent and the unit of measurement is t~e cubin metre, then the requirement of sawlogs 
is 2 m o~ solid wood under bark (ub) per m of sawnwood. Should sawlogs be scaled in a 
uni t of measurement different f'rom that of' s8.Wllwood, the appropriate conversion factor is 
used to determine the requirement of sawlog wood. Care must be taken in the accounting 
process to ensure that the conversion factor is correctly used to determine the true cost 
of sawlog wood per unit of finished sawnwood. 

The residue ~rom the conversion of sawlogs to sawnwood consists mainly of Off-cuts, 
edger trimmings, rejected wood and sawdust. Some of these by-products m~ be used in 
the mill or sold for remanufacturing pulp production or as ~irewood. For accounting 
purposes it is neoessary to estimate the value of each class of by-product that is either 
utilized in the mill or sold. The disposal o~ wood residues that are neither usable in 
the mill or saleable is a cost element to be included in production costs. 

8.4.4. Labour 

A detailed labour oost estimate is prepared by listing each job in the mill, the basic 
~ rate for the job, the number o~ men required per job r~r shift, the number of shifts 
required per operating period, and calculating the basic cost o~ labour for the period. 
To that amount is added other direct labour costs, such as shift dif~erential, overtime 
and other ~ premiums, statutory holid~s and vacation ~~, and other allowances paid 
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directly to the workers. There are other labour costs to the employer which are paid into 
funds as expenses incurred on behalf of the worker which may also be added to the labour 
cost account but are more usually charged to the mill administration and overhead accounts. 
Such expenses might include contributions to health and welfare funds, unemployment 
insurance, workmen's compensation fund, meals, protective clothing, travel to and from work, 
children's education allowances and other benefits. The types and value of the benefits 
paid directly to, or on behalf of, the workers vary considerably according to local 
custom or employment agreements. In many countries the cost of benefits to the worker ~ 
be equal to, or greater than, the basic salary. 

8.4.5 Energy 

The energy required to drive machinery and to provide light and heat is estimated in 
its various forms and is measured either in units per unit of production, or by the amount 
consumed in a period of time. Secondary statistics ~ have to be developed for the cost­
ing process. For example, assuming that the sawmill machinery is driven by electric power 
and the source of this energy is a diesel fueled turbogenerator, then to determine the 
cost of diesel fuel per unit of production the information required is: 

kWh per m3 of sawnwood, 
Litres of diesel oil per kWh. 

Similarly, heat used for drying sawnwood is expressed in heat units per unit of pro­
duct and the fuel required to generate the heat is included in the statistics as a unit of 
fuel per unit of heat. Fuel for heating buildings is a seasonal requirement and can be 
calculated as an average usage per unit of sawnwood or listed as a total consumption in 
the period covered by the cost estimates. In the examples of capital and manufacturing 
costs contained in this guide, however, it has been assumed that the sawnwood is air-dried 
and the location of the mills are in areas which do not require space heating of buildings 
at any time. 

8.4.6 Other Materials 

Other materials consist of consumable supplies such as saws, fuel and oil for mobile 
equipment, lubricants, operating supplies and repair materials. The estimation of the 
cost of other materials is usually based on the actual experience of similar sawmills 
because it is impracticable to attempt to estimate the consumption cost of each item. The 
cost of other materials is usually based on a rate per unit of output, by department or 
for the mill as a whole, or the cost over a period of time. 

8.4.1 Administration and Overhead 

Administration and overhead include salaries and benefits of management, SUpervisory 
and office staff, workers' benefits (8.4.4), if not included in the labour cost estimate, 
general overheads, property taxes, insurance, and professional services such as legal and 
audit fees. General overhead includes communications, office supplies, licence fees and 
other levies, and sundry expenses. 

The administration and overhead expenses are considered, in the above discussion, as 
a manufacturing cost. The estimator ma.Y wish to follow the alternate practice of showing 
this item separately as an operating expense to appear on the profit and loss statement as 
a deduction from gross profit. 

8.4.8 Contingencies 

A oontingenoy allowanoe is included in the manufacturing cost estimates to oover the 
cost of unforeseen items. The ratio of the allowance to the total manufacturing cost is 
a matter of judgement, but for the examples of manufacturing costs shown in this guide the 
allowance is 5 percent of the total. 
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8.4.9 Depreciation 

:rt is at the estimator's discretion whether depreciation is included :in the manufacturing 
cost or treated separately. In any case, the stipulations of the national and/or local 
regulatory agencies must be taken into account in the treatment of depreciation expense. 

8.4.10 Detailed Estimating Procedure 

Analysis of the data required to obtain an "Estimated Manufacturing Cost per Cubic 
Metre of Finished Lumber" ~ be approached from the basis of log supply or market. Since 
log supply has been used as the basis for sawmill size selection, this will be continued 
in the following discussion. 

i. Establish the volume of log supply per annum. 

ii. Assume that finished sawnwood available for sale will be at a 
certain percenta.ge of log volume (e.g. 4~). 

iii. Establish the number of operating shifts per year taking into 
account seasonal shutdowns, vacations, local holi~ customs, etc. 

iv. Establish the duration of each shift as appropriate to the local 
area and prevailing laws and regulations; (e.g. for a shift of 
eight working hours, or 480 minutes, it is common practice to 
deduct two rest breaks of 15 minutes duration each and assume 
interruptions to production of about 50 minutes. This gives a net 
produ(:tion time of 400 minutes. Z,1eal periods are not considered 
part of the shift duration.) 

v. Establish the complete cost of logs delivered to the log yard. 

vi. Establish the annual wage or salary costs for each category of 
operating and non-operating personnel. Include all fringe benefits, 
paid vacations, paid sick leave, social programme costs, etc. 

vii. Prepare a total annual wage and salary cost estimate by multiplying 
the individual costs determined in vi .. above by the number of people 
in each category. 

Viii. Estimate the total annual cost of all other items. 

ix. Compile the aggregate of all costs to determine the total expenditures 
for a year of operation. 

x. Divide the total cost derived above by the estimated volume of finished 
sawnwood produced in a year of operation to obtain an estimate of the 
unit manufacturing cost. At this stage it is easy to test the effect 
of sawnwood recovery percentages by introducing several different values 
into the above calculation; (e.g. with high log quality and efficient 
sawmilling practices oawnwood recovered may approach 5~ of log volume. 
Conversely with low quality logo and poor sawmilling practices sawnwood 
recovery ~ approach 251> of log volume. Hence, the unit manufacturing 
cost in the firGt case will be half of that in the second cas~) 

xi. The average volume of lor, input to the sm-nnill per shift can be deter­
mined by dividing the loe volume consumed per year by the number of shifts 
per year. The approximate. n~un~er of logo to be moved into th~ mill per 
shift can be obtained by d1Vld1ng the total log volume per sh1ft by the 
estimated volume of the average log. 



- 76 -

xii. The average volume of sawnwood produced per shift can be calculated 
by dividing the estimated sawnwood volume per year by the number of 
shifts per year. (Hhen the sawmill is in operation this statistic 
provides a bacis for rapid comparison of mill performance against fore­
cast.) The average number of pieces of sawnwood to be produced per shift 
can be obtained by dividing the total sawnwood volume per shift by the 
estimated volume of the average piece of sawnwood produced. 

xiii. The exercises described in items xi and xii are useful in analyzing the 
rates at which logs and sawnwood are expected to be processed. The study 
can be refined further into rates per minute by using the net shift 
production minutes obtained as described in item iv. 

xiv. The applica.tion of standard industria.l engineering techniques then 
permits analysis of probable low and high production rates, tra.vel times 
and manpower work loads. 

It must be emphasized that the most significant variables are log quality, 
log size range, and log species. Variations in log quality obviously 
affect the peroentage of good sawnwood which ~ be recovered. 

Small logs require greater production time for the same volume of finished 
sawnwood that could be produced from the optimum size of log for ~ 
specific sawmill. Logs larger than the headrig can handle require extra 
production time to cut them into quarters before reaching the headrig. If 
selection of log oizes is possible at the time of purchase, then it is 
desirable to maximize the number of logs within the preferred size range 
of a sa.wmill. 

Dr,y, abrasive species requiring slow feed speeds reduce production rates 
and increase maintenance costs. If species selection is possible at time 
of log purchase, then it is advantageous to eliminate such less desirable 
species altogether. 

8.4.11 Presentation of Results 

In setting out the information collected by following the foregoing procedure all 
the assumptions upon which the work is based must be clearly stated. 

The effect of variations in cost of logs delivered to the sawmill is of great impor­
tance, as is the reliability of supply over the anticipated life cycle of the sawmill. 

To present an accurate picture upon which to base financial commitments, it is 
essential that the effects of various lumber recovery peroentages be tested and tabula.ted 
to show the variations in unit manufacturing cost. 

The expected revenue based on predicted sales of finished sawnwood is then used to 
determine excess of income over cost of producing lumber. Standard analytical teChniques 
IIIa-Y then be used to test the economic soundness of the proposed sawmill. 

A convenient and logioal method of setting out this information is shown in Part 2 -
Case Studies. 
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9.1 Time...z,1oney Schedule 

The capital funds required for a sawmill project are spent over a period of time 
cOllllD8ncing at the design development stage. The estimator should prepare an engineeriN?: and 
construction schedule to determine the commencement date of design development and the start­
up date. The next step is to prepare a time-money schedule based on the anticipated 
spending of funds in time periods, for plant capital, working capital, pre-operating expense 
and other capital cost items. 

The time-money schedule for plant capital would normally show a slow rate of spending 
in the early stages, from design,througb site preparation and foundations construction. The 
period of heavy spending occurs during the purchase and installation of machinery and equip­
ment. The rate of spending slows down during the cOllll1issioning period prior to start-up 
when expenditures are mnde primarily for adjustments and finishing. Hhen preparing the 
time-money schedule, the estimator should allow for a time lag in the outflow of cash due to 
credit terms, and/or the hold back of a portion of ~~ents due to contractors and others 
until agreed standards are satisfied. If such allowances are l'equired then the actua.l out­
flow, if cash, will continue after the mill start-up. 

The time-money schedule for working capital commences when funds are required prior to 
start-up for sufficient inventories of raw materials, operating supplies and other materials. 
Since the mill will not normally operate at the design capacity for several months, the 
inventory of sawlogs at start-up ma.v be lower than the volume required for normal operations. 
In this instance, the inventory of sawlogo would be built up as the mill increases the 
through-put of logs up to its design capacity level. 

It should be recognized that the sawlog inventory in the average over a given period. 
The supply of logs mavr, however, be erratic due to sen.sonal conditions affecting logging 
operations and transportation. The actual inventory of sawlogs at the mill will vary from 
month to month due to supply problems but the average inventory during a year should reflect 
the planned volume. 

The inventories of salfflwood oonsist of sawnwood in the process of drying and the fully 
dried product. These inventories are built up during the first year to the most praotical 
level for the sustained opera.tion of the mill and the supply to its marketo. 

Other items which are included in the example of working capital in this guide are 
accounts receivable prepaid expenses, cash reserve, and aocounts pa.vable. The time-money 
schedule for each of the above items is prepared and consolidated into one schedule for 
working capital. 

The time-money schedule for pre-operating expenses is prepared in the same manner as 
the schedule for working capital. Certain oosts such as the sal~ and. expenses ~f the 
senior operating staff would be incurred throughout the conatructlon perlod. Unskllled 
workers would probably be employed a fel·, I-Ieeks before st~-up; t~erefore their aalaries 
and expenses would be incurred at the end of the construotlon pcrlod. 

The time-money schedules for the plant capital, working ca.pitn.l and pre-operating 
expense are then consolidated into one sohedule. 
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9.2 Finanoing Plan 

The tim810ney sohedule indioates when the oapi tal funds 8l'8 expeoted to be spent. 
The next step in the planning prooess is to oonsider the sources of funds and decide upon 
an anticipated financial. struoture for the business. The souroes of :f\mds include the 
cash available from the sh8l'8holder(s), borrowed cash, and government grants. 

Governments mq have finanoial assistance progranmes in the form of outright oash 
grants Or ma.v offer low-cost loans, or m~ make loan guarantees that enable a business 
to obtain more favourable oredi t terms than it would obtain without such guarantee •• 
Government financial assistanoe programmes should be thoroughly explored to identify 
possible sources of assistance. 

If all of the oapi tal funds are to be provided by the shareholder(s), or the balance 
if some funds are available from the Government, then the financing plan is merely the 
determination of the type or types of liability of the business to the shareholder(s) when 
the investment is made. 

If a portion of the necessary capital funds is to be borrowed, then the anticipated 
financing plan will be based on a suitable ratio of 10llg'-term debt to equity. The 
desirable ratio would be that which optimizes the return of the shareholder'S investment. 
However, there are certain constraints to consider such as the limit of debt and the 
ability of the business to meet debt service obligations. At this st888 of the planning 
st~ an arbi tra.r;y debt: equi ty ratio mB\Y be set, saj}/' at 60: 40, to determine the amount of 
oapi tal funds to be borrowed. 

The sources of capital. funds are then reviewed in order to obtain the most favourable 
borrowing oonditions. The aid programmes of the looal government as well as those of 
governments of other oountries and international finanoial. agencies should be examined and 
applications made for eligibility to benefit from such aid, the amount available, and the 
conditions of the assistance. The international agencies mentioned above include the 
International. Developnent Association (IDA), a vlorld Bank affiliate for concession~ 
lending, which offers long'-term repa;yment of an interest free loan at the cost of ~ 
of one percent to cover the Fund's administration expenses. The Asian Developnent Bank 
ID8iY' consider a loan from Speoial Funds Account under most favourable conditions similar 
to that of IDA. 

If capital. funds from the above1entioned sources are unavailable, or inadequate, then 
funds will have to be borrowed from ordinary capital. resources. These resources include 
governments, international agencies, commercial. banks and other financial. institutions. A 
survey should be made of the most likely lenders to determine the availability of funds and 
the different loan oonditions. At this stage of the planning process loans are not 
negotiated. The survey of the availability of capital. f'unds i8 made in order to establish 
the most likely debt finanCing available to the project. 
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10.0 1I'INANCIAL PROJ~TIONS AND ANALYSIS 

10.1 General 

The preparation and analysis of financial projections is a key element in the planning 
prooess of EIZlY industrial develolJDent, regardless of type or size. All those who ma.)" 
become directly involved in the proposed project such as equity investors and lenders of 
capi tal f'lmds clearly have a strong interest in assessing the financial strength and expectEd 
returns relative to the probable risks involved. Similarly, government agencies responsible 
for dealing with financial grants, tax concession, etc., Will need to be satisfied that the 
proposed project is financially sound. 

There is a variety of financial analysis techniques employed in project planning 
ranging from relatively simple procedures to extremely soJhisticated approaches involving 
computers and requiring a high degree of specialized training. For the small to medium­
sized sPlDill, the financial projections and analysis need only involve quite simple state­
ments and calculations. EmIitasis should be placed on understanding the implications of tl8 
analysis and relating these to the uncertainties which are inherent in fJCIY project and 
which should have become evident during the previous planning work. 

The financial projects and analysis should include the follOwing basic elements, each 
of which will be discussed briefly in subsequent paragraphs: 

i. Income statement. 

ii. Cash now statement. 

iii. Balanoe sheet. 

iv. Profitability analysisG 

v. Sensitivity analysis. 

10.2 Inoome Statement 

The inoome statement indioates the actual profit (or loss) which ma.)" be expected, 
based upon the various cost and revenue projections which have been developed separately. 
This statement should be projected for five years if possible. Ideally, for the first 
year of operations the statement should be prepared on a monthly basiS, with annual pro­
jections for the subsequent years. The elements of various benefits and costs involved 
in the preparation of an income statement are as follows: 

10.2.1 Net Sales Revenue 

The net sales revenue is the product of sales volume of sawnwood and by-products and 
mill net selling prices. Sales volume is usually taken to be equal to mill produotion 
exoept during the initial operating period in whioh inventories of s8Wnwood are developed. 
The sales volume in the first six to twelve months will be much lower than normal as the 
mill gradually works up to its planned operating capacity. During this period a portion 
of the output will be directed to the establishment of a base inventory. 

The mill net prioe is the estimated market price (as developed in the market studJr) , 
less adjustments for transportation costs, insuranoe, cOlllllisaions, duties and other levies 

Which mq apply. 
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10.2.2 Manufacturing Cost 

The developnent of manufacturing cost has been dealt with previously. These 
costs include those which are fixed regardless of the mill's output levels and those 
which vary with production. 

10.2.3 Oross Profit 

The difference between net sales revenue and manufacturing cost is referred to 
as gross profit (or loss). 

10.2.4 Depreciation and Amortization 

Depreciation is a t'non-cash" cost. Depreciation is a wa({ of spreading the capital 
cost of the plant and equipnent over the estimated life of the assets. It is very 
difficult to predict the life of operating equipnent as it varies with its basic design 
and construction, intensity of utilization and maintenance. There are vari'ous methods 
of establishing depreciation cost. It is customary for the local income tax ~lthority 
to have established procedures which must be followed for the purpose of computing taxable 
income and care must be taken to comply consistently with these regulations. For purposes 
of developing depreCiation oosts at the Planning stage a straight line depreoiation method 
is oommonly used, whereby the plant and equipnent is depreoiated in equal amounts over an 
arbitrarily established life expectanoy for the speCific situation. 

Amortization is the term used for the periodic write-off of pre-operating expenses. 
The applicable income tax regulations ma.y dictate the period and/or rate at which the 
write-off is allowed; otherwise the rate used is at the discretion of the estimator. 

10.2.5 Interest Expense 

Financing the project has been discussed in an earlier section of this guide. Should 
the anticipated financing plan include borrowed funds, a debt repa.yment and interest 
sohedule is prepared. The schedule will show the balance at the end of each time period, 
the amounts of principal rep~ents and interest in the time intervals, in accordance with 
the loan agreement(s). From the debt re~ent and interest schedule the amlual amounts 
of interest due are entered in the appropriate columns on the income statement projection. 

10.2.6 Wet Income (Loss) before Income Tax 

The net income or loss is derived by deducting depreciation, amortization and interest 
expense from gross profit. 

10.2.7 Income Tax 

Corporate or income taxes are those taxes levied on the profits of the business by 
the various levels of government. The income tax act and all government incentive pr0-

grammes should be carefully studied so that full advantage is taken of allowable deductions 
from inoome, oarry forward of losses, tax holidaNs, investment tax credits and other 
incentives to invest. The estimated amlual amount of corporate tax is entered on the 
projected income statement in the appropriate oolumn. 

10.2.8 Wet Inoome 

The net inoome (or loss) af'ter income taxes is the net amount of profit before tax, 
less the amount of tax. 
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10.3 cash Flow statement 

The projected cash flow statement is the most important tool used for analyzing 
capital expenditures. It reflects the actual cash inflow, outflow and balance and hence 
provides a vital measure of the operation's ability to meet its short-term cash obligations 
(SUCh as pa.yroll, log purchases, etc.) and of the "safety margin" in terms of cash balance 
on hand to meet unexpected demands. The cash flow statement is normally projected over 
the same period as the income statement and, in addition, covers the construction period, 
as decignated by the first expenditure of funds directly chargeable to the project. The 
cash flows should be projected on a monthly basis during both construction period and.at 
least the first twelve months of operation. 

Cash flow is ~ equivalent to income, profits or earnings. Non-cash charges are 
not include~ in most cases the operating cash flow is the sum of after-tax profits plus 
depreciation and amortization charges. Furthermore, the cash flow statement reflects the 
estimated timing of oash receipts and disbursements which, because of particular sales and 
purchase arrangements, as well as the method of accounting, may differ substantially from 
the income statement. 

Cash flow prOjections comprise the following elements: cash from operations, cash 
from capital funds prOvided, cash expenditures and net cash flow. 

10.3.1 Cash from Operations 

As depreCiation and amortization are non-cash expenses, they must be added to the net 
income figure in order to derive a true cash inflow from operations. 

10.3.2 Oaah tram Capital. F'Imds Provided 

The time-money schedule and interest during construction calculations indicate the 
timing of capital funds. In the cash flow statement the funds provided to meet the 
expenditures at the required time are shown as "capital funds provided", with the amounts 
from differing sources clearly identified. h~en l~ing out the format for the cash flow 
projection, care should be taken to show short-term loans as a separate item, as this type 
of financing may be required early in the start-up period when revenue is low and cash 
obligations are relatively high. 

10.3.3 Cash Expenditures 

Cash expenditures include the outflow of cash for mill construction, working capital, 
pre-operating expense, additions to assets after start-up, and the repayment of debt. The 
time-money schedules and the interest during construction calculations show when the 
capital funds will be spent. The annual amounts, by the type of expense, are entered on 
the cash flow projection in the appropriate columns. The annual (or monthly) amounts of 
debt repa,yment are entered in accordance with the time-money schedule. Also, an allowSllOe 
should be made for annual capital expenditures required to maintain the productive capacity 
o~ the mill. Included in this expenditure are major repairs and alterations and the 
replacement of major pieces of equipment in amounts greater than would normally be charged 
to manufacturing costs. These capital expenditures are charged to fixed assets and 
depreciated over an appropriate period. 

10.3.4 Bet Cash Flow 

The net oash flow is the amount remaining after deducting cash expenditures ~rom the 
total of cash from operations and capital funds provided. 
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10.4 Balance Sheet 

The balance sheet statement represents the fincmciaJ. position of' the proposed sawmill 
at a given point in time. It is llsually projected on an annual basis, as of 31 Deoember. 
The two major components o~ the balance sheet are: 

i. Assets - current and lone-term. 

ii. Liabilities and owner's equity. 

Current asset s compri se the follol·ring el ement s: c;u;h, acc01mt s recei vabl e, mi sce1laneous 
J>C\Y1Dents and inventories. Current assets are lrener:1lly those items which are expected to 
be oonverted to cash within the next tuelve months. Lone-term assets oonsist of land value 
and the depreciated value of buildines and equiJlTlent. 

Liabilities include both current and lone-term obligations. Current liabilities 
include accounts I>a\Yable, accrued ./nees and other expenses, estimated income taxes PSiYable 
and other current liabilities such as monthly ~entB for nlel ~jQ electricity. Current 
liabilities are generally those short-term obliga.tions "hich must, be paid in the next twelve 
months. Lone-term liabilities are the projected amounts 0(' the long-term debt as of the 
balance sheet data. 

Total owner's equity is the di~ferellce betl'leen totnl assets and total liabilities. 
Total equity less the value of cnpi ta.1 G tock is knOl'/ll as retained earnings. 

10.5 Profitability Analysis 

Various methods are available to assess the 9xpected profitability of a proposed 
venture. In the case of small to medium-sized sawmills, the f'ollowing are considered to 
be appropriate: 

i. Gross return on total investment. 

ii. Net return on equity investment. 

iii. Interest coverage ratio. 

iv. Debt service ra.tio. 

v. P~ack period. 

The method of calculation and siGnificance of' eooh of the foregoing follows: 

10.5.1 Gross Return on Total Investment 

This ratio oan be particularly useful in compnrinlr projects. It provides a rough 
measure of a project's .,orth before the effects of' financial and tax charges are included. 
It is calculated as f'ollows: 

Net Sales Revenue - Manufacturing Cost 
To·tal Cap! tal InV'estment 

10.5.2 Net Retuln on Eqtlity Investment 

This is one of the most important measures of investment North. It is expressed as 
the percentage of net income (profit) to total equity investment. It provides a means of' 
assessing the proposed investment return relative to the return ~1hich the investor miGht 
expect to achieve in alternate ventures, inoluding the relatively "risk free" option of 
investment in bonds. 
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10.5.3 Interest Coverage Ratio 

This provides a measlU'e of the venture's ability to cenerate sufficient funds to 
adequately meet interest pa;yments on its debt oblieations. It is calculated as f'ollows: 

Gross Profit - Depreciation and Amortization 
Total Interest Charges 

10.5.4 Debt Service Ratio 

This is calculated by dividinG erOSB profit by the sum of the pa;yments for both 
interest ~ debt retirement. In eener31, a ratio bolow 2oaf., is regarded as poor, with 
insufficient margin for safety. 

10.5.5 P![back Period 

The pa.yback time is intended to provide an estimate of the number of years required 
to recover the capital invested in the proposed saulnill. 

It is the ratio of the initial fixed investment over the azmual cash flows f'or the 
recovery period. ThUB, for example, if the initial investment is ::na,ooo and the annual 
cash flows are 34,000, M,ooo, %,000, ~~4,OOOO respectively, in the first three years 
$16,000 of the original investment will be recovered, foHol-,ed by 34,000 in the fourth 
year. Thus the paurback period would be: 3 years + (~~:ggg) or 3-b- years. 

It should be noted that the ~back method has one major shortcoming in that it fails 
to consider cash flows which occur ~ the pa,yback period. Also, it does not take 
account of the magnitude or timing 0 r cash not-IS during the pa.-yback pttriod; it considers 
only the recover,y period as a whole. Nevertheless, the pa.-yback method is a usef'ul aid 
in providing a limited insight into the risk and liquidity of a project. In general, the 
shorter the pa.yback period, the less risk;y the project and the greater its Hquidi ty. 

\'lhile more so);ilisticated methods are available (lmich take into account the "time 
value" of money), the complexities involved in their application are sllch that they are 
generally more appropriate for lareer-scale investments than those considered in this 
manual. 

10.6 Sensitivity Analysis 

A moat important aspect of any financial analysis is the examination of what happens 
to the project's earnings capacity should actual events differ frOm those l~pon which the 
planning estimates are based. The sensitivity of the projected financial return of a 
project to a decrease in selling price, an increase in construction costs, or an increase 
in manufacturing costs is of fundamental importance to both the potential equity holders 
and lenders of capital. All projects are subject to some uncertainty and any decision 
to" proceed, or not, is suspect unless tUlCertainty is recognized and its potential impact 
assessed. 

Sensitivity analysiS involves a simple procedure. Different values f"or each of the 
principal variables (sales price, sales volume, manu~acturine costs, and capital costs) 
C'8 selected and calculation made of the reBul ting retnrn on investment. It is usually 
only neoesB~ ·to select one or two alternate values f'or ea.ch variable in order to develop 
a reasonable insight into the sensitivity of the project's returns to changes in tha.t 
variable. 



- 84 -

The following simple example illustrates the sensitivity analysis technique: 

Basic Assumptions: 

Initial Equity 
Selling Price 
Selling Volume 

Projected Results 

Net Sales Revenue 

Less Manufacturing Cost ~$60/m3) 
Gross Profit 

Less Depreciation and Amortization 

Interest Expense 

850,000 

$25,000 

$300,000 3 
: loo/m3 

4,000 m 

Typical Year 

$400,000 

$240,000 

$160,000 

$ 75,000 

Inoome before Income Tax S 85,000 

Less Income Tax (40%) $ 34,000 

Net Income after Tax S 51,000 

Rate of Return on Initial Equity Investment (ROI) 17"/0 

Variable 

Net Sales Revenue 
+10% 
-101f0 

Manufacturing Cost 
+10% 
-101f0 

Equity Investment 
+201f0 
-2CJ1fo 

--
Return on Equity 

12"}. 
21% 

14% 
21% 

The sensitivity analysis indicates that the example project is most sensitive to 
changes in Net Sales Revenue. As shown above, a change of 10% in Net Sales Revenue 
results in a change of approximately 50% in Return on Equity, from 17"/0 to 25~ for a 
l~ inorease in sales revenues and from 17% to 9'fv for a l~ decrease in revenues. 
Both Manufacturing Cost and Equity Investment have significantly less effect on the 
rate of return on investment. 

Another ~ of evaluating the sensitiv.y of a project is to calculate the break­
even point. This is the production or sales volume at which revenues and expenses 
are equal and the business is neither making a profit nor incurring a loss. In cal­
oulating the break-even point care must be taken to separate expenses into those which 
are fixed, independent of the volume of production, and those which vary with 
production. 
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11.0 INVESTMENT ASSESSMENT 

Having analysed the technical and financial feasibility of the sawmill as discussed 
in the foregoing sections of this guide, the final step is to make a judgement based on the 
accumulated information to decide whether or not to proceed with the project. This final 
step involves the judgement of the investor in assessing the estimated costs and benefits 
associated with the project, the adequacy of the projected rate of return in relation to 
other investment opportunities, and the risks in the project. 

In a project requiring financing from various banks, the lending institutions will 
also make an assessment of the project in terms of its credit worthiness. Lenders will 
typically consider suCh elements as the extent of physical security for the loan, pro­
jected repqment ability, and the quality of management. In a large project the lenders 
~ make an independent financial and perhaps even teChnical evaluation of the project in 
order to judge the degree of risk. 

In projects of very large size whiCh have an effect on a large area of the country, the 
Government ~ want to eValuate the coste and benefits to the country. Such other oon­
siderations as foreign exChange costs or saVings, costs of additional infrastructure 
required for the project, and benefits of increased employment may be involved in this level 
of assessment of this proposed inves~ment. 

However, despite the sile of the project and the degree of further analyses and 
evaluations done by agencies other than the original proponent, the ultimate economic 
success of the projeot will depend to a great extent on the objectivity and thoroughness 
applied to the preparation of the initial estimates for markets and revenues, mill design 
and capital cost~ and process inputs and manufacturing costs. 
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INTROllJCTION 

In Part I of this guide the basic principles and procedures involved in the development 
of a small sawmill enterprise have been explained as well as the methods by which the 
financial viability of a project can be assessed. 

It i8 the purpose of Part II of this guide to apply the technical and financial con­
siderations developed in Part I to case studies typical of sawmilling projects in tropical 
regions. Therefore, three cases have been selected to illustrate the principles and pro­
oedures baaed on the three typts of sawmill described in Section 3.1, having oapacities 
ranging from 5,000 to 20,000 m3 per annum in log input. 

While every effort has been made to use representative data for each of the regions 
selected, equipment oosts and local conditions vary considerably from country to country. 
The oost and other data presented in the following cases should, therefore, be regarded as 
only illustrative of the prinCiples and procedures discussed in this guide. The prepara­
tion of feasibility studies for sawmill projects must be based on current costs, duties, 
taxes, etc., applicable to the area under consideration. 

CASE 1. PORTABLE SAWMILL 

Small portable or mobile sawmills that can be easily moved from site to site to be 
oloae to the source of wood have a number of app~ications in developing regions. Among 
example. may be included the use of portable mills to supply the sawnwood requirements of 
a remote oommunity, for utilizing trees felled along the alignment of a road or railway 
development through a forest area or as a first phase in an integrated agro-forestry project 
where a road aystem is being construoted and the indieenous forest is being cleared for 
crops and plantationa. 

In Case 1 the objective will be the supply of sawnwood to a local community situated 
in the eastern region of central India where the main forest types are Moist Peninsular Sal 
and South Indian Tropical Moist Deciduous. The sawmill enterprise would be organized and 
financed by a local businessman. 

Tbe assumptions made in preparing this case are summarized below. 

1.1 law Katerial Characteristios 

DenSity Group 

Beavy Bazodwoods 
Medium Hardwoods 
Light Hardwoods 

Wood DenSity 

Percent~ 
(ks/m3 at 1 N.C.) 

40 
50 
10 

Average DenSity 

800 
600 
450 



Top ¢ Class 

15-20 
20-30 
3D-40 
40-50 
50-60 
60+ 

1.2 Sawlog Production 
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Diameter Distribution 

Log Wtngtha 

Average log length 
Ma.ximum loe 1 ength 

Perc~ntase per j Class_ 
cm 

4m 
6 m 

3 
35 
34 
15 
10 
3 

The logging season in the area under consideration would be from mid-October to mid­
June or approximately 190 days per year on a six-day week. Since the mill would be 
located near the logging area, logs would be skidded direct to the mill by draught animals 
or agricultural tractors. The mill would be moved every three to four months to keep 
skidding distances within economic range of the mill. 

Log lengths would be standardized as far as possible to provide standard sawnwood 
lengths or multiples of the~e lengths. The estimated average delivered log cost would be 
in the order of US S4.70/m and, on the basis of an annual requirement of 5,000 m3 and a 
working year of 190 days, the average volume of logs required per day would be about 27 m3• 

The inventory of logs would not normally exceed a week's input to the sawmill, on 
the assumption that the average daily delivery rate of 27 m3 could be maintained. 

1.3 Sawmill Production 

It has been assumed that the main market for suwnwood would be the builders and 
furniture makers in an adjacent town, as well as the requirements of the farming community 
in the area. 

Assuming an annual log input of 5,000 m3 ub and an average conversion ratio of logs 
to sawnwood of 48 percent, the out turn of possible products is as follows: 

Product 

House and commercial building 
(Roof trusses, doors, window frames 
and shutters, shelving, shop counters) 

Heavy construction timber 
(15 x 15 em to 25 x 25 em) 

Railway sleepers (Shorea robusta) 

Furniture stock 

Percent Volume (m3 /A) 

30 120 

26 620 

14 340 

30 ...JgQ 

100 2,400 
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Every effort should be made to standardize sawnwood sizes to simplify mill production. 
However, some reaaWing would be required to meet specific demands. The production would 
be aold in random lengtbll as far as poaaible, but end triDUDing would be carried out With a 
power saw when necessary. 

SaWDwood would be sold "green" or delivered to a wood yard in the adjacent town where 
it would be piled for air drying. Sawnwood to be air dried should be protected by dipping 
before stacking and the stacks protected by light, portable roofing, for protection from 
both BUD and rain. 

Suoh a wood yard might be equipped with a small circular resaw to reduce larpr 
dimensions to meet speoific ordera. It is assumed that the average road distance from the 
mill to the town would be 50 laD and that sawnwood transport would cost US S 71m3 on a con­
tract basis. 

The aDDUal volume of sawnwood being 2,400 m3 and the number of ~orking days about 190, 
then the averap daily mill production would be in the order of 13 m , or approximately one 
load for a ten-tonne truck. 

1.4 SaNmi11 EqQ1p!!Dt 
The type o~ portable sawmill envisaged for this case has been described in Section 3.0 

and iUu.trated in Plate 1. A typical layout for such a mill is given in Figure 1. 

The ite .. of equipment required for a portable mill are summarized below. 

- Circular saw headrig, Baw diameter 1,200 IIDD with inserted 
teeth to cut lop up to 650 IIDD diameter. 

- Simple but strong log carriage with three sets of 1mees and 
cIampa. 

- Edger with two circular saws of 500 DUD diameter. 

- Power san for log yard and triDUDing. 

- Hand and power tools including grinder for inserted teeth. 

- Die.el power unit of 130 kW for headsaw and edser. 

- Diesel ... lectric set of 2 kW for power tools, lighting, etc. 

The log !nfeed deok would be constructed of poles laid with a slight inclination 
towarda the log carriap to facilitate manual loading. Logs would be delivered as close 
as po.sible to the log infeed and moved into position on the deck, either manually or by 
draught animals. 

Slab., edgings and sawdust would be removed manually. Material aui table for firewood 
could be used by the mill employees and also sold for use in the neighbouring town. Wood 
waste not utilizable as domeBtic ruel should be burned at the mill site. 

1.5 Site PreparatiQD 

Moving the mill to a new site would take two to three days depending on the type of 
mill. 

Since the sawmill would be moved three to four times a year, site preparation would 
only entail seleoting a suitable area of at least one hectare adjacent to the access road. 
The site should have a slope from the log storage area to the mill to facilitate the move­
ment of lop to the infeed deck. 
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The heavy timbers generally used to support a portable mill are levelled on a oleared 
area and the mill machinery installed on the timbers and oarefully levelled and aligned. 

1.6 Buildings 

A roof over a sawmill for protection from rain and/or sun is generally necessary and 
can be easily constructed with poles from the forest with a thatched roof of grasses or 
palm leaves. A small office building could be constructed of wood and mounted on skids, 
so that it could be transported on a truck when moving to a new site. 

Temporary housing constructed from materials available from the forest can be provided 
for the mill personnel. This type of housing and the roof over the mill can generally be 
provided by local villagers at contract rates. 

1.7 Personnel 

The supervisor of the mill operations should have had some sawmilling or closely 
related production experience. He would be responsible for log purchases, mill production 
and sales and would be assisted by two clerks capable of maintaining records and Simple 
bookkeeping and other administrative duties, including sales of sawnwood from a central 
yard in the neighbouring town. 

The key man in sawnwood production would be the sawyer who would also be responsible 
for the maintenanoe of equipment and saw doctoring. This man should have had adequate 
training and experience in the operation of small mills. 

The remaining semi-skilled and unskilled employees would be trained on the job by the 
sawyer. 

The personnel requirements are summarized in the following table: 

Category 

Skilled 
Semi-skilled 
Unskilled 

Overtime at 2C1fc 
Other benefits at 26% 
Food oosts 

Cost per year of 220 days 

!2. 

1 
2 
5 

8 

Operating Staff 

Rate 
Rs/day 

20 
15 
10 

10 

Rs/day 

20 
30 

..2Q 
100 

20 
31.20 
80 

231.20 

Rs 50,864 

Total 
IE I/day 

2.28 
3.42 

..i:19. 
11.40 

2.28 
3.56 

....2.J1 
26.36 

~5,800 



Category 

Supervisory 
Clerical 

Overtime at 2CJ!, 
other benefits at 26% 
Food costs 

Coat per year of 240 days 

-~-

BOD-Op!rating Staff 

1 
2 

3 

Rate 
Hs7TaY 

30 
15 

10 

Total 
Hs/day US I/day 

30 
~ 
60 

12 
18.72 

l~g.72 
Hs 28,973 

3.42 
l:Jg 

6.84 

1.37 
2.13 
~ 
1'3.'7b 

~3,302 

It is a88UDled that a working year would conaist of 190 productive days, 15 days for 
change of mill location and 15 days annual maintenance. 

1.8 ftzumoe ad Economics 

~ased on the preceding description of the portable sawmill, a series of schedules 
are prepared to organize the financial and economic information. These are described 
as follows: 

1.8.1 Cap! tal Cost 

Table I shows a summary of the capital cost estimate for the mill. The detailed 
capital cost of the various mill components is listed in Table 2. 

Table 1 also shows the total investment requirement which is greater than the cost 
of machinery and equip!l8nt, due to certain other items which must be provided for in order 
to begin operatiana. These other items include pre-operational and start-up expenses and 
a provision for working capital. Details of these items are shown in Table 3. 

The need to provide for sufficient working capital in the initial investment require­
ment arises when a business is started. There will be a period of time after production 
starts before revenues are generated from sales of sawnwood. During this time expenses 
have to be paid and operating supplies and raw materials purchased. In this example it 
has been assumed that fUnds to sustain one month's operation would be provided in the 
initial working capital investment. 

1.8.2 Sales Revaaue 

~ased on the product lines described earlier, the sales volume, selling costs and 
net sale8 value are shown in Table 4. It is aB8UDled that the aver~ price of all products 
at the mill will be US S88.00/m3• ~ased on the assumption that 50% of production will be 
transported to a wood yard in the nearest local community, the additional costs of this 
method of sale reduce the overall average net sales value to US S84.25/m3 of total aawn­
wood produoed. 
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1.8.3 Manufacturing Coat. 

The basic manufacturing statistics are shown in Table 5. The information presented 
in this table is shown in terms of the physical units of each item applicable to the 
operation. 

Table 6 shows the unit cost of each of the items listed in Table 5. By combining the 
units consumed (Table 5) with the cost per unit of each item (Table 6), the annual cost of 
each item is determined. In this way the annual manufacturing cost of the portable sawmill 
operation is estimated to 1e US $71,500. A provision for contingencies is included in 
this estimate. 

The manufacturing cost calculated in Table 6 is also expressed as US t29.8l/m3 of total 
sawnwood produced. Table 6 also shows the cost per cubic metre of each of the components 
of manufacturing cost. This breakdown is particularly useful in highlighting the cost 
items which have the largest monetary impact. In this c~e log purchases represent the 
most expensive element of manufacturing cost at US ~9.79/m of sawnwood. Moreover, the 
cost of wood represents 33~' of the totnl manufacturing cost. This is an important factor 
to remember, both when evaluating the economic attractiveness of the project and later when 
the mill is in operation. 

'Ihe second most significant cost element is the cost of diesel fuel. At US f7.63 m3 
of sawnwood the cost of fuel represents a further 26% of the total manufacturing cost. 

1.8.4 Projected Financial aesults 

The projected income statement for ten years of operations is shown in Table 7. The 
information required to prepare this table has been taken from Tables 4 and 6. Although a 
ten-year period is shown for analysis, it is assumed that the operation would continue 
after the tenth year. 

It will be seen that in3the first year of operation production is shown at 2,400 m3 
while sales are only 2,200 m. The difference represents the initial inventory of sawnwood 
products. If the business were terminated at some time in the future, this inventory would 
be sold and, in the final year, sales would then exceed production. 

The deduction from Cross Profit conSisting of Depreciation requires comment. 
DepreCiation is a non-cash charge to operations in each year, which is made to recognize 
the fact that the plant has a life greeter than one year. The annual depreciation expense 
is a way of charging a portion of the capital cost of the plant to operations during a 
period which is estimated to be the useful life of the assets. In the case of the 
portable mill it has been assumed that the mill assets would have a useful life of ten 
years; therefore one tenth of the plant capital investment of US f226,600 is charged to 
operations each year. 

In calculating Income Tax for this example it has been assumed for purposes of 
Simplicity that the straight line depreciation expense discussed above would also appl~ 
for tax purposes. Normally this is not the case as special rules may apply to the calcula­
tion of depreciation expense for income tax purposes. Some of these more complex rules 
will be illustrated in Case 3. 

Having determined the project's net income after taxation, as shown in Table 7, the 
next Btep in the analysis of the financial results of a proposal is to determine the pro­
jected cash flow as illustrated in Table 8. 
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The annual cash receipts consist of net income after taxes, plus the non-cash expense 
of depreciation. As shown in Table 8, the mill operations _e expected to provide a cash 
flow of US 171,300 per year. 

Sinoe capital equipment wears out, gets damaged and requires periodic replacement in 
order to maintain continuity of operations, some of the cash received has to be reinvested. 
An amount of US '3,000 per year has been assumed in this case. 

The net cash generated from operations, shown in Table 8 as US '68,300 per year, is, 
therefore, the annual benefit of the investment in this business. 

1.8.5 Profitability ADa1l!i8 

As indicated in Part I of this guide, several methods are appropriate for the analysis 
of small sawmill investments. 

The Gross Return on Total Investment is calculated as: 

Net Sales Revenue - Manufacturing Cost, 
Total Capital Investment 

and from Tables 1 and 1 the figures for a typical year are: 

$202,200 - 71,500 5~ 
235,200 

The Net Return on Equity Investment is calculated as: 

Net Profit after Taxation 
Equity Investment 

Since in this case all the investment is assumed to be equity, the Net Return on Equity 
Investment is the same as Net Return on Total Investment, which is: 

S 48,600 
235,200 • 21% 

The Interest Coverage Ratio and Debit Service Ratio would not apply in this case, 
sinoe there is no long-term debt on which annual interest charges must be paid. 

The P~back Period in this case is calculated below. It is the number of years 
required to pay back the initial capital expenditure by relating the net cash generated to 
the original cash investment in the project. In this case the original investment of 
US 1235,200 would be recovered as follows: 

!!!!:£ 
Net Cash Cumulati ve 
Generated CasE Oenerated 

(US f) (us I) 

1 60,750 60,750 
2 68,300 129,050 
3 68,300 191,350 
4 68,300 265,650 
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As indicated, the initial investment is recovered somewhere between Year 3 and Year 4, 
or more precisely in 3.6 years. In totnJ., over ten years the project \'Sould generate net 
cash amounting to US $675,250 Or 2.9 times the initial investment. . 

Project evaluation using more complex methods will be illustrated in Case 3. 

1.8.6 Sensitivity Analysis 

All projects are subject to varying degrees of risk because it is not possible to 
predict the future with certainty. In evaluating ca.pi tal investments it is orten useful 
to perform a sensi ti vi ty analysis on certain key variables in order to determine how much 
the prori tabili ty of the project would be affected by changes in the variables. 

One of the most fundamental calculations often performed in sensi ti vi ty analysis is 
the determination of the break-even point. This is the production or sales volume at 
which expenses and revenues are equnJ.. As illustrated in '3he calculation shown in 
Table 9, the break-even sales volume is approxima.tely 417 m of sawnwood per year. This 
is only 17 percent of the projected volume indicating very considerable flexibility in 
outptlt. 

Changes in key variables should also be evaluated. For example, it was pointed 
out earlier that wood represents 33 percent of the manufacturing cost. If the cost of 
logs were to increase by 10 percent, grOBS profit would decrease by apprOximately 3 per­
cent. If both logs and fuel increased by 10 percent, gross profit would decline by 
about 5 percent. 

The effects of changes in the key variables, Net Sales Revenue, Manufacturing Cost 
and Investment are shown in Table 10. 
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Table 1 

Summary of' Ca.pt tal. Cost Estimate 

Site and Structures 
Imported machinery and spares, CIF entry port 
Import duties and charges 
Local. handling and delivery to site 
Equipment assembly 

Total assembled equipment 

Ancillar.y equipment 
Construction overhead 
Engineering 
Contingenoies 

Total plant investment 

Total plant capt tal 
Working capt tal 

Total Investment Requirement 

Pre-operational and start-up expenses 

Total investment requirement 

* Site, structures, equipment assembly and construction overhead 
not applicable to plant capt tal due to portable nature of' mill. 

Table 2 

Detailed Capital Equipment Estimate 

Imported Machinety 

Mobile sawmill 
Edger 
Diesel power unit, 130 kH 
Diesel electric generator, 2 kl'; 
Workshop equipnent and tools 
Power saws (two) 

Spare parts at 10% 
Shipping at 12% 

Total imported machinery and spares 

Import duties and charges applioable at rate of' 40% 
Ancillar;,y Equipnent (assumed to be of' local manuf'acture) Pick-up Truo1c 

Cost 
(Us""'!) 

Nil * 
143,100 

51,200 
300 

Nil * 
200,600 

6,000 
Nil * 

10,000 
10,000 

226,600 

226,600 
8,000 

600 

235,200 

Cost 
~) 

65,200 
24,300 
21,100 
1,500 
2,500 
1,000 

116,200 

11,600 
15,300 

143,100 



Working Capital 

Logs 
Fuel 
Lubricants 
Labour 
Supplies 

- ';1') -

Table 3 

Detailed Investment Requirement 

1 months 
1 months 
1 months 
1 months 
1 months 

supply, ~26 m3 at ~~4. 70/m3 
supply, 3,200 1 at ~;0.80/1 
Buppl;y, 40 1 nt ~3.20/1 
"/ages, S40.l2/day 

Site Preparation 
Cash Reserve 

and Temporary Th],ildings, reserve for 1 set-up 

Total Working Ca,pi tal 

Pre-operationa1 and Start-up Expense 

Normal mill staff for 3 weeks 

Table 4 
Projected Sales Volume and Net Sales Value 

Sales Volume 

US$ 

2,500 
2,600 

130 
800 
820 
150 

1,000 

8.000 

600 = 

Product Volume Unit Price Annual GrOBS 
Sales Revenue 

(m3/year) (US 8/m3 ) (US I) 

Sawnwood for buildings 120 108 11,900 
Heavy construction timber 620 45 21,900 
Railway sleepers 340 81 21,500 
Furniture stock 1 20 108 71,900 

Totals 2.400 88.00 211,200 

Sellins: Costs 

Applies to 5ax· of production volume transported to local woodyard: 

~ Unit Cost Annual Cost 
(US S) 

Transportation US S/m3 7.00 8,400 
Woodyard rental US ~~/yeo:r 6.00 600 

Total Selling Cost 9,0<22 

Average Net Sales Value USs US $/m3 

Annual gross sales revenue 211,200 88.00 
Less: Selling costs 2. 00,? 3.75 

Net Sales Revenue 202.200 

Average Net Sales Value 84.2~ 
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Table 5 
Manufacturing Statistics and Cost Estimates 

Sawnwood sales 

Log purchases 

Site preparation 

Temporary buildings 

Transport of' mill 

Diesel fuel 

Lubricants 

Pick-up truck 

- Contract labour 

- Contract labour 
- Sawmill roof' 
- HOUSing 

- Contract 

- Mill 

Labour - Mill operations 
- Supervisory and clerical 

Annual Operating Period - Mill machinery 
Operations 

Item 
(UST) 

Log purchases 

Site preparation 

Temporary buildings 

Transport of' mill 

lDiesel fuel 

Lubricants 

Pick-up truck operation 

Labour - Operations 
~ Supervisory and clerical 

Maintenance supplies 

Contingencies 

Total Manufacturing Cost 

- Supervisory and olerioal 

Table 6 

Manufacturing Cost Estimate 

Unit Rate 
(US tJm3) 

4.10/ m310gs 

1.14/man-day 

1. 14/man-dn.y 

300/move 

.bO/litre 

3.20/li tre 

0.25/km 

26. 36/dny 
13. 16/d.ay 

2.00/m31ogs 

* Unit Cost expressed in US t./m3 of' sawnwood produced. 

Y!!.li 

m3/year 

m3/year 

man-daye/year 

man-days/year 
man-days/year 

moves/year 

li tree/hour 

litrea/day 

kln/day 

men 
men 

days 
days 
day.!! 

Unit Cost* 
(US t.) 

9.79 

0.15 

0.10 

0.50 

7.63 

.29 

2.50 

2.42 
1.38 

4.17 

~ 
29.81 

Amount 

2,400 

5,000 

320 

60 
140 

4 

13 

1 

100 

8 
3 

190 
220 
240 

Annual Cost 

23,500 

370 

230 

1,200 

18,300 

700 

6,000 

5,800 
3,300 

10,000 

2.100 

Z1.~00 
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Table 9 

Calculation o~ Break-even Point 

Net Sales Revenue at Break-even point - Variable Manu~aoturing Costs plus ~ixed costs 

Net Sales Revenue 

Variable Costs 

Fixed Costs 

Then 
(84.25)S 

- Net Sales Value x Break-even Sales Volumes 
US 184.25:x "S" 

Manu~acturing Costs x Break-even Production Volume 
US S 29.f.ll x "S" 

Depreciation 
If) :$ 22,700 

(29.81)5 + 22,700 

. s - 22,700 417m3 per year {84.25 - 29.81 • 

Break-even Sales/Production Volume is 417 m3 o~ sawnwood per year. 

Table 10 

Sensitivitl o~ ROI to changes in Key Variables 

Net Return 
Variable on Investment* 

Base case 21% 

Net Salea Revenue 

+ 1 Of. 23% 

-lay.: 17%. 

Manu~aoturi~Cost 

+1C1J.' 19% 

- 10%· 2~ 

Total Investment 

+la% 18% 

-lay.: 23'f.-

The sensitivity analysis indicates that this project is not particularly 
sensitive to changes in the key variables. The break-even analysis also 
indicated that the project had a wide range o~ pro~itability. 

* Net Return on Investment - Net Income ~ter Taxation divided by 
Total Investment. 
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CASE 2. SJIALL PDUIABDJT MILL 

The establishment of a small, permanent sawmill would be feasible where a local demand 
for sawnwood already exists or could be developed and a reliable supply of logs can be main­
tained. As in the case of the portable mill, the permanent mill might be the first stage 
in the develo,ment of a bigger mill in which case the initial planning and layout should 
provide for expanSion and additions when market conditions justify such a course. 

This caee is based on a sawmill located close to town in the Indonesian,/Malayaian region 
utilizing timber from Mixed Dipterocarp Hill Forests. It is assumed that the sawmill enter­
priae would be privately owned and operated by an experienced sawmill manager. 

2.1 ~ llaterial Characteristios 

2.2 SaIflOC Produotion 

Average Wood Density - 610 kg/m3 
Rangs of Wood rensity - 400 - 800 kg/m3 

Diameter Distribution 

Diameter Class 
(em) 

45 - 60 
60 - 90 
90 -120 

122+ 

Percentage per Class 

23 
45 
21 
5 

Log Lengths 

Average log length 5 m 
Maximum log length 8 m 

Due to high rainfall and the generally hilly conditions in the forest, logging would be 
restricted to a period of 8 to 9 months from March to November-December. Sufficient logs 
would be stored at the sawmill at the end of the logging season to keep the mill in operation 
for three months. Hence, the sawmill would be in operation for eleven months each year, 
with annual maintenance and overhaul of the equipment being carried out during the remaining 
month. 

Sinoe extended log storage is necessary in this case, it i8 proposed that a log pond be 
used in order to keep log degl"ade to a minimum. 

It is envisaged that oontractors would deliver sawlogs to the sawmill in standar~zed 
lengths or in multiples thereof and that the average delivered cost would be US S14/m • 

2.3 88N1dl1 Prodnotion 

The assumption in this oase is that the prinCipal markets would be retailera, builders 
and furniture workshops in neighbouring towns as well as the farming oommunity. 

Assuming an annual log input of 10,000 m3 ub and an average oonversion ratio of logs to 
aawnwood of 50 percent, the distribution of products could be as follows: 



Market 

Retailers 
Builders 
Furni ture stock 
Agricultural construction 
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Percent 

20 
50 
20 
10 

100 

Volume 
(m3) 

1,000 
2,500 
1,000 
--2QQ 

5,000 

The type of sawmill proposed in this case would be sui table for cutting flooring and 
siding as well as the smaller sizes required for interior trim in building construction. 
Typioal produot classes and prices are listed below: 

2.4 Sales Volume 

Sawnwood for buildings 
Heavy construction timber 
Furniture stock 

Volume 

m3 

3,500 
500 

1,000 

5,000 

Unit Price 

US $/m3 

116 
56 

n6 

110 

Annual Gross 
Sales Revenue 

US $ 

406,000 
28,000 

116,000 

550 ,000 

It is assumed that 40 percent of the mill production would be air dried for six to 
eight weeks and the remainder sold "green". 

Assuming an annual production of 5,000 m3 of sawnwood3and 240 productive days per year, 
the average daily production would be in the order of 21 m-. 

A typical layout for a small permanent mill is shown in Figure 2 and in Pla.te 2. 
A description of the mill is given in Section 3.0 of this guide and the main items of 
equipment required are listed below: 

Jack ladder 
Log infeed deck 
Headsaw - circular 1,500 mm ¢ + top saw 1,000 mm ¢ 
Log carriage 
Headrig ro11case and transfer tables 
Edger - manually set with 2 saws 
Mountain type trimmer - 2 saW$ 
Single swing crosscut saw 
Green chain 
Power saws (2) 
Hand and power tools, etc. 
Diesel-e1ectric power unit - 150 kW 
Pick-up truck 
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2.6 Kill Site Requirements 

The factors to be oonsidered in seleoting a site for a sawmill are listed in 3.2.1 
on page 21. It is assumed in this oase study that the mill would be located close to a 
town since suoh a location facilitates building up a stable labour force and the cost of 
hOUSing and amenities can generally be eliminated. 

The site would be ohosen to make use of topography and the natural drainage system for 
the oonstruction of a log pond. This method of storage is neoessBl'Y to reduoe degrade of 
the three months supply of logs to a minimum. Since a proportion of the logs would not 
float, a winch would be installed alongside the jack ladder to haul them from the pond. 

It is assumed that 40 percent of the mill produotion would be stacked for air drying 
for a period of about eight weeks. The stacks would be proteoted ini tia11y by means of 
portable roof units whioh could be replaced at a later stage by a permanent roof over the 
drying area. (See Seotion 3.6.) 

The total s1te area required for the sawmilling projeot is estimated as follows: 

2.7 Site Area 

2.7.1 Log Pond Area 

Assumptions: in pond 3,000 m3, di vided over 3 speoies 

Average log diameter: 750 mm, log to water ratio: 75%· 

3,000 m3 3 
3 - 1,000 m. Log inventory of 1 species -

Water surface occupied by floating logs is: 

1 000 m3 + 2 
4(0.+50 ) x 0.15 - - 2,265 m . 

Total water area required, allowing for ciroulation and boat ways,is from 1.25 to 
twice the above caloulated log area. For this oase, assume 1.6 as the faotor. 

3 2 + 2 2 Log pond area required for 1,000 m - 1.6 x 2,265 m - - 3,625 m , say 3,600 m • 

For a ~ speoies sort at 1,000 m3 ~aoh a log pond will be required of approximately 
3 x 3,600 m - 10,800 m2, say 11,000 m • 

2.7.2 .&1r Drying YIIZ'd Area 

Assumptions: 4CJt of produotion air dried for 8 weeks 
60% o~ production air dried ~or 3 weeks 
100 m of logs ~oduce 50 m of lumber 
stacks contain - 20 m3 (SWE) of lumber (5m x 2m x 2m) 
average stack length is 5 m 
average stack denSity is ± -
roadways of 10 m between stacks and 10 m wide 

roads at sides and ends. 
3 speoies sort. 
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Lumber volume production during 8 weeks is: 

101000 X 2 .....29- + 833 m3• 48 x 
100 

4ot· of this production to be air dried for 8 weeks is 

...iQ. x 833 m3 .. + 333 m3 
100 . 

Assuming 3 species sort in equal quantities is: 

Stack area is: 

~3 + 3 
3 m - 111 m per species. 

III m3 2 7""--:--:--:--:-='~~r--::--.:-:- = ! 69 m • 2 m height x O.B dens1ty 

Area of air drying yard, including roadways and circulation, ranges from 5 to 7 times 
the stack area, on average 6 times: therefore, area required for 1 species is: 

6 X 69 m2 _ ! 416 m2 , say 400 m2 

2 
Area required for 3 species is 3 x 400 m 

2 1,200 m • 

For the portion of sawnwood requiring 3 \·reeks air drying, the following area is needed: 

Lumber volume production durine 3 ~leeks is: 

10,000 x 3 -2Q + 312 m3• 
48 x 100 

60% of this production to be air dried for 3 weeks is: 

60 x 312 m3 .. ! 188 m3• 'iOO' 
Assuming a 3 species sort in equal qnanti ties is: 

188 m3 3 - _ ! 62 m per species. 
3 

Stack area is: 

62 m3 + 2 
2 m height x O.~ density - - 39 m 

Area of air drying yard is, B.S above, 6 times the stack area: 
required for 1 species is: 

2 + 2 2 
6 x 39 m - - 234 m , say 230 m • 

therefore, area 

2 2 2 
Area required for 3 species is 3 x 230 m - 690 m , say 700 III • 

The total l'.rea required for air drying is thus: 

2 2 + 2 2 
1,200 m + 700 m - - 1,900 m , say 2,000 m. 
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The total site area requirement for Case 2 can be summarized as follows: 

2.8 Ba.ildirJgII 

a) Log pond 
Air drying yard 
Buildings 
Unloading area, waste storage, etc. 

2 
11,000 m2 

2,000 m2 
1,200 m2 
2,000 m 

2 
16,200 m 

It is assumed that the sawmill building would be constructed of timber with metal 
roofing, wood flooring and the equipment mounted on concrete foundations. Walls would 
only be installed where protection from heavy r~in or high winds is required. The 
floor area of the mill is approximately 1,000 m • 

An office and stores would be constructed of timber with a metal roof, the foundations 
being brick pillars capped with termite barrie~s to keep the structure clear of the ground. 
The area of this building would be about 200 m • 

Open sheds for sawnwood drying (! 200 m2) could be added, for example, in the fourth 
78ar of the mill operation. 

A fence around the perimeter of the 8i te would be required to prevent unauthori zed 
persons, cattl~ etc., entering the mill area. The total length of this fence would be 
approximately 600 m. 

2.9 Personnel 

For the management of the type of sawmill considered in the present case broad 
experience would be required in sawmill operations, log purchasing and sawnwood marketing. 
The manager would have an administrative staff of three, one of whom would have sufficient 
bookkeeping experience to be able to maintain the mill accounts with the supervision of 
the manager. 

Mill operations would be directed b,y the saw,yer, and saw and mill maintenance carried 
out b,y a mechanic. Both of these men must have had adequate practical experience in their 
respective fiolds and would probably have to be brought in from more developed centres in 
the country. Alternatively, local men with appropriate technical skills might be sent to 
sawmilling training centres or to industry as soon as a decision has been reached to build 
a mill. 

Nine men in addition to the sawyer would be required on the mill floor, two men at the 
log pond and a further two men to move sawnwood to the drying yard on simple rubber tyred 
carts and to stack it for drying. The sawyer would be responsible for the training on-the.· 
job of the workforce. 

A watchman would be necessary for the security of the plant during non-operating hours. 

Any additional work roquired at the mill could be provided through overtime or b,y the 
employment of casual labour. 
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~~e personnel requirements are summarized in the following table: 

Category 

Skilled 
Mechanic 
Semi-skilled 
Unskilled 

Overtime at 2r:1fo 
Other benefits at 26~ 

Cost per month 

No. 

1 
1 
3 

11 

Operating Stafr 

Rate 
13 I7mcmth 

853 
853 
533 
320 

Assuming 12 months work per annum: 

Category 

Management 
Clerical 
Watchman 

Overtime at 2r:1fo 
Other benefits at 26% 

!!2. 

1 
3 
1 

Non-Operating Staff 

Rate 
B a/month 

1,000 
426 
350 

Assuming 12 months work per annum: 

B 

B 

Total 
B Sfmonth US S/month 

853 461 
853 461 

1,599 863 
~ .L.2Q! 
6,825 3,686 

1,365 131 
Wll --22§. 

9,964 5,381 

$119,568 US ~64,572 

Total. 
B i/month US a/month 

1,000 540 
1,218 690 
--l2.Q ~ 
2,628 1,419 

526 284 
~ ~ 
3,831 2,072 

!'i46,044 US ~24,864 

N.B. It is assumed that a working year would consist of 220 ~s, plus 20 ~s 
for annual maintenance. 

2.10 Finanoe and Eoonomics 

As for Case 1 a series of schedules have been prepared to organize the finanoial 
information. These are as follows: 

2.10.1 Capital Cost 

A summar,y of the oapital cost estimate for the sawmill is shown in Table 1, along 
wi th the total. investment requirement. The detailed capital. equipment estimate is shown 
in Table 2. 

The total investment requirement totals US 11,827,000, oomprised of US 81,646,000 for 
the physioa1 plant of the sawmill, US $104,000 for permanent working capital and 
US S11,ooo for pre-operational and start-up costs. 
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The components of permanent working capital are summarized in Table 3, with details in 
Table 4. This mill has a substantial working capital requirement because of the need to 
stock-pile three months supply of logs during the rai~ season and because of the drying 
time of the produots. Approximately the entire mill production for one month is drying at 
any time. 

Pre-operational and start-up expenses are shown in Table 3. These expenses assume 
that the full mill personnel complement would be emplqyed for six months prior to full 
operation commenoing. During this time the personnel would be fully trained in operation 
and maintenance of the facilities. It has also been assumed that for two months of the 
start-up period, sawnwood would be produoed at 25% of capacity as part of the training for 
operation. All these oosts have been capitalized, that is, included in the capital cost 
of the mill. 

2.10.2 Sales Bevanne 

The projected sales volumes and net sales value is shown in Table 5. The net sales 
value of US 1108.92 is slightly lower than the average gross selling price due to the 5% 
discount of the 1,000 m3 per annum sold to retailers. 

2.10.3 Manufacturing Costs 

The basic manufacturing statistics are shown in Table 6 and the manufacturing cost 
estimate is shown in Table 7. 

Based on the various manufacturing inputs, the ~it oost to produce sawnwood is 
US 163.76 per cubic metre at full capacity of 5,000 m IA. 

The largest single cost component is the co~t of logs at US $28.00 per m3 of sawnwood 
produoed. The total labour cost of US i16.41/m is the next major oost. Together logs 
and labour aooount for 7CJ1. of the total manufacturing cost. 

2.10.4 Projected Financial Results 

The information developed in the preceding tables is combined in Table 8 to create a 
projeoted income statement. Certain assumptions are reflected in this statement: 

a) A mill life of 15 years for evaluation purposes but also assuming 
operations continue beyond year 15. 

b} Production at capacity beginning in Year 1. This should be pOssible 
considering the fairly extensive start-up period discussed earlier. 

o} Salea in Year 1 of 4,500 m3 reflect accumulation of the inventory of 
sawnwood in the air dr,ying stage. 

d} Depreciation and amortization are taken as straight-line over 15 years. 

e) Income taxes have been based on straight-line depreCiation and amortization 
and do not reflect any provisions for accelerated depreciation or investment 
inoentives. 

The projected cash flow statement is shown in Table 9. '!'be int tial oash expenditures 
conSisting of Plant Capital, Working Capital and Pre-operational and Start-up Expenses are 
shown in Year 0. 



- 107 -

For each of the 15 operating years the cash flow from operations consists of the net 
inoome after tax, plus the non-cash charges of depreciation and amortization. 

A provision has been made for reinvestment in plant facilities to maintain productive 
capaoi ty. This provision amounts to approximately 'Z'/o of the original cost of equipment or 
US $21,000 per year. Such reinvestment is in addition to normal maintenance and covers 
such things as periodic replacement of motors and other installed equipment, vehicles, and 
major repairs or replacements of a capital nature. 

2.10.5 Profitability AnalysiS 

Table 10 includes several measures of profitability for the proposed sawmill. 

The total break-even point has been calculated to be 2,856 m3/A, or 51% of oapaoity. 
This means that revenues WQuld equal all expenses (including depreciation and amortization) 
if sales were only 2,856 mJ/A. There would, of course, be no profit or any loss at this 
level of sales. 

Considering only cash expense~, the cash break-even point has been calculated to occur 
at an annual salcs volume of 587 m , or l~ of capacity. This means that sales of only 
587 m3 per year would provide sufficient cash to exactly meet annual oash expenses. It has 
been assumed that supervisory and clerical labour and office supplies are the only fixed 
annual cash expenses and that all other manufacturing costs are directly variable with sales 
or produotion volume. 

The break-even pOint,and particularly the low cash break-even point, indicate that the 
mill has a fairly high degree of flexibility in regard to sales volume. 

The Gross Return on Total Investment, calculated as average annual gross profit divided 
by total investment, is l~. This is not a high rate of return for this type of operation. 
However, as discuased earlier, the return is somewhat lower than would typically prevail in 
projects of this sort, since no provisions for acoelerated depreciation or investment 
inoentives have been included. 

The Net Return on Equity Investment, calculated as Net Income After Tax divided by 
Total Equity Investment, is only 2%. This is a very low return and would not normally be 
sufficient to interest an entr~preneur. In this case the net return on equity is low for 
several reasons. The absenoe of incentives which reduce income taxes has reduced net 
inoome. Furthermore, the project has b~en assumed to be financed entirely by equity funds. 
Were debt financing involved, the equity investment would be smaller and the return on equity 
would be greater. 

The Caoh P~back Period representing the time required for the net cash flow to equal 
the original investment has been calculated to be 11.9 years. If the net cash flow were 
greater because of Government incentives which reduce income taxes, for example, the p~­
back period would, of course, be reduced. 

Sensitivity to changes in key variables on the return on investment measured by the 
Gross Return on Total Investment is shown below: 



Variable 

Base Case Base Case 

Net Sales Revenue 

+ 10% 
-10% 

Manufacturing Cost 

+ 1ODfo 

-1~ 

Total Investment 

+ 10% 
-10% 

Combination of: 
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Net Sales 

+ 10% 
+10% 

-10% 

Revenue and Manufacturing Cost 

-10% 

-1ef}, 

... 10% 
- 1C1'~ 

+ 1CJ1, 

Gross Return on 
Total InvestmeIJt 

12% 

As the foregoing sensitivity analysis indicates, the elements with the greatest effect 
on return on investment are Net Sales Ilevenue Illld Manufacturine Cost. An increase of 10% 
in Net Sales Revenue could increase the return on investment to 15%. If the Net Sales 
Revenue could be increased by 10% at the same time as Manufacturing Cost is reduced by 10%, 
the return on investment would improve from 12% to 17%. 
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Table 1 - Summary Gapi tal Cost Estimate 

Description 

Site preparation and site works 

Structures 

Imported machinery and equi pnent 

Import taxes and customs charges 

Ancil1 ary equi PIlent 

Total direct cost 

Construction overhead 

20% of equi pnent 

Engineering 

4% of 'l'otal. 

Contingencies 

&/0 of Total. 

Total. plant capital. 

Total. plant capital. 

Horking capital 

Pre-operational and start--up expense 

Total. investment recrttirement 

Labour Material. 
(US ~) 

37,100 185,300 

123,200 843,000 

8.000 

160,300 1,036,300 

~ 

60,000 

222,400 

966,200 

75,~0 

8.000 

1,332,500 

160,200 

53,300 

100.000 

1,646,000 

1,646,000 

104,000 

77,000 

1,827,000 
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_-----------------------.. -----------------1 

Table 2 - Detailed Capital Equipnent Estimate 

Imported Materials and msutpment 

Log j aak ladder 

Long infeed deck 

Circular saw headrig 

Log oarriage and set works 

Edger and manual set works 

Two saw triumer and lug chains 

Swing cross cut saw 

Headrig outfeed roll case 

Transfer table to edger 

Edger infeed and outfeed 

Transfer table to trimmer 

Sorting green chain 

Bad log outfeed skids 

Cost holding skids 

Sawdust conveyor 

Diesel. electrio generator, 150 kvl 

DLesa electric generator, 15 kH 

Electrical power, lighting and control wirine 

Materials and equipnent to be installed 

Workshop equipment and tools 

Power saws 

Spare parts at 10% 
Shipping at 12% 

Total imported machinery and equipnent 

Cost 
(us 3) 

10,600 

10,600 

14,200 

60,200 

39,000 
21,200 

7,100 

17,700 
5,700 

14,200 

10,600 

49,600 

3,500 

3,500 

15,600 

120,400 

35,400 

177,100 

616,200 

63,800 

4,200 

68,000 

68,400 

9;>,400 
843,000 
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Table 3 - Detailed Investment Requirement 

Working Capital 

Loga 

Sawnwood 

Supplies and fuel 

Total inventories 

3 months supply 

average 386 m3 air drying at any time 

1 months supply 

Accounts receivable 1 months sales 

Cash reserve 

Total Current Assets 

Accounts ~able 1 month 

Total Working Capital Requiremen t 

Pre-operationaJ. and Start-up Expenae 

Assume personnel training for 6 months including 
mill operation at the equivalent of 2r:t/o capacity 
for 2 months during training und running-in: 

Labour 6 months 

Running-in and training at 25% for 2 months: 

Logs 

Operating expenses (exc!udine labour) 
at $1ge35/m3 x 682 m3 sawnwood 

Total Pre~perationaJ. and Start-up J<-;Xpense 

~ 

.38,200 

36,100 

6,9::>0 

19,100 

13,200 

81,200 

45,400 
5,000 

131,600 

27,600 

104,000 

44,700 

32,300 

77,000 



* 
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Table 4 - Cal.culation of' Permanent Working Capital* 

Quantity 

Logs: 3 months supply 

- li x 10,000 .. 2,730 m3 

Sawnwood: a) 40% dried for 8 weeks: 

Monthly production 
3 

5,000 m 454 3 
- 11 .. m 

Volume to be dried 

~ 40% of' 454 ~ 182 m3/month 
Volume drying ~or 8 weeks 

- 182 x 2 - 364 m3 

b) 60% dried for 3 weeks: 

Volume to be dried 

Uni t Value 
(US S/uni'tJ 

- 60% of 454 x ~ = 204 m3 

Volume drying for 3 weeks - 204 m3 63.76/m3 

Supplies and 
Fuel: 1 month 

Acoounts 
Reoeivable: 1 months sales at full oapacity 

Aooounts 
Pa,yable: 

Logs: 

Fuel: 

Supplies: 

Truclc 

Labour 
1 week 

5,000 m3/A - 4l. 7 m3 
- 12 

1 month at full oapacity 

$lf,OOO/A _ 
months 

t 35,3OO!A 
11 

(See above) 

t 3,200 
12 

$ 89,500 
52 

Total Acoounts Pa;y-able 

See Tab1.s 5 and 6 ~or details o~ Manu~aoturing Cost Estimates 

Tot al Value 
(US $) 

38,200 

23,200 

13,000 

6,500 

45,400 

3,200 

300 

1,700 

27,600 
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Table 5 - Projected Sales Volume and Net Sales Value 

SALES VOLUME 

Product 

Sawnwood for buildings 

Heavy oonstruction timber 

Fumi ture stock 

"otala 

SlCLLING COm'S 

Vole 

(m3) 

3,500 

500 
1,000 

5,000 

Unit Price Annual Gross 

(US S/m3) 
SBI:es Revemll 

(US I) 

116 406,000 

56 28,000 
116 116,000 

110 550 ,000 === 

~ of the annual sawnwood production is sold to retailers at a disoount of ~. 
This disoount is calculated as follows: 

Assume that the 5% disoount applies to 815 m3 of lumber for buildings and 
f'Ilmiture stock and to 125 m3 of hea.vy oonstruotion timbers. 

Disoount per m3 of sawnwood for buildings • 5% of $116 • 35.80 
Disoount per m3 of heavy construotion timbers .. 5% of $56 • $2.80. 

Total Retailer disoount: 

On sawnwood for builders: 

On hea.vy construction timbers: 

Total Diloount 

1m' SALES VALUE 

Annual gross revenue 

Less: Retailer disoount 

Net Sales Revenue 

Average Net Sales Value 

815 x :35.80 .. 

125 x $2.80 • 

550,000 

5.425 
224.514 

100.00 

1.08 

108. -
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Table 6 - Manu~acturing Statistics and Cost Estimates 

Item -
Log purchases 

Sawnwood sales 

FUel 

Lubricants 

Maintenance supPlies 

Pick-up truck 

Labour - Mill operations 

- Supervisory and clerical 

Annual. operating period - Mill machinery 

- Mill maintenance 

Total Working D~s 

Averaae monthly production 

(5,000 m3 / A produced in 11 months) 

l!!E-.i 

m3/year 

m3/year 

1 it res/hour 

litres/da:y 

t/m3 log input 

lon/day 

men 

men 

d~s 

d~ 

m3/montb 

Amount 

10,000 

5,000 

15 

1 

4 

50 

16 

5 

220 

20 

240 

454 



Table 7 - M.anufacturing Cost Estimate 

Item Unit Rate Unit Cost* Annual Cost - (US :: ) (US S7m3) (US §) 

Log purchases 14.00/m3 loes 28.00 140,000 

Fuel .80/litre 6.~ 34,500 

Lubricants 3.20/litre .15 800 

Mointenance supplies 4.00/m3 logs 8.00 40,000 

Pick-up truck • 25/km .30 3,200 

Labour - Operations 5,3Bl/month 11.85 64,600 

- SupeT".risory and 
2,072/month clerical 4.56 24,9)0 

Office supPlies and other 400/month .88 4,800 

Contingency, 5% 3.12 12,600 

Total Manufacturing Cost 63,.16 328. 

* Unit Cost express~d in US $ per cubic metre of salrmwood produced based on 
producing 5,000 m3 in 11 months of mill operation. 
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Table 8 - Projected Income Statement 

Operating Year 

L 5-1~ 

Produotion (m3) 5,000 5,000 5,000 5,000 5,000 5,000 
Sales (m3) 4,500 5,000 5,000 5,000 5.000 5,000 

Average Net Sales Value 
(US $/m3) 108.92 108.92 108.92 108.92 108.92 108.92 

Net Sales Revenue 4~,100 544,600 544,600 544,600 544,600 544,600 
Manufacturing Costs 328 d.QQ 328 dQO ~28dQQ 3281~ 3281~ ~281~ 

Gross Profit 161,700 216,200 216,200 216,200 216,200 216,200 

Less: Depreoiation * 109,700 109,700 109,700 109,700 109,700 109,700 

Amortization ** 2.100 2.100 ~II00 21100 21100 21100 

Income before Tax 46,~ 101,400 101,400 101,400 101,400 101,400 

Less: Inoome Tax a.t 45%*** 21.100 ~1600 ~21600 ~~16oo ~216OO ~216oo 
Net Income after 'fu 251800 55.800 52.800 55.800 ~800 j5,~ 

-*I>e1ireciatlori-has been taken for both book and tax IUrposes on a 15-year straight-line 
basis. 

** Amortization of pre-operational and start-up expenses has been taken over 15 years. 

*** No investment incentives are included in the calculation of inoome taxes. 
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Table 9 - Projected Cash Flo\-1 Sta.tement 

Operating Year 

° 1 2 3 4 5-14 15 

Cash Recei1!!:s 

Net Inoome af'ter Tax 25,800 55,800 55,800 55,800 55,800 55,800 

Add: Non-Cash Cha.rges - 114,800 114.800 114.800 114.800 114.800 114,800 -
Cash Flow from 
Operations 140,600 170,600 170,600 170,600 170,600 110,600 

Cash Exl!ndi tures 

Plant Capital 1,646,000 

Working Capital 104,000 

Pre-operating Expense 77,000 

Reinvestment 27.000 21.000 211000 211000 21.000 21.000 

Cash Expenditures 1.821.°00 211000 211000 211000 21.000 21. 000 21.000 

Net Cash Flow (1.8211000 ) 1131600 1~13.600 1~~1600 1~13.600 143.600 143.600 
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'l'ab1e 10 - Financial Perf'ormance Indicators 

1. BREAK-EVEN FOIm' 

Assume Wet Sales Revenue at Break-even point equals Variable manufacturing coets plus 
fixed costs and that certain costs depend entirely on the volume of' sales. 

Variable Coste: 

Logs 

Fuel and 1 ubri cant e 

Maintenance euppl ies 

Pick-up truck 

Operat ing 1 abour 

Contingency 

Total Variable Costs 

Fixed Coets: 

Supervisory and clerical labour 

Office supplies 

Depreciation and amortization 
Total Fixed Costa 

Wet Sales Value US SlOS.92/m3 

Break-even Point: 

Unit Cost 

tUS $/m3) 

28.00 

7.05 
8.00 

.30 

11.85 

...lili 
58.32 

Annual Cost 

(US $) 

24,9:)0 

4,800 

114.800 

(108.92 x (Salea at Break-even) - 1144,500 + (58.32) x (Sales at Break-even) 

Sal es at Break-even - 2,856 m3/A 
or 57% of Capacity 

Cash Break-even Point is the sales volume required to exactly match cash receipts and 
cash expenditures. Non-cash charges are deducted from Total Fixed Costs: 

Cash Break-even Point - $29.700 
~5O.60/m3 

2. <moSS Rl!JlIURR' OR' ror AI. IRVESl'XDl' 

587 m3/A 
or 12% of' Capacity. 

For a typical year, i.e. any year after Year 1, the Gross Return on Total Investment 
is, from Tables 8 and 9, as follows: 

Oro •• Profit 
Total Investment 

$216.200 • l~ 

~1,827,OOO 
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3. NEl' RErURN ON EQUrry INVESl'MENT 

For a typical year the Net Return on Equity Investment is as follows: 

Net Income after Tax 

Total Equity Investment 

4. CA!il P.lI:BACK PERIOD 

• 
$45,600 

$I ,821,000 
. ~ . 

Years to return the original investment of $1,827,000 from the Net Cash Flow shown 
in Table 9 is: 

$1,827,000. $113,600 + n x $143,600 

n • 
1,827,000 - 113,600 

143,600 
.. 11.9 years. 
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PERMANEl'll' HI LL 

A permanent mill having a log input of 20,000 m3 per annum differs from the sawmill 
ocmsld.ered in Case 2 in having a resaw which improves the productivity as well as the 
.rtioienoy of the mill in cutting products such as boards and nooring. 

It 18 assumed that the mill in this case is located in Central Amerioa and that the 
forest resource is classified as Humid Tropical. Forest • 

.An independent oompany would be formed for the sawmill project and government 
f"inancing i8 assumed to be available as part of a rural develolJllent scheme. The operations 
would be controlled by a general. manager, assisted by a sawmill manager and sales manager. 

3.1 Bg Jla'terial Chazoaateriatioa 

Wood Density 

Average wood density 620 kg/m3 

Range of wood densities 400 to 1,200 kg/m3 

Diameter Distribution 

Diameter Class Percentage per Class 

(by volume) Log top ~ u b (cm) 

30-39 
40-49 

SO-59 
60-69 

10-19 
80-89 

9:>-99 
100 om + 

Log Lengths 

Average log length 6 m 

Ma.x:imum log length 8 m 

3.2 S.a.. ProdDotion 

8 

22 

21 

15 
14 

8 

5 
1 

Because of high rainfall during the period from October to January logging operations 
have to be restricted to the remaining eight months of the year Or 200 dqa. 

AsIlUllling a one month mill shutdown for maintenance, a four month inventory of 10gB 
(which includes a one month safety factor) will be required at the beginning of the ra1~ 
Beason. A sprinkling system will be provided for in the log yard to proteot logs from 
degrade during storage. 

The mill will be operating 11 month a of the year or for 240 dBiY'S per annum. 
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It is ~oreseen that logs will be delivered to the mill by contractors in standard 
lengths and tha.t the average delivered cost would be US S 201m3• 

3.3 Sa'WDlUl Production 

It is assumed in this case tha.t the principal. markets would be retailers, builders 
and local furniture workshops. 

Assuming an annual log input of 20,000 m3 ub and an average conversion ratio of 60 
peroent, the distribution of' the products could be as follo\-I8: 

Market 

Retailers 

Builders 

Furniture stock 

Heavy construction 

Percent 

30 

40 

25 
5 

Volume 
(m3) 

3,600 

4,800 

3,000 

600 

12,000 m3 

Assuming 240 production working da;y-s per annum, the daily production would be 50 m3• 

3.4 Sal •• Volume 

Sales Volumes and Gross Revenue are summarized in the f'ollowing table: 

Product 

Sawnwood to retailers 

Sawn\«ood to buil ders 

Furniture stock 

Heavy construction timber 

Totals 

3.5 Sawmill Equipment 

Volume 
(m3JA) 

3,600 

4,800 

3,000 

600 

12 1°00 

Unit Price Annual Gross 
(US 17m3) Sal.. Revenu. 

(us I) 

126 453,600 

126 604,800 

126 318,000 

60 36 1°00 

122.10 11~12dQO 

A typical la,yout for a permanent mill of this size is shown in Figure 3. A description 
of the mill is given in Section 3.0 of' this guide. The main items of equipnent required 
are listed belOW: 

_ Circular saw, 1,.500 DIll ¢ + top saw of 1,000 /lID ¢ 
- Log carriage \on. th power~ettine devices 

_ ReslU'l with saw ¢ o~ 1,200 DIll, with 1 ine bar and feed roll s 

_ Edger with two circular sa,l .. s of 500 111m ¢ 
_ Tw~aw trimmer with lug chaina 

_ Overhead cross-cut saw 
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- Head rig rollcase with transfer tables to ed8er and resaw 

- Resaw infeed with adjustable line bar, outfeed rollcases 

- Edger infeed and outfeed roll cases 

- Trim saw in- and outfeed transfer tables 

- Dip t8llk: for mechanical dipping 

- Green chain 

- Conveyor for waste and residual disposal 

- Diesel-electric generators of 130 kW 

- Workshop equipnent, maintenance tools, etc. 

3.6 Kill Site Reqa!rements 

The factors to be considered in selecting a site for a sawmill are described in 
Seotion 3.2.1 of this guide. In general, the same considerations apply in this oase, 
as have been desoribed for Case 2. 

The site should be chosen in such a location where site preparation would be at a 
minimum for the total a:rea required, whioh includes the mill and its assooiated struotures, 
the log yard and the air drying yard. 

In this oase it is asSUlDed that 40 percent of the mill's production will be stacked 
for air drying for a period of eight weeks. 

A log yard. of a size to store an inventory sufficient for four months' produotion 
will be required. 

3.1 BIlildinp 

The sawmill building in this oase will have a floor area of 1,300 to 1,500 m2• Its 
construction would be basioally the same as described for Case 2. 

Office spaces, stores and a workshop will have to be provided for management, sales 
and accounting personnel, the mechanic and the saw doctor. It would be preferable if the 
building housing stores and the workshop would be separate from the offices. It is 
estimated that the total area required is ! 300 m2• 

Open sheds for B8l4nwood drying could be installed at a later date, if so desired. A 
total a:rea of ± 600 m2 would be required. 

In this particular case it is assumed that housing for the General Manager, the Sawmill 
Manager and the Sales }'lan~r will be provided. totodest housing for these three employees 
would require about 300 m • 

A fence arotUld the perimeter of the s1 te would be very desirable. '!'he total length 
would be about 1,000 m. 
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3.8 Site Areas 

3.8.1 Log Yard Area 

Assume: 4 months log inventory o~ 6,660 m3 

maximum log length of' 8 m 

average stack heieht o~ 1.5 m 

average stack density of' 50";:' 

3 log sorts to be carried out 

Following a similar calculation as described in Section 3.2.2.1, and in detail ~or 
Case 2, the area calculated for sta.cked logs is .± 8,880 m2 and the total area estimated 
f'or the log yard is approximately 4.5 times the stack area or ~ 40,000 m2 • 

3.8.2 Air Drying Yard 

Asswne: 40% of' the mill's production is to be air dried Tor 8 weeks 

3 species sorts to be carried out 

100 m3 of' logs converts into 60 m3 sawnwood 

stacks contain ± 20 m3 

average stack length is :!: 6 m 

maximum stack lenfrl;h is ! 8 m 

average stack density is ~ 8CYi~ 
roadwa;ys o~ 10 m between stacks 

roads of' 10 m width at sides and ends 

mill operates 11 months or 48 weeks or 240 da;ys per annum 

Lumber volume production 

20,000 x 8 
48 

40% of' this production is 

Stack area is 800 

during 8 \11eeks is: 

60 
x 100 

800 m3 

:!: 2,000 m3 

2 x 0.8 
Area of' air drying yard is approximately six times the stack area or 

6 x 500 m2 m 3,000 m2 • 

The total site area requirement :for Case 3 can be summarized as :follows: 

a. Log yard 40,000 m2 

b. Air drying yard 3,000 m2 

c. Buildings mill 1,500 m2 

o~f'ice, stores 300 m2 

housing )00 '{'(I2 

d. Unloading area, waste storage area, etc. 4 1000 m2 

49,100 m2 
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3.9 Per.o:anel 

For the permanent mill of larger production capa.ci ty as described in this case, the 
following managerial staff has been envisaged. 

The overall responsibility will rest with a General Manager. 

The mill operation will be the responsibility of the Kill Manager and the Sales Manager 
will direct all sales operations. 

The managerial staff is assisted by clerical personnel for accounting, record main­
tenanoe and sales related duties. 

The persarme1 requirements are sunmarized in the following table: 

Category 

Sawyer 

Mechanic 

Saw doctor 

Ed&erman 

Resaw operator 

'frim saw operators 

Grader 

Unskilled 

Fringe benefits at 2S1% 
Ammal operating cost 

Category 

General Manager 

Mill Manager 

Sales Manager 

Clerical Staff 

Fringe benefits at 2rJ1, 

1 

1 

1 

1 

1 

2 

1 

10 

No. 

1 

1 

1 

4 

Amlual oost, non-operating staff 

Operating Staff 

Rate 
LslA 

12,000 

10,000 

10,000 

8,000 

8,000 

5,000 

8,000 

2,400 

Non-operating Staff 

!!!! 

30,000 

24,000 

24,000 

4,000 

Total 
LslA US S/A 

12,000 

10,000 

10,000 

8,000 

8,000 

10,000 

8,000 

24,000 

~,OOO 

18,000 

108,000 

Total 

6,000 

5,000 

5,000 

4,000 

4,000 

5,000 

4,000 

12,000 

45,000 

9,000 

54,000 

LslA US If A 

30,000 

24,000 

24,000 

16,000 

94,000 

18,800 

112,800 

15,000 

12,000 

12,000 

8,000 

47,000 

It is assumed in this case ths.t the JDi].l. operates 240 da.Ys per year of 11 months. 

On. IDODth haa been allowed for aaill md machine maintenanoe and overhaul.. 
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3.10 Finance and Economics 

The series of schedules prepared to preserve the financial information relative to 
Case 3 are somewhat more oomplex than those prepat'ed for the other two cases which oon­
cerned smaller mills. The mill desoribed in Case 3 is of a size and cost which justifies 
financing by a oombination of entrepreneurial equity capital and government long-term debt. 

3.10.1 Capital Cost 

A summar,y of the total capital investment requirements for the mill illustrated by 
this case is shown in Table 1. The initial capital consists of' a substantial component 
for working and a new component, capitalized interest, in addition to plant capital. The 
summarized costs are detailed in subsequent tables. 

The detailed breakdown of the plant capital is given in Table 2. Each item of equip­
ment and other elements of the total investment in physical plant are shown. 

Site preparation and siteworks covers the capital required to develop the plant site, 
level and surface the log storage yard, and install a sprinkler system to prevent stored 
logs f'rom drying and deteriorating. 

Because of the relatively remote location the mill equipment includes prOvision for an 
initial inventory of spare parts of a value equivalent to 10 percent of the value of the 
equipnent. 

Ancillar,y equipment and facilities include two vehicles oonsidered necessary for the 
operation of the mill. The two vehicles are a piok-up truck: for various yard ohores and 
local trips and a fork Ii f't truck: primarily for handling logs in the log yard and f'rom the 
yard to the log infeed deck. The fork lift oould also be used to handle sawnwood as 
required and to assist in mill maintenance. 

The three overhead items comprising the plant capital are Construotion or Contractor's 
Overhead, representing about 10 percent of the cost of materials and equipment; Engineering 
and Contingenoies at about 8 percent of materials and equipment i and shipping from the 
oountry of origin of the equipment to the mill site. No customs or import duties are 
applied in this particular case. 

The detailed calculations of Working Capital and Pre-operational. Expense are shown 
in Table 3. The permanent working capital requirement represents those items of current 
assets and current liabilities which are expected to remain essentially at this level 
with the mill operating at its design capacity of 12,000 m3 sawnwood per annum. 

The major inventory item is the four months supply of logs. This large inventory, 
having a value of US 8145,400, is required to maintain mill operations during the four 
month wet season when logging ceases. The other major component of working cam tal. is 
one months accounts reoeivable, representing an average months sales of 1,000 m3 sawnwood. 
The total value of inventories and accounts receivable is reduoed slightly by those items 
whioh the mill would reoord as accounts ~&ble for a typical month at capacity operation. 

It should be noted that the permanent working capitdl requirement is based on fUll 
capacity operation in order to be conservative. Under actual operating conditions the 
working capital needs ma;r be lower depending on production and sales volumes and the 
particular terms of trade. Providing for working capital in the amount calculated in 
Table 3 i8 oonsidered prudent for a new venture of this sort, even though the operating 
plan reflected in the Projected Income Statement contemplates a gradual inorease in 
production over the first two years. 
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The Pre-operational and Start-'llp Expense component of total capital investment provides 
f'or six months wages and salaries of' all mill personnel and for all expenses involved in 
operating the mill for two months of a six month training period at a production rate 
equivalent to 15 percent of' capacity. Such oosts incurred during pre-operational training 
and initial mill start-'llP and trial operations are typically considered part of the capital 
cost of the mill. 

The final oomponent of the total capital investment is Capitalized Interest. This is 
the interest expense applicable to that portion of the total investment which is financed by 
long-term debt. Since the business is not yet in operation there are no available f'unds 
to actually make interest ~ents on debt drawn down during oonstruction. Therefore, the 
interest expense for this period is added to the total amount of the loan. 

The amOWlt of interest applicable to the construction period has been derived f'rom the 
Time .... oney schedule shown in Table 4. In determining the applicable interest it has been 
assumed that equity f'unds could be used f'irst. Hence, expenditures for design and procure­
ment and f'or the first f'ew months of' oonstruction could be financed by equity while later 
oapi tal u:pendi tures would be financed by debt. Interest on the outstanding amount of debt 
until the start of normal operations at the beginning of Operating Year I would oomprise the 
total Capitalized Interest of US ~117,OOO. 

3.10.2 Sale. :R8v'eIm.e 

The Projected Sales Volume and Net Sales Value is shown in Table 5. As noted earlier, 
30 percent Selling Costs in this case consist of' two i terns. A retailer discount of' 5 per­
cent applies to the 30 percent of total sales volume sold through this means. Sinoe 50 per­
oent of' total sales are assumed to involve transportation to customers' locations, a further 
deduotion f'or shipping at the rate of US ~5.00 per cubic metre shipped has been allowed. It 
is assumed that the balance of total sales would be picked up by customers from the mill yard. 

3.10.3 Kanuf'acturing Costs 

The basic manuf'aoturing statistics and cost estimates are given in Table 6. This 
inf'ormation represents the consumption factors and key operating data. 

The mazmf'acturing cost estimate shown in Table 1 shows unit cost rates of the 
consumption f'actors shown in Table 6. Combining unit costs and consumption factors gives 
the total annual manufacturing cost at full production capacity of 12,000 m3/A. Table 7 
gives a breakdown between direct and indirect manufacturing cost for this case in which 
levels of' management in addition to those applioable to Cases 1 and 2 are required. 

At f'ull oapacity the total manufacturing oost has been estimated at US ::;54.16 per cubic 
metre of' s&Wnwood produoed. 

3.10.4 Projected Finanoial Result. 

Table 8 show. the Projected Income Statement for the mill based on an evaluation period 
of 20 years. A 2O-year life is considered a reasonable 11 fe expectancy for this mill, 
althOUBh it is likely that operations would continue after the 20th year. 

The income statement inoludes two years of' less than full capacity. In Year 1 it is 
assumed that the first six months operation would be at 25 percent or oapaci ty, followed by 
5 months at 50 percent. The 12th month has no production while the mill is shut down f"or 
maintenanoe. In the seoond year the first six months have been assumed at 75 peroent of 
capa,oit;r, with the latter five months at 100 percent. Thereafter, for all 81tbsequent years 
produotion at 100 peroent of oapaci ty for the normal eleven-month operating year has been 
assumed. 
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The Gross Profit figures shown in Table 8 are derived from the information in Tables 
5 and 7. 

Deductions from Gross Profit consist of Depreciation, Amortization and Interest Expense. 
Depreciation haa been chargoed on a straight-line basis on the nominal life of wasting aBsets. 
In this case the lives aasumed for depreciation Plrposes are: 

Sawmill equipment 

Structures 

Site works 

15 years 

25 years 

30 years 

Because there are no pm-ticular rules in Honduras, for example, conoerning depreoiation 
for tax IUrposes the straight line rates desoribed have been used for both finanoial record 
and inoome tax determinations. 

The Amortization charge relates to the US :1:80,000 in pre-operationaJ. expenses whioh 
were oapitalized in the total plant investment. This oharge has been amortized over the 
first ten years of operation. 

The Interest Expense applies to the long-term debt financing approximately 60 percent 
of the total plant investment. An interest rate of 10 percent per annum has been assumed 
along with loan rePEl\YDlent over 18 years following a two-year period of grace. 

The projected inoome statement shown haa a loss of US $164,000 whioh would oocur in 
Operating Year 1 due to the low volume in the initial year. Operations would become 
profitable in Year 2 and would continue profitable for the balance of the 2O-year evaluation 
period. 

No income tax would, of course, be pa.yable in Year 1. Inoome tax in subsequent years 
is at the rate of 30 percent on taxable income of less than US ~500,000, and 40 percent on 
taxable inoome greater than US 1500,000. 

~e Projected Cash Flow Statement is shown in Table 9. As in the other cases, oash 
floW from operations consists of net income af'ter tax, plus the non-cash oharges of 
depreciation and amortization. The Table indicates that a cash defioit of US $1,000 
would oocur in Operating Year 1 t which would have to be financed by short-term borrowing. 
Beginning in Year 2 the oash generated from operations amounts to about US ~400,000 annually. 

Table 9 shown the oash expenditures necessary on an annual basis to maintain the 
operation. 

These oash expenditures oonsist of an annual capital reinvestment of' US $50,000 to 
maintain the }:'hysical plant in good operating order so its profitability can continue, and 
US tlOO,OOO for debt repa;yment. The operation thus generates a net cash flow of 
approximately US :l300,ooo per annum. 

Table 9 al90 shows the plant oapi tal investment and the sources of' finanoing. 
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3.10.5 Profitability Analysis 

Table 10 shows some measures of' prof'itability for this Case which were calculated f'or 
:ases 1 and 2. These include: 

a) Break-even Point at 48 percent of ca.po.ci ty 

b) Cash Break-even Point at 46 percent of capacity 

c) Gross Return on Total Investment of 26 percent 

d) Net Return on Equity Investment of 29 percent 

e) Cash Pa;yback Period of' 4.4 years 

f) Interest Coverage Ratio of 3.4 times. 

These measures of profitability ha.ve been discussed in the other cases. The values 
iopplicable to this case are sufficiently fa.vourohle to suggest that the operation as con­
)eived would have a relatively low risk of not being profitable. 

To rurther assess the risk of the project not being profita.ble, the following 
~ensitivity analysis has been made. The effect on gross return on total investment of 
Jhanges in the key variables is: 

Variable 

Base Case 

Net Sales Revenue 

-10% 
-20% 
-3C1fu 

Manufacturing Cost 

+10% 

+20% 

+3CJ1/u 

Total Investment 

+ 10% 
+2CJ1/u 

+30% 

Bet Sales Revenue and 
Manuf'acturing Cost: 

-10% 
-2rJ'/o 

+ 101> 
+2C1'/o 

Gross Return on 
Total-Investment 

26fu 

21% 

21% 

17% 
12% 

19'fo 
12% 
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As shown above, if any one of the key variables changes by 10 percent in a direotion 
whioh has a negative effect on Gross PrOfit, the Gross Return is reduced, but not below 
21 peroent. Manufacturing cost and total. investment might have to inorease by 30 percent 
to reduce the return to 20 percent. A 20 peroent decrease in net sales revenue could cause 
the Gross Return to drop to 11 percent. 

A oombination of a 10 percent decline in net sales revenue and a simultaneous increase 
in manufacturing cost would drop the return to 19 peroent. 

Thus it ma.y be concluded that, since qui. te large changes in the key variables (in the 
order of 20 percent) would be required to produce a substantial decrease in the gross return 
on total investment, the project has relatively little risk of being significantly less 
profitable than expected. 

3.10.6 Eoonomic Analysis 

The economic assessment of the project, as distinct from the financial assessment 
discussed so far, is concerned with the costs and benefits of the project in relation to 
the economy of the region. Such factors as creation of employment, enhancement of akilla, 
contribution to rural and regional developnent, provision of aecond.a.ry wood products manu­
facturing and increase in foreign exchange earnings are oonsid.ered. 

In Case 3 the project involves little cost to the regional econollG" as it is self­
sufficient in terms of required servioes. The benef'i ts to the region ma.y be signi f'icant 
through providing direct employment for 25, with perhaps a similar nwnber of jobs being 
created in support businesses. 

other broad economic benefits of the project include the production of sawnwood for 
local use, end perhaps even for export, from an available resouroe not presently utilized. 
This activit7 adds value to the available timber and creates additional value of produotion 
in the eoonoD(Y. Having sawnwood available looally at reasonable cost ma.y stimulate local 
construction. 

The level of skills required of the mill personnel m8iY enhanoe the overall skill 
levels in the region and ma;y lead to the creation of other businesses or industries. 

Through the reduction of any imported wood and through the possible future export of 
sawnwood the mill would reduce foreign exchange requirements. There will, of course, be 
a substantial requirement for foreign exchange to purohase the mill equipnent initially. 

The mill proposal, through the creation of new employment and by adding value to a 
natural resouroe, would appear to offer a signifioant economic benef'i t to the local region. 
Methods for estimating the monetary return of BUch broad economic benefita are available 
but a discussion of these methods is beyond the scope of this guide. 
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Table 1 - Summary of" Capital Cost Estimate 

SAWMILL: 12,000 m3 / A Sawnwood Production 

Total direct capital cost 

Engineering, overhead and shipping 

Ancillar,y equipment and f"aci1itiea 

Total plant capital 

~yorking capital 

Pre-operational and start-up expense 

Capitalized interest 

Total. investment reqnirement 

1,926,000 

400,000 

83,000 

2,409,000 

29),000 

80,000 

117,000 
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Table 2 - Detailed Capital Cost Estimate 

Description 

Site preparation and site works 

Structures 

Sub .JJ.Iot al. 

Sawmill Equi pnent 

Log int'eed deck 

Circular saw headrig 

Log carriage and setworks 

Resaw and set works 

Edger and manual setworks 

Two saw trimmer and 1 uB' chains 

Swing cross cut saw 

Head.rig outt'eed roll case 

Transf'er table to resaw 

'rransf'er table to edger 

Resaw in~eed and outt'eed 

Edger int'eed and outt'eed 

Transfer table to trimmer 

Lumber dip tank 

Sorting green chain 

Bad log out~eed skids 

Cost holding skids 

Sawdust oonveyor 

Residual out feed chains 

Diesel. electric generator (2 at 130 k(J) 

Electrical power, lighting and control 
wiring 

\%rkshop equiIJllent and tools 

Power sa.ws 

Spare parts a.t 10'1> ot' equipnent 

Sub-lI'otal. 

La.bour 

18,000 

84,000 

102,000 

4,000 

2,000 

11,000 

11,000 

8,000 

3,000 

1,000 

3,000 

1,000 

1,000 

18,000 

3,000 

2,000 

4,000 

8,000 

1,000 

1,000 

2,000 

1 ,GOO 

38,000 

38,000 

161,000 

Ma.terial 
TOs j) 

10,000 

334.000 

404,000 

29,000 

15,000 

14,000 

14,000 

56,000 

22,000 

8,000 

22,000 

6,000 

6,000 

118,000 

18,000 

11 ,000 

26,000 

52,000 

3,000 

3,000 

11,000 

1,000 

251,000 

251,000 

12,000 

4,000 

114,000 

1,259,000 

88,000 

418 ,000 

506,000 

33,000 

17,000 

85,000 

85,000 

64,000 

25,000 

9,000 

25,000 

1,000 

7,000 
136,000 

21,000 

13,000 

30,000 

60,000 

4,000 

4,000 

19,000 

8,000 

289,000 

289,000 

12,000 

4,000 

114,000 

1,420,000 
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Table 2 continued 

Deacription 

Construction overhead 

Engineering and contingencies 

Shipping at 12% of equipnent cost 

Sub-total 

Total Plant Capital 

Anoill8£Y Equipment and Facilities 

Piok'"'l1p truck 

Fork-lin truck: (with spare parts) 

Management housing 

Total Anci11ar,y Equipment 

Labour 

263.000 

Material. 
(US 5) 

1166~.000 

8,000 

30,000 

38,000 

~ 

149,000 

100,000 

1:21 .°00 
400,000 

21~26.000 

8,000 

30,000 

45,000 
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Table 3 - \~orking Capital and Pre-opera.tional Expense 

Working Capital (At full capacity) 

Item -
Loes: 

Sawnwood: 

Supplies 
and Fuel: 

Quantity 

4 months supply = 

it x 20,000 m3/A = 7,273 m3 

40% dried for 8 weekG: 

Volume to dry = ~fo of monthly 

production for 2 months -

(.40) x 1fIO~~~~{A x 2 • 873 m3 

1 month supplies .. 

20,000 m3/A 1 . t 11 og l.npu 

. 12,000 m2 
Flle1 and lubrl.cants =11 

Total Inventories 

Accounts 
Recei vab1 e : 

C ash Reserve: 

1 month. 8&1.es = 

12,000 m3/A = 1,000 m3 
12 

Total Current Assets 

Acoounts 
Pavrab1e : Log purohases (1 months input) 

Supplies and expenses (1 month) 

Salaries and wages (2 weeks) 

Total Current Liabilities 

Total Horking Capital 

Unit 
Va.'lue 

(us 1!unit) 

20.00/m3 10es 

Total 
ViiiU8 
(US t) 

145,400 

47,800 

7,300 

4,100 

204,600 

118,300 

20,000 

342,$Q0 

36,/1.00 

12,300 

4,200 

52, SO<> 
2$Q,OOO 

/continued 
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'able 3 continued 

Item -

Training: 

Quantity 

6 months of all personnel 

Operating 
Trials: 2 months a.t 15% of ca.paci ty 

Logs (.15) (20!~ m3/A) (2 months) • 545 m3 

FIlel 29 l/hou x 8 hrs/dq x 40 daurs • 9,280 1 

Truck 50 mjdq x 40 dqs. 2,000 Ian 

Supplies 545 m3 log inPlt 

Of't"ice Expenses 5C1fo of normal 

Contingenoy 

Total. Pre-operational. and Start-up Expenses 

Table 4 - Time-Mon!y Schedule 

(US ~) 

A.ctivity Duration Funds 
{months' ReiiIiid 

Designs and procurement 9 359,000 

Conatl'l1ction 9 2,050,000 

Pre-operational expenses 6 80,000 

Working capital. 29),000 

Capitalized intereat expense -- 111,000 
Total Initial Capital Inveltment 24 2,896,000 

Unit 
Value 

(us S/unit) 

20/m3 logs 

.80/1 

• 25/km 

4/m3 logs 

Total. 
Value 

(us I) 

55,200 

10,9)0 

1,400 
500 

2,200 

500 
31300 

801000 

Funds Provided by 
~ Equity 

1,291 ,000 

80,000 

29),000 

111,000 

1,184,000 

359,000 

153,000 

1,112,000 



- ] 35 -

~---------------------------------

Table 5 - Projected Sales "[olume and Not ;:iAles Value 

SALES VOLUI4E 

Product fr,larket Volume Unit Price* 

(m3/A) 

Sawnwood to retailers 3,600 

Sawnwood to builders 4,800 

Furniture stock 3,000 

Heavy construction timber 600 

'l'otals 12,000 

SELLING cosrs 

Retailer discmmt, <Jfo 3,600 

Transportation to customers (50%) 6,000 

Total Sell ing Cost 

Net Sales Value 

* Unit price expressed as us ~Vm3 01 total sa'l-mt"lood sold, 
based on capacity of 12,000 m3/A 

(m "j 3) .,' m 

126 

126 

126 

60 

122.70 

1.9J 

2.5° 

4.40 
118.30 

Table 6 - Manu~acturing Statistics and Cost Estimates 

ll!!!! ~ 

Sawl1\-Iood sales m3/year 

Log purchases m3/yea:r 

Diesel IiUel - Generators lit re s/h our 

Fork-lif't truck fuel Ii tres/hour 

Lubricants litres/da,y 

Pick-up truck km/da,y 

Maintenance and operating supplies US Vm3 logs 

Office supplies and expenses US ~/month 

Labour - Mill operation. men 

- Office men 

- l.Ianagement men 

11lmual Operating Peri od - rUll dB\Y'S 

- r.1aintenance da,ys 

- Office and sales daoys 

Annual Gross 
Sales Revenua 

(US ?f.) 

453,600 

604,800 

378 ,000 

36 1°00 

Id12 .!lQ0 

22,700 

30,000 

:22 .100 

1.41 21 700 

.Amount 

12,000 

20,000 

26 

3 

2 

50 
4 

500 

18 

4 

3 

240 

22 

262 
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~able 7 - Manu~acturing Cost Estimate 

!!.!!! Unit Rate Unit Cost* Annual Cost 
(US t) (US ~7m3) (US t) 

Log purchases 20/m3 logs 33.33 400,000 

Diesel fuel - generators .80/litre 3.33 39,~0 

Fork-li ft truck fuel .80/1itre .38 4,600 

Lubricants 3.20/litre .07 800 

Pick-up truck operation 0.2S/km .28 3,300 
Maintenance and operating supPlies 4.00/m3l~ 6.67 80,000 

Labour Mill operations 3,OOO/man year 4.50 54,000 

Office 2,400/man year .80 9,600 

Contingency ...kQQ. 12,000 

Total Direct Xanufacturing Cost ~ 604,200 

Indirect and Administrative Costs: 

General Manager l8,000/man year 1.50 18,000 

Mill and Sales Manager 14,400/man year 2.40 28,800 

Office SupPlies and expenses sao/month ....!i2. 6,000 

Total Indirect Cost ..&.1Q. 52,800 

Total Manufacturing Cost 657,000 

*Uni t Cost based on annual sawnwood production capacity of 12,000 m3• 
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Table 8 - Projected Inoome Statement 

Operating Year 

Production (m3) 4,363 10,363 12,000 12,000 12,000 12,000 12,000 12,000 12,000 
Sales (m3) 4,145 10,145 12,000 12,000 12,000 12,000 12,000 12,000 12,000 
Net Sales Value (m ;/m3) 118.30 118.30 118.30 118.30 118.30 118.30 118.30 118.30 118.30 

(US $) 

Net Sales Revenue 4S(l,000 1,200,200 1,419,700 1,419,700 1,419,700 1,419,700 1,419,700 1,419,700 1,419,700 
!(anufacturine; Costs 313,000 2§~11l22 6~11ooo 6~11ooo 6~11ooo 6~IIOOO 6211000 6:211000 6:211000 

Gross Profit 177 ,400 616,800 762,700 762,700 762,700 762,700 762,700 762,700 762,700 

Less: Depreoie.tion 155,000 155,000 155,000 155,000 155,000 155,000 155,000 155,000 155,000 

Amortization 8,000 8,000 8,000 8,000 8,000 8,000 8,000 8,000 8,000 

Interest ~penge 1.1§.dQQ ~ 1141 200 165,000 155,000 1451000 135,000 1221000 1151000 

Income b*e Tax: 164,000 275,400 425,500 434,700 4;1.4,700 454,700 464,700 474,700 484,700 

Less Inoome Tax -- ..ll.dQ.2 1211 600 U2.a.1Q£ illdQ2 ~ ~ ill.dQQ ~ 

let Income arter Tax: (164,000 ) 24.2,000 297,000 304,300 311,300 318,300 325,300 332,300 339,300 

= = ==-=== -=- ...- - -



Operating Year 

Ll ..1L -1.L -lL ..J.L -lL -ll- ..J.L --1L -12-
,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000 

,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000 12,000 

g.30 118.30 118.30 118.30 118.30 118.30 118.30 118.30 118.30 118.30 

(us S) 

,700 1,419,700 1,419,700 1,419,700 1,419,700 1,419,700 1,419,700 1,419,700 1,419,700 1,419,700 

,000 6:21.000 6:21.000 621.°00 6:211°00 6:211000 6211000 6~71000 6~11OO0 6:211 000 

,700 762,700 762,700 762,700 762,700 762,700 762,700 762,700 762,700 762,700 

,000 155,000 155,000 155,000 15~,OOO 18,600 18,600 18,600 18,600 18,600 

--- - -- - -
,700 522,700 532,700 542,700 552,700 699,100 709,100 719,100 729,100 739,100 

L1ClQ ~1QO ?JJ.1oo 217.100 221.100 279.600 283.600 287.600 291,600 295,600 

,600 313,600 319,600 325,600 331,600 419,500 425,500 431,500 437,500 443,500 
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TabJp. 9 - Proj~('t,.d ~~ Flow S!atPrtlPE.! 

_D_!:!"~lop,!,~_~~ "-p.~r~ __ . ---~--.---.-. ---- . -,--- Opt'rati~.&. r!:~ . 
_ 1 - 4 

(US $) 

ceipts 

,me (Lo .. ) (164,000) l47.,000 Z79,900 304, ZOO l11,lOO 318,300 lZ5, lOO 33Z,300 339, 

Non-Casb DeductioDI 

Depreciation 155,000 155,000 155,000 155,000 155,000 155,000 155,000 155,000 ISS, 

Amortization .~ ~~ __ B,QQ.Q ~ --.-..hOOD ~ ~qQ .-.... ~QQQ -!. 
1m Ope-rations ( 1,000) 405,000 44Z,900 467,lOO 474,lOO 481,lOO 488,300 495,300 SOl, 

Funds PJoo.id.d: 

Equity 610,000 SOl,OOO 

Long Term Debt ~~~z1QQ ~!l 
,p.ta! Funds I,04l,300 1,853,700 

pend it UI'f"I 

.pita.! 1 ,00l ,300 1,366,700 

ra tional Expense 80,000 

Capit.1 190,000 

iZf'd Interest 117,000 

:.pital 50,000 50,000 50,000 50,000 50,000 50,000 50,000 SO 

payment ~ 100,000 100,000 ~ -l..!!Q...000 _U!2J.!!QQ --lli. 

"It Expenditure. 1,047.,300 1,853,700 -2Q,.QQ£ ~ ~ 150,000 150,000 ~.Q ......!2Q.,.Q!!Q -ill. 

b Flow ~oog) 3551~00 ~8,900 _2!.!.tlOO -~~~!~.Q ~1~ 338,300 -.!!5,300 352 



_..Qp.<:~a t ing Year 

11 lZ \3 14 15 16 17 18 19 -~ ---~-

(US $) 

100 307,600 313,600 319,600 3Z5,600 331,600 419,500 42.5,500 431,500 437,500 443,500 

100 155,000 155,000 155,000 155,000 155,000 18,600 18,600 18,600 18,600 18,600 

100 ----- ---- ----
;00 462.,600 468,600 474,600 480,600 486,600 438,100 444,100 450,100 456,100 462.,100 

50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 50,000 

100,000 .-!.QO,OOO 100,000 100,000 ~!!Q.Q. 100,000 .....J.Q.Q~.QQ£ ~QQQ 100,000 100,000 

150,000 150,000 150,000 150,000 _150,000 ~QO _ 1_~~.OOO 150,000 

3lZ, 600 318 , 600 32.4,600 330 ,bOO 



- 139 -

Table 10 - Financial Per-f'ormance Indicators 

. • BREAK-EVEN POINT 

Assuming Net Sales Revenue at Break-e'ven Point equals Variable Manuf'acturing Costs 
llus Fixed Costa and that certain costs vary directly with sales volume, then: . 

Variable Costs: 

Logs 

Fuel and lubricants 

Supplies 

Pick-up truck 

Operating labour 

Clerical labour 

Contingency 

Total Variable Costs 

Fixed Costs: 

Management 

Office supplies and expenses 

Depreciation and amortization 

Interest on long-term debt 

Total Fixed Costs 

Net Sales Value 

Unit Cost 

(US Vm3) 

33.33 

3.78 

6.67 
.28 

4.50 
.80 

118.30 

Annual Cost 

(US ~) 

46,800 

6,000 

163,000 

174,000 

389,800 

Break-even Point: 
(118.30) x (Sales at Break-even) ., 389,800 + (50.36) x (sales at Break-even) 

389,800 
Break-even Sales Level - (118.30 - 50.36) .. 

or 4~ of' Cape.city 

Cash Break-even Point is the sales volume required to match cash reoeipts and 
~penditures. Non-cash charges of' Depreciation and Amortization are excluded but 
a.pi tal reinvestment and debt. rep8\Ylllent are included in f'ixed expenses. 

376,800 3/ 
Cash Break-even Sales Level - (118.30 _ 50.36)/m3 - 5,546 m A 

Or 46~ of Capacity 
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2. GROSS RI!1l'URN ON Tar AI. INVEffi'MElfl' 

After the initial build-up years the Gross Prot'it remains oonstant t'or the 114"e o~ the 
projeot. The GroBS Return on Investment is, theret'ore: 

Gross Profit 
Total Investment 

3. BEl' REJrURN ON EQUITY INVEffi'MElfl' 

_ US S ~62, 700 .. 2ftfo 
$2, 96,000 

Although the Wet Inoome varies over the 1it'e ot' the project depending on depreciation 
and inoome tax rates, a typioal year oould be Year 6, whioh has Net Income of US $318,300. 
The equity investment is approximately 40% ot' the total capital investment or US '1,112,000. 

'Irr D_ Wet Inoome at'ter Tax US $ 318,300 2"" 
The ~let IUJturn on Equity .. Total Eq,lity Investment - $1,112,000 - 7JO 

4. CASH PAYBACK PERIOD 

The time to retum the original equity investment based on the Net Cash Flow 
generated by the project af'ter repa.yment o~ 1onS'-term debt is calculated as ~olloW8: 

Equity Investment: us n:l,1l2,000 

Annual Cumulative 
!!!:!: Net Cash 'lI"1ow Net Cash Flow 

(US I) (US $) 

1 (1,000 ) (1,000) 

2 355,000 354,000 

3 308,9JO 662, SOO 

4 317,300 960,200 

5 324,300 1,304,500 

P~t Period for Equity Investment - 4.4 years. 

5. Drl'ERESl' COVERAGE YIO 

The Interest Coverage Ratio Or Times Interest Earned is a measure o~ the mill'. 
ability to meet the interest oonnitment on its long--term debt. For a typioal year, 
s8iY Year 3 t the interest coverage ratio is: 

Earnings bet'ore Interest and Taxes 
Long-Term Debt Interest 

US ~ f99,7oo . 3 4 t' 
• ;;) "'74,200 - • 1me. 
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APPENDIX I 

GLO§SARY AND l\BBREVIATI01'TS 

1. GlOSSary 

Definitions in this glossary are based on those used in Lumber Manu~acturing by 
Ed. M. 'iilliston and in the Hood Handbook, USDA Aericul ture Handbook No. 72. There are 
some additions and modifications to meet the needs of' this guide. 

AIR DRIED. Dried by exposure to air in a yard or shed without artificial heat. 

ANNUAL GROI~ RING. The gro\'1th la;yer put on in a single growth year, including spring­
wood and summerwood. 

BAND SA\i. A saw made f'rom steel but l1elded into an endless belt Or band with teeth on 
one or both edges arranged to cut sequentially. 

BARK. Outer la;yer of a tree, comprising the inner bark, or thin inner living part and 
the outer bark or corky la;yer composed of dry, dead bark. 

BARK POCIGl:l'. An opening between annual growth rines that contains bark. Bark pockets 

BOW. 

B01 .... 

appear as dark streaks on radial surf'aces and as rounded areas on tangential 
surfaces. 

A short section of' the tree. 

The distortion in a board thnt deviates f'rom f"latness lengthwise but not acrOss 
the faces. 

BOJOlm HEARl'. The term used l-lhen the pi th ~all sent irely wi thin the 'four f'aces of a piece 
of' wood ~here in its length. 

CANT. See Flitch. 

CIIiCULAR SAW. A circular disc with teeth around the periphery. 

CROOK. A distortion of' a board or log in which there is n deviation edgewise f'rom a 
straight line f'rom end to end. 

CROSSCt1l' • Cutting across the grain, e.g., a "crosscut" saw. 

CUP. A distortion o~ a board in 1-1hich there is a deviation fi.atwise hom a straight 
line acrosS the width of' the board. 

DEGADEm'. Deca;ying loge or timber, where 30 percent or more of' the wood will not make 
lumber because of' defect. Also called ''high deduct". 

DECAY. The decomposition of' wood substance by fUngi. 

ADVANCED or TYPICAL DECAY. The older stage of' deca;y in which destruction 
. s readily recognized because the wood has become pmky, sof't and spongy, 
~tringy ring-shaked, pitted, or crumbly. Decided discoloration or 
bleachi~ of' the rotted wood is orten apparent. 
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INCIPIEffl' DECAY. The early st8f.;'8 of deca;}' that has not prooeeded far enough 
to soften or otherwise perceptibly impair the hardness of' the wood. 

EQUILIBRIUM MOISl'URE CmTEffl'. The moisture content at which wood neither gains nor loses 
moisture when surrounded by air at a given relative humidity and temperature. 

FINISH. Wood products to be used in joinery work, such as door and other fine work, 
required to comPlete a building, especially the interior. 

FLITCH. A portion of a log sawn on two or more sides and intended for remanufacture 
into lumber. Also called "cant" or "deal", the terms being used interchangeably 
throughout the world. 

FRAMING. Lumber used for the structural members of a building such as studs, jOists, 
Plates, sUls, and so on. 

GAGE or GAUGE. The thickness of the saw blade, best expressed in decimals of an inch 
or millimetres or "Birmingham" gauge. 

GRADE. The designation of the quality of a manufaotured pieoe of wood or of logs. 
A "grade" log refers to a log containing high grade lumber. 

GRAm. The direction, size, arrangement, appearance, or quality of fibres in wood or 
lumber. To have a specific meaning the term must be qualified. 

EOOE-GRAINED LUKBER. Lumber that has been sawn so that the wide surfaces extend 
approximately at right angles to the annual growth rings. Lumber is considered 
ed8'e-grained when the rings form an angle of 450 to 9:)0 with the wide surface of 
the piece. Also called "vertical grain" or simPly "V .G." 

FLAT-GRAJ:RED LUMBER. Lumber that has been sawn parallel to the pith and 
approximately tangential to the growth rings. Lumber is considered flat-grained 
when the annual growth rings make 0U1. angle of less than 450 with the surface of 
the piece. 

Sl'RAIGHT-GRAINED \"IOOD. ivood in which the fibres run parallel to the axis of the piece. 

GREli:l'l. Freshly sawn or undried \-Tood. \iood that has become completely wet after 
inunersion in water would not be considered green but ma,y be said to be in the "green 
condition", literally not yet dried. 

GUIDE or SAH GUIDE. A supporting device above and/or below the cut to restrain the 
saw f'rom deviating off line. Often made of hardl.zood, plastio, or other materials. 

HARDWOODS. Generally one of the botanical groups of trees that have broad leaves in 
contrast to the conifers or softwoods. The term has no actual reference to the 
hardness of' the wood, although it is often used mistakenly to refer to "hard" wood. 

HEARl'flOOD. The wood extending '*'rom the pith to the sapl.zood, the cells of which no 
longer participate in the Ii fa processes of the tree. Heartwood ma.y contain 
phenol i c compounds, gums, res ins and other material s that usually make it darker 
and more deca.y_resistant than sapwood. 

HUSK. A term used for the I8rts of the sawing system comprising the arbor, saw, saw 
guide and sPlitter, usually on a round saw headrig. 

INSERI.'ED TOOl'H. A replaceable tooth not f'ormed +"rom the saw bod3". 
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KERF. As used here, the width of the saw tooth l'lbere widest is generally called ''net kerf" 
or "tooth width". The gross or total kerf is the width of wood removed b;y the tooth 
while cutting. This is usually wider than the net kerf beoause of wobble, flutter, 
tooth misalignment, variation in tooth \olidth, bent teeth, saw blade irregularities, etc. 

INC7l'. The portion of a branch or limb which has been surrounded by subsequent growth of 
the stem. The shape of the knot as it appears on a cut surface depends on the angle 
of the cut relative to the long axis of the knot. Knots m8\1 be of many types. Some 
are tight or red knots, loose or black knots, spike knots, round knots, star 01' ohecked 
knots, inoased knots, oluster knots, etc. 

LOG. A section of the trunk: of a. tree in sui table length for sawing into cOlllll8rcial lumber. 
Long logs are "tree length" or so long as to require bucking or cross-outting; short 
loga are read;y' for sawing; stud logs are 8 feet (2.44 m) long; plus trim allowanoe. 

LONGITUDINAL. Generally parallel to the direction of the wood fibres, log length or lumber 
length, or simply lengthwise or endwise. 

LUMBER. The product of the saw and planing mill not fUrther manufactured than by either 
sawing, resawing, passing lengthwise through a standard planing ma.chine, crosscutting 
to length, and matching. Finished lumber is completed, manufactured re~ to ship,as 
opposed to "finish" lumber. 

BOAIIDS. Lumber that is nominally less than 2 inches thick and 2 inches or more 
wide. Boards less than 6 inches lolide are sometimes called "stripe", e.g., 
4~ch strips, 3-inch strips, etc. 

DDlEN'SIClU. Lumber with a nominal thickness of from 2 inohes up to, but not 
including, 5 inches, and a nominal l'lidth o+' 2 inohes Or more. 

DRESSED SIZE. 
machine. The 
or rou.gtl size. 
by 3i inches. 

The dimensions of lumber after being surfaced with a planing 
dressed oize is usually! to 3/4 inches less than the nominal 

A 2 by4-inch stud, for example, actually measures about lt 
Also called "net size" as opposed to rough size. 

FACTOR!" AND SHOP LUMBER. Lumber intended to be cut up for use in fUrther 
manufacture. It is graded on the basis of the percentage of the surface 
area that will produoe a limited number of cuttings of speoified minimum size 
and quality. This is the case mainly in hardwoods but not necessarily in softwoods. 

FINISH LmmER. High or upper grade as opposed to cOlllllon or lower grades. 

MILLWORK. Planed and pattemed lumber for finish work in buildings, including 
such items as sash, doors, oomices, panel work and other items of' interior or 
exterior trim. Does not include flooring, oeiling or siding. 

pm'ERNED ImIBER. Lumber that is shaped to a. pattern or to a moulded form 
in addition to being dressed, matched, or ahiplapped, or any oombination of 
these workingw. 

ROOGH LUMBER. Lumber which has not been dressed (surfaced) but which has 
been aawn, ed&ed, and trimmed. 
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9l'RUCTURAL LUMBER. L\UIlber that is intended for use where working stresses 
are present. The grading of atructural. l\Ullber is based on the strength of 
the pieoe as related to anticipated uses. 

SURFACED LUMBER. Lumber that is dressed by rtmning it throu&h a planer. 

TIMBERS. WIlber that is nominally 5 inches or more in least dimension. 
Timbers mq be used as beams, stringers, posts, caps, sills, girders, 
pu-lina, etc. 

YARD LUMBER. A term for lumber of all sizes and po.ttems that is intended 
for general. building pu"poses, ha.ving no design property requirements. General. 
lumber found in a l\Ullber yard without assigned design values. 

JIOISl'URE CON'I"Ekl'. The amount of t1ater contained in the wood, usually expressed as a 
percent8&" of the weight of the wood. 

NOKIBAL SIZE. As applied to timber or lumber, the size by which it is known and sold 
in the ma:rketi often differs from the actual size. 

PITH. The small, soft core occurring in the struotural oentre of a tree trunk, branoh, 
twig, or log. 

RADIAL. Coincident with a radius from the axis of the tree or log to the circumference. 
A radial aeotion of a lengthwise section in a plane that passes through the centre­
line of the tree trunk. 

RIPPING. Sawing or CIltting with the grain as with a rip saw. tihen ripping is done 
an a planer it is usually called splitting. 

SAW-DOCTORIlIG or FILImJ. The maintenanoe work that is essential. to keep saws CIltting at 
mald.mum efficiency. 

SAWNWOOD. See IAmaber. 

SEASlNING. Removing moisture :f'rom green wood to improve its servioeability. 

AIR DRIED. Dried by exposure to air in a yard or shed, without ariificial heat. 

ICIIB DRIED. Dried in a kiln with the use of ariificial. heat. 

SBAJCE or RIlIG SHAICE. A separation along the grain, the greater part of which oocura 
between the rings of annual growth. Usually considered to have occurred in the 
atanding tree or during felling. Shake;r wood oontains shake. 

SImCER. A log too heavy to float in water. 

SOJ'l'WOODS. Generally ane of the botanical. groups of trees that, in moat oaaea, have 
needlelike or aoalelike leaves; the conifers; alao the wood produoed by suoh 
treea. The term haa no reference to the actual. hardneas of' the wood, al. thOllgh 
it is often used in that manner mistakenly for "soft" wood. 

SOLID 'roam. A aaw tooth that is formed from and ia an integral. part of the aaw blade 
itself. 
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SPECIFIC GRAVITY. The ratio of the weight of a body to the weight of an equal volume 
of water at 4PC,or other specified temperature. 

SPLIT. A lengthwise separation of the wood, due to the tearing apart of the wood cells. 

SPLITTER. A shearing device consisting of a d~sc or knife blade mounted behind the saw 
to prevent boards from falling on to the saw, or those with spring from binding or 
pinching the saw. When used behind circle saws, they should have a curvature 
corresponding to that of the saw and are mounted on the husk within 0.50 to 0.75 inches 
(12.7 to 19.05 ,nun) of the saw blade. They are wedge-shaped with the back edge 
being about 0.031 inches (0.787 rom) thicker than the leading edge. Also called a 
"shear" • 

SPRING. Conunonly used in industry to dcsir,nate locked-in tension in a log or cant 
released during sawing, causing the piece to deviate from a straieht line. 

SPRING SET. Alternately bending saw teeth to make the kerf wider than the blade. 

SPRINGWOOD. The portion of the annuul growth ring that is formed during the early part 
of the season's growth. It is usually less dense and weaker mechanically than 
swnmerwood. 

STAIN. A discoloration in wood that may be caused by such diverse agencies as micro­
organisms, metal, or chemicals. The term also applies to materials used to 
impart colour to wood. 

BLUE STAIN. 
by the growth 
of the wood; 
other fungi; 

A blue, grey, green, or black discoloration of the sapwood caused 
of certain dark-coloured fungi on the surface and in the interior 
made possible by the same conditions that favour the growth of 
may range in colour from blue to black or dark green. 

BROWN STAIN. A rich brown to deep chocolate brown discoloration of the sapwood 
of some pines caused by a fungus that acts much like the blue stain fungi. 

CHEMICAL BROWN STAIN. A chemical discoloration of wood which sometimes occurs 
during the air drying or kiln drying of several species, apparently caused by 
the concentration and modification of extractives. 

SAP STAIN. See Blue Stain. 

STICKERS. Strips or boards ,used to separate the layers of lumber in a pile and thus 
permit air to circulate between the layers. Also called "sticks" or "kiln sticks". 

STRUCTURAL TIMBERS. Pieces of wood of relatively large size, the strength of which is 
the controlling element in their selection and use. Trestle timbers (stringers, 
oaps posts, sills, bracing, bridge ties, guard rails); car timbers (car framing, 
incl~ding upper framing, car sills); framing for building (posts, sills, girders); 
ship timber (ship timbers, ship decking); and crossarms for poles are examples of 
structural timbers. 

STUD. One of a series of wood structural members used as supporting elements in walls 
and partitions. Most often nominal 2 x 4, 2 x 6, or 2 x 8, the common stud usually 
being 2 x 4. 
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SUMlERWOOD. The portion of the annual ring that develope largely during the latter 
part of the season'a growth, but not neoeaaarily in the Bummer. It is lesa 
porous and is usually harder and heavier than springwood. Also oalled 'flatewood". 

SWAGE or SWEDGE. A method of shaping a saw tooth to provide side clearanoe on both 
sides of each tooth. 

SWEEP. Deviation f'rom a straight line lengthwise. 

TJNaERTIAL. Striotly, ooincident with a tangent at the circumferenoe of a tree or log, 
or parallel to such a tangent. In practioe, however, it of'ten means roughly ooin­
oident with a growth ring. 

2. Abbreviations 

A annum, year. 

om centimetre 

dbh diameter breast height - diameter of a standing tree at 1.3 m 
above ground level. 

ha hectare 

m metre 
JI12 squazoe metre 

m3 cubic metre 

m3 / A ou.bic metres/annum 
JI13/ha rubic metres/heotare 

mm millimetre 

% percent 

ob overbark 

SWE eolid wood equivalent. 
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LIST OF PLA'I'ES 

Mobile circular sawmill. 

A semi-permanent circular sawmill set directly on the ground. 

Circular sawmill headrig with top saw. 

A small two-aaw edpr. 

Swing saw used for trinuning lumber. 

Circular linebar res&w, hand adjustable. 

Automatic lumber dipping vat with slatted rollers for hold down. 
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LIST OF FIGURES 

Figure 1 L~out f'or small t mobile or portable sawmill. 

Figure 2 L~out 'for semi-permanent or permanent small sawmill. 

Figure 3 Lavout 'for permanent small sawmill. 

Figure 4a Typical cutting pattern 'for planks and timbers. 

Figure 4b Typical cutting pattern "for boards, pl anks and timbers. 

Figure 4c Typical cutting pattern for board, planks and timber, using 
headrig and resaw. 

Figure 4d Typical cutting pattern 'for quartered log with heartrot. 

Figure 4e Typical cutting pattern 'for quartered hollow log. 

Figure 4f' Typical cutting pattern t'or quartered sound log. 

Figure 5 Typical project network diagram. 

Figure 6 Project Construction Schedule. 




