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Building the annual equivalent cost
of perennial energy crops

Peter G. Soldatos

Agricultural University of Athens, Department of Agribusiness Management, Greece

Abstract: Cost analysis of agricultural products is a delicate task because agricultural cost is very
much site and weather dependent and because the required analytical data is not usually available
due to the low organisational level of agricultural farms. In most cases, the researcher has to collect
the required information on the spot and then record it and organise it before transforming it into
useful cost information.

Although cost analysis is very important for managerial decision-making with regard to alternative
uses of land and policy evaluation, there is a substantial lack of available systems for the transforma-
tion of collected data into useful cost accounting formats.

In this paper, a computerised system comparable with modern managerial accounting systems used
for full costing has been proposed to record and synthesise detailed agricultural costing information
in various standard formats. Some of the most controversial issues have been focused upon in an
attempt to bridge the gap between cost analysis and investment appraisal.

Keywords: Cost analysis, computerised costing systems, profitability, investment appraisal, decision-
making, giant reed, Greece.

Introduction

Cost analysis is used to identify and categorise all the elements that contribute to the full cost of
the item analysed. Agricultural cost accounts usually differ from common company accounts
both in structure and style (Ministry of Agriculture, Fisheries and Food, UK, 1998). This is
probably due to the fact that part of the necessary information is not easily obtained or esti-
mated. So, although in most cases the full cost is important for decision-making, published agri-
cultural accounts do not usually analyse in detail the cost of unpaid items, such as labour and
capital, because most of these expenses are not actually paid out to third parties, and therefore
have to be imputed. In effect, the most common production costing formats record only paid
expenses, (Kitsopanides, 1990; Kitsopanides et al., 2000; Michalopoulos, 1989; Hilton, 1999;
Drury, 1994).

The analysis of production costs is useful for two main reasons. (a) To report to third parties,
such as tax authorities, shareholders etc, and (b) To provide management and decision-makers
with the necessary information to manage the production unit profitably.

In order to serve the first purpose, a firm’s cost information should be precise, regular and
compliant with well-known and widely accepted financial principles in order to be easily com-
parable with information collected from other enterprises. It is obvious, however, that the need
for compliance with established principles and common format reduces the flexibility of organi-
sations to report in forms useful for managerial decision-making. Therefore, two different and
usually not perfectly corresponding reporting and recording systems, co-exist in modern com-
panies (usually identified as “Financial Accounting” -Accounting Departments- and “Manage-
rial Accounting” —MIS-). The merits of “Financial” and “Managerial” reporting as described
above are found in any accounting textbook (for example, see Drury, 1994).
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In agriculture (Farm Accounting), the accounting and reporting systems are in general much
less sophisticated than corresponding systems in other sectors having adapted to the limited
availability of information.

Cost analysis of agricultural products is more delicate and cumbersome than that of industrial
products, because agricultural cost is much more site specific and because vital cost information
in agricultural farms and enterprises is not easily maintained due to smaller and less sophisti-
cated production units. Besides, it has been found in many cases that at the farm level there is
less need for formal reporting and that, at best, only paid expenses are recorded.

In addition, local land and labour markets are far from perfect and, as a result, opportunity
costs are not easily identifiable. On many occasions, it happens that farmers are the owners of
various factors of production, such as land and equipment, and that they also offer both their
own and their family’s labour to the farm.

Some popular profitability measures in agricultural accounting, such as farm income, are much
easier to calculate and useful from a social or macro point of view, but their usefulness in
managerial decision-making is very limited, since, for example, farm income depends on the
size of the farmer’s family and proportion of land ownership.

Full costing is required for optimal decision-making and profit maximisation. Indeed, it is nec-
essary to identify and measure each cost item separately in order to be able to understand the
cost structure in all its possible forms, e.g. distribution between fixed and variable, paid and
imputed, and present it by activity, by factor of production etc.

The collection of agricultural information for cost analysis is usually conducted by public bodies
on a regular basis, as well as by researchers on certain occasions. Therefore, the economist has
to rely mainly on the first sources since the second is not always available for the crop or the
region under examination. It has been found in many countries that governmental information
on the cost of agricultural products has been grossly inaccurate, dated or non-existent. Fur-
thermore, in most of these cases, such information includes only paid expenses and the cost
centre is the “farm” and not the “crop” or “product”, (Agricultural University of Athens, 2000).

In general, it seems that computerised costing systems that enable the researcher to fully ana-
lyse available or freshly collected cost information are lacking in the agricultural sector.

The approach proposed in this paper primarily leads to the “bottom line”, but, nevertheless,
maintains the necessary links with conventional agricultural cost accounting.

The model

The discussion is based on the COSTOS model!, developed within the framework of an Altener
project (see also Soldatos, 2000). The model is useful for the economic analysis of both food and
non-food crops i.e. in cases where the opportunity cost of land is a significant parameter in the
decision process and is measured by the profitability of already cultivated food crops.

The model measures the cost and profitability of crops and plantations at different geographical
locations and under varying cultivation conditions. This is important for example in the exami-
nation of alternative land uses. With the help of the model, the profitability of existing planta-
tions may be estimated and the profitability of alternative crops tested based on data from other
areas with similar ground and climatic conditions.

COSTOS was developed in the form of a spreadsheet-based computer model capable of per-
forming detailed cost analysis of the crop under examination after receiving the necessary in-
formation from the user. It is possible to link the model to external or internal databases to
avoid tedious data input. The advantage of programming in a commonly available environ-
ment, such as MS Excel, allows users to modify and adapt the model to their own needs to a
much greater extent than with more rigid models (e.g. Beaver, 1996).

! Multisees, Altener Project AL/98/227
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The model features include the following;:

>

>

Easy perception of the interrelations of the magnitudes involved because of its open
spreadsheet character.

Convenient arrangement of input data and result tables that facilitate the user’s
understanding of the whole set-up.

The user obtains the results in a format capable of further manipulation and exploitation.

Both annual and multi-annual crops can be analysed using the model. Harvesting rotation
can also be covered.

Energy and labour needs are reported separately.

The amounts of fertilisers and pesticides used can also be reported in a format useful for
environmental analyses. For the same purpose, the amounts of various fuels used by agri-
cultural machinery can be reported separately as well.

The model performs cost analysis on a “per hectare basis” and is not concerned with the
total cultivated area. Although this is handy in many respects, the user must have an idea
about the actual size of the plantation in order to fill the input forms wisely.

CROP
PRODUCTION
cosT

ACTIVITIES

COST OF LABOR MACHINERY VARIABLE
FIXED ASSETS* & EQUIPMENT INPUTS
MANUAL
LABOUR

Types of labour ..........

MACHINE FUELS DEPRECIATION
OPERATORS & MAINTNCE

or RENT

Types of labour ..........

Figure 1. Structure of COSTOS spread

In most multi-annual crops, expenses do not necessarily occur regularly, i.e. annually. The same
is true for harvesting which may not be annual or may start a few years after plantation, giving
rise to irregular cash inflows. Therefore, costing should take into account a typical or average

year in order to give a meaningful cost estimate. COSTOS goes a step further. It also measures

the time value of money, i.e. it recognises that expenses during the early years of the plant are

more important than expenses that have to be paid later in its life span and, therefore, it uses

annual equivalent costs instead of simple averages. If there are two plants with equal average
costs per unit of output, the model will take into account the timing of the corresponding ex-

penses and reflect it in the total cost estimate, thus regarding as more costly the plant for which

the bulk of the expenses appears in the first years of its life.
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An analysis of production costs is important for decision-making, price setting, diagnosis of
strengths and weaknesses, efficiency and profitability comparisons, sales promotion etc. For the
production of agricultural products, for which yields and costs differ from place to place due to
climatic and soil differences, a profitability and cost analysis mechanism is important because it
is the basis of evaluation of alternative land uses. Such a mechanism is also useful when plan-
ning the production of crops for the first time in areas, which have never been cultivated before.
The agronomist only needs to make a few fairly simple assumptions before obtaining a good
estimate of the full cost and profit of the new crop.

Annual equivalent costs

It is only natural that the cost of agricultural products not only varies from place to place, but
also from year to year mainly due to weather conditions. Therefore, if one needs to be precise,
one should estimate product costs for each location and year separately.

However, for planning and decision-making purposes, this is not practical. Here, we need to
calculate cost estimates that best represent the real average product costs. In order to maintain
compatibility with investment appraisal methods, one should introduce the time value of
money concept into cost and revenue calculations, assuming that early payments are dearer
than late payments. This permits the replacement of a series of unequal payments with another
equal-payment series, if and only if both have the same present value, (Bierman & Smidt, 1993).

For example, if a plantation has a lifespan of N=10 years and the cost of a special fertilisation
procedure performed every other year is 100 € per application, then its annual equivalent cost
including interest is (Cissell et al., 1986):

P=PV /an.

Where
i= interest rate,
PV is the present value of the actual payments:
PV=100 (1+i)+100 (1+i)3+ ... +100 (1+i)® and an.=(1/i) (1- (1+i)N)

By applying the same time value transformation to all expense and revenue flows, one may cal-
culate meaningful annual equivalent estimates of all costs and revenues that also give a truly
representative annual equivalent net profit, which is now consistent with NPV recommenda-
tions.

Depreciation of multi-annual plantations

Multi-annual crops are assumed to mature some time (n years) after planting, remain at full
growth for a number of years (N) and, at the end of their economic life, replaced. An approxi-
mation of their life cycle is shown in Figure 2.

The purchase and planting cost (C) of a multi-annual plantation is identified at point O, i.e. at
the time of planting. If the expense is paid at different time intervals, it may easily be converted
to its year-0 discounted equivalent by means of an interest rate (i) equal to the opportunity cost
of capital.

Constant annual depreciation including interest of the amount C can be charged throughout the
whole economic life (n+N) of the plant. This is equal to the annual payment of an equivalent
annuity, i.e. an annuity with present value equal to C.

Alternatively, period OA may be regarded as the “investment period” and the cost of the plan-
tation can be identified at the point of maturity (A) by compounding all incurred costs to this
point. Installation costs in this case include not only the purchase and planting cost of the plan-
tation, but also the cost of all other activities required until maturity, i.e. during the n years of
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period OA. In this case, depreciation of the plantation will extend over the shorter period AB (N
years) during which the plantation is at full growth and, by assumption, fully productive (yield
is assumed at OY for each year).

Full growth yield: Y

Yield

0 Al ' B
el R N Years

Figure 2. Production volume over the lifespan of perennial plantations.

This makes it easier to calculate smooth equivalent depreciation rates as follows:

(a)

(b)

(©

Estimate the plantation total investment cost (V) by compounding the plantation purchase
cost C and the cost of all necessary activities performed during the first n years, (planting
the trees, if not included in the purchase cost, initial and intermediate irrigation, fertilisa-
tion, etc.).

Assuming zero terminal value of the plantation, the amount V will be fully depreciated
during the period of N years that follow by annuity depreciation (Drury, 1992), with an
annual depreciation amount (D) and interest (I) equal to:

P=D+I=V /an,

Where: an, = (1/i) (1 - (1+)N)

By assuming e.g. straight line depreciation, the annual amount of depreciation is
D=V/N

and, consequently, the amount of (constant) annual interest will be:

I=P-D=V /an.- V/N

Following the above steps, the plantation annual depreciation and interest on capital employed
are both constant throughout the whole plant’s lifespan, (Boelje and Eidman, 1984).

Depreciation of mechanical and other equipment

“Own” equipment is characterised by its purchase cost (C) and economic life (L), (i.e. the time-
span after which the equipment is replaced for natural or technological reasons).

By assuming straight-line depreciation and zero terminal value, its annual depreciation (D) and
interest (I) are found as before:

P=D+I=C/aL.

D=C/L

I=P-D=C/aL.-C/L

Where: at.= (1/i) (1 - (1+)%Y)
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Mechanical equipment also has an annual maintenance cost and, in most cases, labour and fuel
costs as well. Once annual costs (depreciation, interest and maintenance) have been estimated,
they may be divided into the number of operating hours per year to give the hourly cost of the
equipment. To this, one may add the hourly labour and fuel costs (which may differ according
to the activity performed) and estimate the total hourly cost of equipment, broken down to all
its components, i.e. depreciation, interest maintenance, labour and fuel.

Activities not performed annually

Some activities may not be performed regularly and uniformly year after year. For example, the
plantation may be harvested every other year, etc. Other activities may be performed for part of
the time, but not throughout the whole lifespan of the plant, such as, for example, special fertili-
sation procedures carried out only in the first few years, etc.

For each of the aforementioned activities, an annual equivalent flow is calculated as follows:
(a) First calculate the Present Value of the irregular flow of the activity, and
(b) Calculate the annual equivalent flow

F=PV /an,.

where:
N= life time of the plantation, i= interest rate and
ane=(1/1) (1 - (1+)N)

Cost of labour and mechanical equipment

Given the hourly rate of labour and mechanical equipment (as suggested earlier), and given the
amount of time that these resources require for each unit of land, each activity and each month,
one may easily calculate the value of total monthly and yearly requirements of labour or ma-
chinery. The following table shows how COSTOS collects the necessary information for each
labour and machinery type.

Tractor hrs/ha
Activity ] F M A M ... D | Y-TOT

Irrigation

Fertilisation

Pesticiding

Activities
Total

Figure 3. Information input format for mashinery

The seasonality dimension has been proved very useful because it shows peak labour and ma-
chinery requirements, as well as peak energy consumption, CO2 emissions, etc.
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Subsidies

National or European Union subsidies and other similar transfer payments do exist for a good
number of agricultural products. However, they have a temporary character, may easily be
withdrawn or reduced, and do not reflect the true market power of the product. Besides, if in-
troduced at the top lines of agricultural accounts (they are usually added to gross sales or out-
put), although signifying the importance of external flows, they distort all indices that lie below,
render almost worthless comparisons between competitive plants and tend to be handled by
researchers as if they were the result of a competitive market.

Transfer payments such as subsidies should only be added at the bottom lines, i.e. after we have
a clear and net picture of the real market position of the product under examination. The output
tables of COSTOS reflect the above suggestions by placing subsidies after “Net Profit Before
Subsidies”.

Application: The cost of giant reed (arundo donax) in Greece?

Giant reed is a multi-annual crop native in south European countries. Its stems are thin and
grow to a height of 4-5 metres. It has a useful economic life of about 15 years and may be har-
vested every year. In Greece it yields an annual average of 30 tons per ha, which may be sold at
about 60 € per ton.

Giant reed is grown today in Greece as wind breaking fence and there is little use of it for other
purposes. In the energy field it is being considered as a possible substitute for oil or coal in the
energy generation sector.

Under the assumption that the farmer already owns a tractor and irrigation equipment, the re-
quired investment for the cultivation of giant reed consists of the cost of plantings (12,500
plantings x 0,10 € each) and the expense of all associated activities, the annual equivalent cost of
which has been calculated by COSTOS as follows?:

Table 1. Annual equivalent of initial cost breakdown

Initial investment annual equiv. cost €/ha

Herbiciding 1.83
Ploughing 2.84
Initial fertilisation 1.92
Disc harrowing 1.39
Planting, incl. cost of plantings 131.25
Initial irrigation 3.34
TOTAL 142.57

The cost of land (rent) required for the cultivation of giant reed is 600 €/ha. The plant may also
be cultivated in less expensive land (non-irrigated), but yields are much lower.

During its life time giant reed needs very little attention. Practically, it only needs moderate
amounts of fertilisation and irrigation. It is being harvested once a year and in order to be
transported and sold it must be chipped. Collection of stems and chipping is by far the most
costly activity in terms of labour, machinery and fuel. It has been assumed that the chipper is
too expensive to be bought by a single farmer. Instead, it is hired at a price, which is about three

2 See also Panoutsou et. al., 2000

* Based on user data such as: Tobacco planter rent =31 €/hr, tractor purchase cost =29,000 €, tractor average annual usage
=1,500 hrs, tractor useful life =15 yrs, skilled labour =4.5 €/hr, price of diesel =0.80 €/lt, etc.
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times higher than the equipment’s depreciation. The same is true for the planter. The data for
the cost of labour and machinery per hour of operation are as follows:

Table 2. Operation cost rates

Labour / Machinery €/hr
Skilled labour 4.50

Field labour 2.00
Tractor depreciation* 2.44
Tobacco planter 31.00 (rent)
Chipper 12.00 (rent)

* Calculated by the model

Based on user data such as the above COSTOS is calculating a number of tables grouping costs
by different criteria. The two layout examples that follow indicate that the cost of land is critical
for the cultivation of giant reed and the major reason for the lack of profitability. Although ini-
tial investment is relatively high, its annual equivalent for the 15 years of the plant’s useful life
is a small percentage of total annual equivalent cost. Collection and chipping is the most costly
annual activity accounting for almost 40% of total cost. This is due to the relatively high rental
cost of the chipper (which does not include labour and fuel).

The usefulness of such cost analyses is that the decision maker may easily identify the most im-
portant cost items and the ones that could possibly be reduced by applying appropriate poli-
cies. For example, in the case of giant reed, it is obvious from the analysis that the producer
should search for cheap land and examine the possibility of selling his product before chipping.
He may also consider the case of non-irrigated, cheap land and try to analyse the low-cost low-
yield scenario.

Table 3. Cost analysis by factor

Factor €/ha/yr €/ton %
Land 600.00 20.00 33%
Labour 305.92 10.20 17%
Rental of equipment 251.38 8.38 14%
Depreciation of equipment* 197.54 6.58 10%
Depreciation of initial investment* 114.69 3.82 6%
Variable inputs 17.66 0.59 1%
Cost of capital 150.00 5.00 8%
Fuel 144.09 4.80 8%
Overheads 60.00 2.00 3%
TOTAL PRODUCTION COST 1,841.49 61.38 100%
SALES REVENUE -1,800.00 60.00
plus Subsidies
NET PROFIT BEFORE TAX -41.29 -1.38

* Including interest
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Table 4. Cost analysis by activity

Activity €/hafyr €/ton %
Fertilising 20.95 0.70 1.2%
Irrigation 128.14 4.27 7.0%
Harvesting 43.35 1.45 2.4%
Collection & Chipping 696.28 23.21 37.8%
Initial investment 142.57 4.75 8.0%
Other (incl. land rent) 810.20 27.01 44.0%
TOTAL PRODUCTION COST  1,841.49 61.38 100%
SALES REVENUE -1,800.00 60.00
plus Subsidies
NET PROFIT BEFORE TAX -41.29 -1.38
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