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The Annuities Method

Compared to other approaches, the annuities method is more suitable for
assessing absolute economic efficiency and for comparing various
investments with very divergent projected lifetimes. The annuities method
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is a reliable means of comparing the economic viability of various
investment options. It takes into account reinvestments and differences in
system mortality.

According to the simplified approach presented here, however, a single
cost increase factor is applied for all inputs, i.e. energy, services, spare
parts, etc. As we have seen in the course of the past few years, though,
the cost of energy and of wares with a close tie-in to the cost of energy
(such as chemical fertilizers) has been increasing more rapidly than, say,
the national wage index of most countries. Also, discrepancies can always
be expected to be particularly pronounced in countries where the state
intervenes in the price structure. Thus, if the economic efficiency of a
particular system is to be projected with any real degree of accuracy, the
price-increase rates for each individual product must be taken into account.

Basically, the annuities method converts the investment into fixed annual
costs suitable for direct comparison with the annual benefits.

AN = B - C - I0 CR (i,T) or

AN = R - ANI

where

AN = annuity, i.e. the annual gain, calculated for the firstAN = annuity, i.e. the annual gain, calculated for the firstAN = annuity, i.e. the annual gain, calculated for the firstAN = annuity, i.e. the annual gain, calculated for the first
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year year year year (year 0)(year 0)(year 0)(year 0) 
ANI= annuity of the investment
B = annual benefits (savings and/or returns onB = annual benefits (savings and/or returns onB = annual benefits (savings and/or returns onB = annual benefits (savings and/or returns on
investment), calculated investment), calculated investment), calculated investment), calculated for the year 0for the year 0for the year 0for the year 0 
C = annual costs, calculated for the year 0C = annual costs, calculated for the year 0C = annual costs, calculated for the year 0C = annual costs, calculated for the year 0 
R = annual reflux (R = B - C)
I0 = total initial investment volume, calculated for the yearI0 = total initial investment volume, calculated for the yearI0 = total initial investment volume, calculated for the yearI0 = total initial investment volume, calculated for the year
0000 
CR = capital recovery factorCR = capital recovery factorCR = capital recovery factorCR = capital recovery factor
i = assumed interest rate (discount rate)i = assumed interest rate (discount rate)i = assumed interest rate (discount rate)i = assumed interest rate (discount rate) 
T = projected service life or time required for amortization of the
investment

Annuity (AN)Annuity (AN)Annuity (AN)Annuity (AN)

The purpose of the annuities calculation is to convert all net payments in
connection with an investment project to a series of uniform annual
payments - the so-called annuities. Conversion is effected by multiplying
the individual payments by the capital recovery factor CF.

AN = ANR - ANI
AnI = I0 CR (i, T)
ANR= R for constant annual benefits
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As long as the annuity AN is positive, the project may be regarded as
profitable in absolute terms under the postulated conditions. If it is
negative, the project must be regarded as unprofitable. The annuity can be
equated with the anticipated mean annual profit/loss. It is calculated for the
year 0, i.e. the year in which the investment is undertaken.

Annual benefits (B)Annual benefits (B)Annual benefits (B)Annual benefits (B)

The annual benefits comprise the monetarily evaluable returns, savings,
etc. yielded by the investment. These may derive from:

Power generation
Naturally, only the net energy gain can be counted, i.e. the process
energy fraction (for agitators, pumps, heating, and any outside energy
input) must be subtracted from the total gas yield. If the generated
power is sold, the returns are included in the calculation. Any energy
used to replace previous outside energy inputs counts as savings.

The substitution of digested sludge for chemical fertilizers can often
yield savings in developing countries, where in the past, much of the
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material used as substrate has so far not been used as fertilizer.
Accurate monetary evaluation is difficult, because the fertilizing effect
of digested sludge is substantially influenced by the type of storage,
the climate, the techniques employed in spreading the sludge and
working it into the soil, etc.

Savings attributable to the superior properties of digested sludge:
These may result from the improved fertilizing effect of the sludge, its
hygienization, reduced odor nuisance, and more advantageous
handling properties such as reduced viscosity, improved homogeneity,
etc. However, it is normally quite difficult to attach a monetary value to
such benefits. Legal regulations pertaining, for example, to reducing
odors or improving hygiene can be of decisive influence.

Annual costs (C)Annual costs (C)Annual costs (C)Annual costs (C)

The current annual costs are made up of the expenses incurred for:

maintenance and repair,
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plant operation,

inspection fees. etc..

system attendance.

Most such items can only be estimated, whereby 1 - 3 % of the investment
volume is generally accepted as rule-of-thumb quota for maintenance and
repair. For simple biogas systems in developing countries, the percentage
is usually somewhat lower, though it could be even higher for the more
complicated types of systems used in industrialized countries.

Operating costs are largely attributable to the depletion of consumables
(such as desulfurizer cleaning agents) and to outside energy requirements,
e.g. electricity for running agitators and mixers.

Inspection fees usually arise in connection with pressurized biogas
systems. (According to German standards, a system is defined as
pressurized if it operates on an internal pressure of 1.1 bar, = 0.1 bar
gage, or more.)

Expenses in connection with system attendance by the owner-operator
himself or by his employees should usually be taken into account, whereby
the hourly wage and time expenditure are subject to wide variance.
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Total investment volume (I0)Total investment volume (I0)Total investment volume (I0)Total investment volume (I0)

The total investment volume includes the capital outlay for:

the digester, including agitating, mixing and heating equipment,

gas storage and safety provisions,

gas usage, including integration into existing systems,

linkage between the biogas system and the farm estate, i.e. Iiquid-
manure and gas lines, structural alterations on stabling structures, etc,

planning, construction supervision, licensing fees, etc.

Reinvestment costs for the replacement of individual components (pumps,
floating gas holder, etc.) with service lives that expire prior to the end of
the projected system service life T must be included in the total investment
volume. For the purposes of this simplified approach, the cost of such
reinvestments may be quoted for the year 0:

I = I0 + I1 + I2 + ....

where
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I = total investment volume
I0 = initial investment volume
I1, I2, .... = reinvestments

Capital recovery factor (CR)Capital recovery factor (CR)Capital recovery factor (CR)Capital recovery factor (CR)

CR accounts for the cost of financing a project for which the investment
volume has to be raised by way of loans (interest, compound interest) . If
the capital outlay is covered by cash funds, CR is used to account for
ceasing gain in the form of lost interest and compound interest on assets.

CR is calculated according to the formula:

CR (i,t) = (qt (q-1)) / (qt-1) = ((1+i)t i) / ((1+i)t - 1)

where

q = 1+i
i = assumed interest rate in percent
t = time in years
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Assumed interest rate (i)Assumed interest rate (i)Assumed interest rate (i)Assumed interest rate (i)

The assumed interest rate must be determined with due regard to specific
individual conditions. In this context, the assumed interest rate is defined
as a real interest rate, i.e. after adjustment for inflation. In the case of
cash outlay, the real interest rate would equal the rate of interest that the
capital would have borne on the money market. Accordingly, the assumed
interest rate is equal to the current mean debt interest rate demanded by
the bank for the loan capital, when the entire project is financed with
borrowed money. Moreover, money costs in the form of bank service
charges, the owner's own administrative overhead, etc. must also be
included. Since, however, most projects involve a certain degree of mixed
financing, the assumed interest rate will take on a value located
somewhere between the debt interest rate and the credit-interest rate,
depending on the case situation. (Note: All rates adjusted for inflation!).
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The Benefits for Biogas Users

Individual households judge the profitability of biogas plants primarily from
the monetary surplus gained from utilizing biogas and bio-fertilizer in
relation to the cost of the plants. The following effects, to be documented
and provided with a monetary value, should be listed as benefits:

expenditure saved by the substitution of other energy sourcessubstitution of other energy sourcessubstitution of other energy sourcessubstitution of other energy sources with
biogas. If applicable, income from the sale of biogas;

expenditure saved by the substitution of mineral fertilizers with bio-

18/10/2011 AT Information - Biogas Digest: The an…

D:/cd3wddvd/NoExe/…/meister.htm 10/88



fertilizer. Increased yield by using bio-fertilizerusing bio-fertilizerusing bio-fertilizerusing bio-fertilizer. If applicable, income
from the sale of bio-fertilizer;

savings in the cost of disposalcost of disposalcost of disposalcost of disposal and treatment of substrates (mainly
for waste-water treatment);

time savedtime savedtime savedtime saved for collecting and preparing previously used fuel materials
(if applicable), time saved for work in the stable and for spreading
manure (if this time can be used to generate income).

Monetarizing individual benefits

The economic evaluation of the individual benefits of biogas plants is
relatively simple if the users cover their energy and fertilizer demands
commercially. In general, the monetary benefits from biogas plants for
enterprises and institutions as well as from plants for well-to-do
households should be quite reliably calculable. These groups normally
purchase commercial fuels e.g. oil, gas and coal as well as mineral
fertilizers. In industrialized countries, it is common practice to feed surplus
electric energy, produced by biogas-driven generators, in the grid. Biogas
slurry is a marketable product and the infrastructure allows it's transport at
reasonable cost. Furthermore, treatment of waste and waste water is
strictly regulated by law, causing communes, companies and farmers
expenses which, if reduced with the help of biogas technology, are directly
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calculable benefits.

In contrast, small farmers in developing countries collect and use mostly
traditional fuels and fertilizers like wood, harvest residues and cow dung.
No direct monetary savings can be attributed to the use of biogas and bio-
fertilizer. The monetary value of biogas has to be calculated through the
time saved for collecting fuel, the monetary value for bio-fertilizer through
the expected increase in crop yields.

Both in theory and in practice, this is problematic. In practice, a farmer
would not value time for fuel collection very highly as it is often done by
children or by somebody with low or no opportunity costs for his/her labor.
In theory, it is difficult to define the value of unskilled labor. Similarly, the
improved fertilizing value of biogas slurry will not be accepted by most
farmers as a basis for cost-benefit analysis. They tend to judge the quality
of slurry when counting the bags after harvest. Because a monetary
calculation is not the only factor featuring in the decision to construct and
operate a biogas plant, other factors come in which are less tangible:
convenience, comfort, status, security of supply and others that could be
subsumed under 'life quality'.

Acceptance by the target groupAcceptance by the target groupAcceptance by the target groupAcceptance by the target group

Besides the willingness and ability to invest considerable funds in biogas
technology, there is a complex process of decision making involved when
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moving from traditional practices to a 'modern' way of producing fertilizer
and acquiring energy. Hopes and fears, expected reactions from the
society, previous experiences with modern technology, all these feature in
a decision. For a biogas program, it is important to realize that economic
considerations are only part of the deciding factors in favor or against
biogas technology. All these factors can be subsumed under acceptance.

Acceptance is not a collection of irrational, economically unjustifiable pros
and cons that a biogas extension project is called upon to dissolve. Rural
households, as a rule, take rational decisions. But rural households and
biogas programs often have information deficits that lead to non-
acceptance of biogas technology by the target groups. Bridging this
information gap from the farmer to the project and vice versa is a
precondition for demonstrating the economic viability in a way that is
understandable, relevant and acceptable to the farmer.

Energy

The main problem in the economic evaluation is to allocate a suitable
monetary value to the non-commercial fuels which have so far no market
prices. For the majority of rural households biogas is primarily a means of
supplying energy for daily cooking and for lighting. They use mainly
firewood, dried cow dung and harvest residues as fuel. But even if the
particular household does not purchase the required traditional fuel, it's
value can be calculated with the help of fuel prices on the local market.

18/10/2011 AT Information - Biogas Digest: The an…

D:/cd3wddvd/NoExe/…/meister.htm 13/88



Theoretically, the firewood collector of the family could sell the amount that
is no longer needed in the household

As an example, the rural households in India use the following quantities of
non-commercial fuel per capita daily:

- firewood: 0.62 kg
- dried cow dung: 0.34 kg
- harvest residues: 0.20 kg

For rural households in the People's Republic of China the daily
consumption of firewood is similar: between 0.55 - 0.83 kg per person.

Which sources of energy have been used so far and to what extent they
can be replaced must be determined for the economic evaluation of biogas
by means of calorific value relations. The monetary benefits of biogas
depend mainly on how far commercial fuels can be replaced and their
respective price on the market.

1 m3 Biogas (approx. 6 kWh/m3) is equivalent to:

Diesel, Kerosene (approx. 12 kWh/kg) 0.5 kg

Wood (approx. 4.5 kWh/kg) 1.3 kg
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Cow dung (approx. 5 kWh/kg dry matter) 1.2 kg

Plant residues (approx. 4.5 kWh/kg d.m.) 1.3 kg

Hard coal (approx. 8.5 kWh/kg) 0.7 kg

City gas (approx. 5.3 kWh/m3) 1.1 m3

Propane (approx. 25 kWh/m3) 0.24 m3

Bio-fertilizer

Improvement in quality of farmyard manureImprovement in quality of farmyard manureImprovement in quality of farmyard manureImprovement in quality of farmyard manure

If and to which extent biogas slurry can be monetarized as benefit,
depends largely on the previous use of the substrate to be digested. The
more wasteful the present method of utilizing farmyard manure is, the
easier it is to monetarize benefits. In most traditional systems, for
example, the urine of livestock is not collected as manure. Often, the dung
and fodder residues are heaped in the open, leading to heavy losses of
minerals through sun radiation and wash-out by rain. The following seven
steps can lead to an approximate assessment of the monetary value of
bio-fertilizer:
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1. Assess quantities (tons dry matter) of farmyard manure which
reaches the fields per year.

2. Analyze a cross section of the farmyard manure for plant macro-
nutrients (N, P, K) per kg dry matter shortly before the manure is
spread on the field.

3. Calculate the amount of NPK which is available for the farm from
'traditional' farmyard manure.

4. Assess quantities of biogas slurry (tons of dry matter) to be expected
with the given numbers of livestock, amounts of plant residues to be
digested and numbers of persons using the latrine attached to the
biogas plant.

5. Analyze the biogas slurry of a comparable biogas owners nearby for
plant macro-nutrients (N, P, K) per kg dry matter.

6. Calculate the amount of NPK which would be available on the farm
through commercial slurry.

7. To value the monetary difference in NPK availability, the most
commonly used fertilizer in the area should be chosen which can close
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the nutrient gap. If compost or other organic fertilizers are traded,
they should be given preference (and a nutrient analysis undertaken
beforehand).

The analysis above is obviously a method which cannot be employed for
every potential biogas user as it is expensive and time-consuming. A
biogas program would analyze the monetary value of bio-fertilizer
exemplary for a number of cases and approximate others on this basis.
This method, however, is superior to judging increased crop yields with the
help of bio-fertilizer. Crop yields depend on a multitude of factors, the
fertilizer being only one of many.

Depending on the topography, distributing slurry can save labor or add to
the labor demand. The additional time needed or savings in time must
feature in the calculation. In some cases, it is not possible to spread the
slurry in liquid form, it has to be dried or composted first. In this case, NPK
contents have to be measured in the compost or dried slurry and labor for
composting or drying recorded.

Increased yieldIncreased yieldIncreased yieldIncreased yield

Biogas programs, however, should not neglect the argument of improved
yields. Increases in agricultural production as a result of the use of bio-
fertilizer of 6 - 10 % and in some cases of up to 20 % have been reported.
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Although improved yields through biogas slurry are difficult to capture in a
stringent economic calculation, for demonstration and farmer-to-farmer
extension they are very effective. Farmers should be encouraged to record
harvests on their plots, before and after the introduction of biogas.

Statements of farmers like: "Since I use biogas slurry, I can harvest two
bags of maize more on this plot" may not convince economists, but they
are well understood by farmers.

Saved disposal cost as benefit

Saving disposal cost as a benefit of a biogas system applies mainly in
countries where the disposal of waste and waste water is regulated by law
and where disposal opportunities exist. In industrialized countries, these
costs are known and calculable.

In developing countries, industrial waste or waste from large agricultural
enterprises are being taken increasingly serious. But often it is only after
creating a conflict with local authorities or the local population, that the
management is forced to consider proper waste disposal. The cost of
continued conflict may be high and go as far as a forced closure of the
enterprise. The entrepreneur will search for the cheapest acceptable
solution to treat the waste. Taking the energy generation of anaerobic
digestion into account, biogas technology may indeed offer the most
economic solution.
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In rural households, human feces are collected in pit latrines. Once the pit
latrines are full, they are filled with soil and a new pit is dug. Normally, this
happens every two years. Excavation costs and costs for shifting or
casting the slab can be saved and calculated as benefit. If a septic tank is
used, the emptying cost can be counted as benefit. The saved construction
cost of the septic tank can only be counted as benefit, if the toilet
connection to the inlet of a biogas digester competes with the construction
of a septic tank, i.e. the septic tank has not been built yet.

Time consumption

A critical shortage of energy, primarily of firewood, is reflected less in the
market prices than in the time the households - especially women and
children - need to collect fuelwood. The time commonly spent for collection
varies from several hours per week to several hours per day. In some
areas of Africa and Asia, firewood collection is the single most time
consuming activity for a housewife. The open fire has to be attended
almost permanently, in particular if low grade fuels like cow-dung or straw
is burnt. Additional work is caused by the soot of an open fire - clean,
shiny pots are a status symbol in many cultures. Compared to this, the
time needed to operate a biogas plant is normally low so that in most
cases a considerable net saving can be realized.

A financial evaluation of this time-saving is not easy. If the additional time
can be used for productive purposes, the wages or the value of the
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contribution to production can be calculated. Frequently there are - in the
short run - no suitable employment opportunities for women or children. To
come to a proxy value of the saved time either the value of the collected
firewood or the most likely employment opportunity can be employed for
calculation.

Even if there is no income generating utilization of time saved there is a
benefit to the individual and the household which could provide a convincing
argument. The utilization of biogas saves time but also makes cooking
more comfortable in comparison to the traditional methods, smoke and
soot no longer pollute the kitchen. Especially in the morning rush, a biogas
flame is much easier to start than an open fire. Again, it is a question of life
quality, something which cannot be valued in monetary terms, but for which
people are willing to pay.
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Biogas - Costs and Benefits

Economy and Financing

Techno-economic assessmentTechno-economic assessmentTechno-economic assessmentTechno-economic assessment

Before a biogas plant is built or a biogas program is implemented, a
techno-economic assessment should be made. For this, two sets of cost-
benefit analyses have to be carried out:

The macro-economic analysis (economic macro-economic analysis (economic macro-economic analysis (economic macro-economic analysis (economic analysis)analysis)analysis)analysis) which

compares the costs of a biogas program and the benefits for the

country or the society.
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The micro-economic analysis (financial micro-economic analysis (financial micro-economic analysis (financial micro-economic analysis (financial analysis)analysis)analysis)analysis) which judges

the profitability of a biogas unit from the point of view of the

user.

In judging the economic viability of biogas programs and -units the
objectives of each decision-maker are of importance. Biogas programs
(macro-level) and biogas units (micro-level) can serve the following
purposes:

the production of energy at low cost (mainly micro-level);

a crop increase in agriculture by the production of bio-fertilizer (micro-
level);

the improvement of sanitation and hygiene (micro and macro level);

the conservation of tree and forest reserves and a reduction in soil
erosion (mainly macro-level);

an improvement in the conditions of members of poorer levels of the
population (mainly macro-level);
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a saving in foreign exchange (macro-level);

provision of skills enhancement and employment for rural areas
(macro-level).

Comparison with other alternativesComparison with other alternativesComparison with other alternativesComparison with other alternatives

After selecting objectives and counterchecking if biogas technology can
fulfill the objectives at an acceptable cost-benefit ratio, it is still not certain,
that expenses are invested in the best possible way. For this, a
comparison with other alternatives to biogas programs and biogas plants is
necessary. The expected cost and benefits are to be shown in the form of
suitable investment criteria to allow statements regarding the economic
advantage of the project. Often, alternatives to biogas have only a 'benefit-
overlap' with biogas and several alternatives have to be combined to
'produce' the same quantity and quality of benefits.

On the other hand, alternatives to biogas programs may have benefits that
a biogas program cannot deliver. Afforestation programs, for example,
deliver energy and soil protection, but also building material.

Apart from the viability of the project, its financial effects on the decision-
makers and the parties it touches financially are important: are a certain
group of farmers able to invest in a long-term project like biogas
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generation? The cost per m3 of biogas and the cost for the same amount
of alternative energy forms the basis for most economic comparisons.

Considering development tendenciesConsidering development tendenciesConsidering development tendenciesConsidering development tendencies

The economic analysis should not only be limited to the initial period of
operation of a biogas plant. Development tendencies should also be
considered which influence the amount and structure of the costs and
benefits set against the economic lifetime of the plant. Here, special
attention should be paid to the development in supply from other sources
of energy which compete with biogas. The national economic development
of the country in question features in as well. If import substitution to save
foreign currency is one of the primary objectives, biogas energy and
biogas fertilizer may be valued highly. If a stronger world market
integration is envisaged energy and fertilizer from biogas has to compete
directly with internationally traded energy and fertilizers.

Economic evaluation of a biogas plantEconomic evaluation of a biogas plantEconomic evaluation of a biogas plantEconomic evaluation of a biogas plant

The benefits for individual households The benefits for individual households The benefits for individual households The benefits for individual households (biogas, biodung, etc.)(biogas, biodung, etc.)(biogas, biodung, etc.)(biogas, biodung, etc.)

Costs of a biogas plant (production, Costs of a biogas plant (production, Costs of a biogas plant (production, Costs of a biogas plant (production, running and capital costs)running and capital costs)running and capital costs)running and capital costs)
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Cost benefit relationCost benefit relationCost benefit relationCost benefit relation

Macro-economic evaluation (ecological Macro-economic evaluation (ecological Macro-economic evaluation (ecological Macro-economic evaluation (ecological and social effects, etc.)and social effects, etc.)and social effects, etc.)and social effects, etc.)

Financing and public supportFinancing and public supportFinancing and public supportFinancing and public support

Social policies

Biogas technology not only supports national economies and the
environmental protection, but as its main outcome for the local population it
provides for a wide range of improvements in overall living conditions.
Sanitary and health conditionsSanitary and health conditionsSanitary and health conditionsSanitary and health conditions improve and the quality of nutritionquality of nutritionquality of nutritionquality of nutrition is
enhanced by an improved energy availability. Through the provision of
lighting and the reduction of time-consuming fuel gathering cultural andcultural andcultural andcultural and
educational activitieseducational activitieseducational activitieseducational activities are supported.

Employment, professional qualification and overall food supplyEmployment, professional qualification and overall food supplyEmployment, professional qualification and overall food supplyEmployment, professional qualification and overall food supply of
the local population can be improved as well. But biogas technology can
also contribute to an accentuation of existing differences in family incomeincomeincomeincome
and propertyand propertyand propertyand property. Establishing community-level biogas systems is a way to
ensure that the technology benefits a greater number of residents.

If social policies of a developing country are clearly focusing on poverty
alleviation, biogas technology may not be the first choice among other
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"village technologies". It's place is shifting rather towards the rural
agricultural middle class, communities (for waste water treatment) and
industries.

Benefits for the environment

For many years the rational behind using biogas technology (or anaerobic
technology) was the search for renewable sources of energy. In the
meantime, other environmental protection aspects gain additional
importance: A technology which previously just filled a "niche" is now
becoming a key environmental technology for integrated, solid and liquid
waste treatment concepts and climate protectionclimate protectionclimate protectionclimate protection both in industrialized
and developing countries. Biogas technology is linked to the atmospheric
budgets of many greenhouse gasesgreenhouse gasesgreenhouse gasesgreenhouse gases. Another major environmental target
is the mitigation of deforestation and soil erosion through the substitution of
firewood as an energy source. The macro-economic benefitsmacro-economic benefitsmacro-economic benefitsmacro-economic benefits from
biogas use in this field should be approached within the scope of the
specific condition in the household energy sector and possible alternative
protection measures.
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Cost benefit relation (investment calculation, sensitivity analysis)

Methods

As soon as the cost and benefit of a biogas plant in plan can be expected,
collected and analysed, and as soon as a rate of interest for the
calculation is determined it can be worked out with the assistance of a
dynamic investment calculation if the plant is economical or not. Where
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there are several alternatives relative advantage can be ascertained.
There are three generally accepted methods for this:

the capital value or discounting method

the internal rate of interest method

the annuity methodthe annuity methodthe annuity methodthe annuity method

These methods are principally equivalent. The selection is effected
according to the purpose and plausibility, e.g. distinctness of each
advantage key. In practice the discounting method is used most frequently.
According to this method the cost and benefit of different periods of time
are concentrated onto one point in time, normally the current value or cash
value, discounted and so made comparable. When comparing alternatives
with different economic lifetimes and investment costs the annuity method
is especially suitable. For the calculation of user fees the annuity method
should be used. According to this method the non-recurring and aperiodical
investment costs are converted into equal constant annual amounts for the
economic lifetime of the plant and related to the quantity of gas distributed.
This occurs by means of a capital return factor which states the annual
amount of depreciation an interest which has to be used at the end of each
year during n years to regain the original capital with interest and
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compound interest.

Difficulties

In order to avoid misinterpretations the basic weakness of efficiency
calculations from a micro as well as macro-economic point of view have to
be pointed out. For reasons of operational ability these calculations
extensively comprise monetary effects. This means that cost and benefit
are only determined with a view to monetary aims. There are, then,
'intangible' aims and thus, 'intangible' cost and benefit for which a final
valuation lies within the judgement of the decisionmaker.

Further difficulties arise with the uncertainties combined with the
determining of most of the basic influencing factors involved in the
economic and financial profitability of biogas plants. To pinpoint the
importance of possible fluctuations of any exceptions or data for the
profitability calculated, sensitivity analyses should be carried out. The
extent of any effects on the result of the profitability calculation should be
investigated especially for the following factors:

available quantity of substrates

expected gas production, especially the reduction for colder seasons

the proportion of effectively utilizable gas production on total
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production

type and quantity of replaceable fuels

price of the fuels replaced (also in time-lapse)

type and quantity of the replaced mineral fertilizer

price of the mineral fertilizer (also in time-lapse)

extent of the increase in agricultural production as a result of biodung

economic lifetime of the plant, respectively its most important
components

rate of interest for capital invested

amount and development of the running costs

Observation of the development

It would be practical to observe the development of the most important
determinants in the profitability over a period of time and compare them
now and again with the assumptions made at the planning stage. A year
after being taken into operation the plant should be subjected to a renewed
assessment concerning the economic advantage and the financial
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productivity.

Further reading:

H. Finck, G. Oelert: A guide to the financial Evaluation of Investment
projects in energy supply. GTZ No/63.
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Costs of a Biogas Plant

Exact estimations for the construction and operation of biogas plants serve
the following purposes:

to compare the costs of alternative models (optimal project

selection)

for the information of the users as far as future financial

burdens are concerned

the calculation of financing needs including public subsidies

(budget planning)

Categories of costs

As far as costs are concerned there are three major categories:
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manufacturing or acquisition costs manufacturing or acquisition costs manufacturing or acquisition costs manufacturing or acquisition costs (production costs)(production costs)(production costs)(production costs)

operation and maintenance costs (running operation and maintenance costs (running operation and maintenance costs (running operation and maintenance costs (running costs)costs)costs)costs)

capital costscapital costscapital costscapital costs

Production costsProduction costsProduction costsProduction costs

The production costs include all expenses and lost income which are
necessary for the erection of the plant e.g.: the land, excavation-work,
construction of the digester and gas-holder, the piping system, the gas
utilization system, the dung storage system and other buildings. The
construction costs comprise wages and material.

The production costs of biogas plants are determined by the following
factors:

purchasing costs or opportunity costs for land which is needed for the
biogas plant and slurry storage;

model of the biogas plant;

size and dimensioning of the biogas unit
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amount and prices of material

labor input and wages

the degree of participation of the future biogas user and his
opportunity costs for labor.

Total costsTotal costsTotal costsTotal costs

To gain a rough idea of the typical costs of a simple, unheated biogas
plant, the following figures can be used: total cost for a biogas plant,
including all essential installations but not including land, is between 50-75
US Dollar per m3 capacity. 35 - 40% of the total costs are for the
digester.

The specific cost of gas production in community plants or large plants is
generally lower compared with small family plants. The cost for the gas
distribution (mainly piping) usually increases with the size of the plant. For
communal plants with several end-users of biogas, the piping costs are
high and compensate the degression by 'economics of size' partly or
wholly. In regions where plant heating is necessary, large-scale plants
would be more economical .
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To keep the construction costs low, labor provided by the future biogas
users is desirable. Often, the whole excavation work is done without hired
labor. On the whole, a reduction of up to 15% of the wages can be
effected by user-labor. If periods of low farm activities are chosen for the
construction of the biogas plant, opportunity costs for labor can be kept
low.

Running costsRunning costsRunning costsRunning costs

The operation and maintenance costs consist of wage and material cost
for:

acquisition (purchase, collection and transportation) of the substrate;

water supply for cleaning the stable and mixing the substrate;

feeding and operating of the plant;

supervision, maintenance and repair of the plant;

storage and disposal of the slurry;

gas distribution and utilization;

administration.
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The running costs of a biogas plant with a professional management are
just as important as the construction costs, for example for operation,
maintenance, expenses for painting, service and repair.

Large-scale biogas plantsLarge-scale biogas plantsLarge-scale biogas plantsLarge-scale biogas plants

Large-scale biogas plants have a high water consumption. Investigations
are necessary, if the water quantity required causes additional costs in the
long run. These could be construction costs for water piping or fees for
public water supply. The question of water rights has to be clarified. Steps
to be taken to cover the demand for water during dry periods require
thorough planning.

Capital costsCapital costsCapital costsCapital costs

Capital costs consist of redemption and interest for the capital taken up to
finance the construction costs. For dynamic cost comparison the capital
fixed in the plant is converted into equal annual amounts (see dynamicdynamicdynamicdynamic
annuity calculation of costsannuity calculation of costsannuity calculation of costsannuity calculation of costs).

Interest rateInterest rateInterest rateInterest rate
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The capital cost, apart from the depreciation rates or length of
amortisation, is dependent on the interest rate at which the capital is
provided. In each case current interest rates are to be laid down for the
cost calculation, which reflect the opportunity costs of the invested capital.
To avoid distortions of the financing costs the comparisons should always
be calculated with the same interest rate.

Lifetime of plantsLifetime of plantsLifetime of plantsLifetime of plants

In calculating the depreciation, the economic life-span of plants can be
taken as 15 years, provided maintenance and repair are carried out
regularly. Certain parts of the plant have to be replaced after 8 - l0 years,
e.g. a steel gas holder. The steel parts need to be repainted every year or
every second year. As a rule, real prices and interest rates should be used
in the calculations. For cost calculation inflation rates are irrelevant as long
as construction costs refer to one point of time. However, in calculating the
cash reserves put aside for servicing and repair the inflation rate must be
considered.

Average costs

The cost per cubic meter of digester volume decreases as volume rises.
Therefore, the appropriate size of the biogas plant should be estimated.
For simple, unheated plants in tropical countries, the digester size is
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roughly:

120-fold the quantity of substrate put in daily at average expected
digester temperatures over 25C and

180-fold the quantity of daily feeding for temperature between 20 and
25C.

Since the final method of construction is only determined during the first
years of a biogas project, it is impossible to exactly calculate the building
costs ahead of the actual implementation. The GTZ computer program
called "BioCalc" (produced by BioSystem), can only provide an idea as it
is based on only one type of plant. Consequently, the following system is
sufficient for a rough calculation:

the cost of 6.5 sacks of cement x m3 digester volume plus

the cost of 5 days work for a mason x m3 digester volume plus

the costs of 100 m gas pipes (1/2"), plus

the costs of two ball valves (1/2"), plus

the cost of gas appliances which are feasible for this size.
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The individual prices are to be determined for the project location. The sum
then includes material and wages. The distance from the biogas plant to
the point of gas consumption was assumed as being 25 m (the 100 m
used in the calculation include costs for connectors and wages). Where
greater distances are involved, the cost for gas pipes will have to be
increased in proportion.

HomeHomeHomeHome-immediately access 800+ free online publications.    DownloadDownloadDownloadDownload
CD3WD (680 Megabytes) and distribute it to the 3rd World. CD3WD is a
3rd World Development private-sector initiative, mastered by Software
Developer Alex WeirAlex WeirAlex WeirAlex Weir and hosted by GNUveau_Networks  GNUveau_Networks  GNUveau_Networks  GNUveau_Networks (From globally
distributed organizations, to supercomputers, to a small home server, if it's

Linux, we know it.)

 

18/10/2011 AT Information - Biogas Digest: The an…

D:/cd3wddvd/NoExe/…/meister.htm 39/88



 

Financing and public support

Sources for financing

The cost necessary for the construction of biogas plants frequently
exceeds the means at the disposal of the investor, in other words he
cannot cover them from his regular income or savings. This could also
apply to the larger replacement investments occurring at certain intervals
during the economic lifetime of the plant. Besides the non-recurring i.e. a-
periodical costs, the running costs of the plant have to be borne. This
solvency outflow however, is set against solvency inflow in the form of
regular revenue. A solvency analysis can show how far the net solvency
outflow has to be financed and how much scope there will be from net
solvency inflow. Usually the construction and operation of biogas plants
involve a demand for financial means which can only be covered by
borrowed capital. In general the following can be seen as sources:

Grants and credits from institutes for economic aid

Means from the national budget of the developing country

(public supportpublic supportpublic supportpublic support)
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Credits from national (developing) banks

Resources of the project initiator

Fees/contributions from the user

The various sources have to be individually examined for their ability to
provide the means.

Running, maintenance and repair costs

The financing of investments and of the operation of the plant should be
clearly settled at the preplanning stage. It has to be ensured that the quota
derived from public funds is firmly planned in the budget. Special attention
has to be paid to the question of how the running, maintenance and repair
costs can be financed. Means for servicing and repairing are of essential
importance and have to be available in sufficient quantity and in good time
in order to make full use of the possible lifetime of the plant and also to
insure the confidence of the user in the reliability of the plant.

Financing by credit
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When financing by credit the questions of liability and debt provisions
should be clarified. The borrower should always be able to bear the
possible risk or be immune to this risk by having state credit guarantees.
The debt provisions should be worked out so that they conform to the
development of cost and yield. Credit repayment terms are frequently
much shorter than the lifetime of a project e.g. 5 years compared to 15 -
20 years. The bringing up of capital often becomes an invincible barrier for
the investor.

State support

When the profitability of biogas plants are negative on a private scale, but
on a national scale lead to positive results, state support measures are
required.

On principle the following can be seen as starting points for the distribution
of biogas plants to such an extent that would make them macro-
economically feasible and socio-politically desirable:

the creation or alteration of structural conditions for individual

investment decisions in favour of biogas plants, e.g. more

critical control of firewood consumption and tree-felling,
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regulations concerning the treatment and disposal of substrates

(waste water, faeces)

the subsidising of private and institutional community biogas

plants by means of grants or inexpensive credits

the construction and operation of biogas plants as public utility

enterprises especially as municipal community plants, in

appropriate instances by allocation of appropriated means to the

municipalities.

Families with low incomes

The more plants are extended to families with low incomes, the less can
the costs for construction and operation of the plant be met by
contributions from the users. On village community plants in India providing
energy for the households practical experience has indicated that not even
the running costs can be met by user fees. Consequently, not only the
investment costs but also a proportion of the running costs has to be
covered by general tax revenue. The resolution of the Indian Government
provides a guideline for the extent of public support whereby from case to
case 50 to 100% of the cost for community biogas plants are subsidised.
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Since the implementation of biogas plants necessitates considerable
investment from public funds, sufficient public means for parallel socio-
techno-economic investigations should be provided for, which allow a
suitable feedback to promotion and distribution strategy.
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Global Environmental Benefits of Biogas Technology

With anaerobic digestion, a renewable source of energy is captured, which
has an important climatic twin effect:

1. The use of renewable energy reduces the CO2-emissions through a

reduction of the demand for fossil fuels.

2. At the same time, by capturing uncontrolled methane emissions, the
second most important greenhouse gas is reduced:

1m3 cattle manure = 22,5 m3 biogas = 146 kWh gross = 36 kg CO2-
Emissions

Smaller agricultural units can additionally reduce the use of forest
resources for household energy purposes and thus slow down
deforestation (about 1 ha of forest per rural biogas plant), soil degradation
and resulting natural catastrophes like flooding or desertification.

1 m3 biogas (up to 65% CH4) = 0,5 l fuel oil = 1,6 kg CO2

18/10/2011 AT Information - Biogas Digest: The an…

D:/cd3wddvd/NoExe/…/meister.htm 45/88



1 m3 biogas = 5,5 kg fire wood = 11 kg CO2

When applied for industrial or municipal wastewater treatment, surface
waters and other water resources (rivers, sea, ground and drinking water
resources) are being protected. Often the purified wastewater can be
reused, e.g. as process water in industry or as irrigation water in
agriculture. Costs saved for providing additional water can be directly
translated into benefits.

The introduction, promotion and broad-scale dissemination of anaerobic
technology into agro-industrial, domestic and agricultural sector combined
with efficient power and heat generation or household energy appliances
allows by now an efficient and viable reduction of environmental pollutants.

The impact on the greenhouse effect

The greenhouse effect is caused by gases in the atmosphere (mainly
carbon dioxide CO2) which allow the sun's short wave radiation to reach
the earth surface while they absorb, to a large degree, the long wave heat
radiation from the earth's surface and from the atmosphere. Due to the
"natural greenhouse effect" of the earth's atmosphere the average
temperature on earth is 15C and not minus 18C.
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The increase of the so called greenhouse gases which also include
methane, ozone, nitrous oxide, etc. cause a rise of the earth's
temperature. The World Bank Group expects a rise in sea levels until the
year 2050 of up to 50 cm. Flooding, erosion of the coasts, salinization of
ground water and loss of land are but a few of the consequences
mentioned.

Until now, instruments to reduce the greenhouse effect considered
primarily the reduction of CO2-emissions, due to their high proportion in the
atmosphere. Though other greenhouse gases appear to a smaller extend
in the atmosphere, they cause much more harm to the climate. Methane is
not only the second most important greenhouse gas (it contributes with
20% to the effect while carbon dioxide causes 62%), it has also a 25 times
higher global warming potential compared with carbon dioxide in a time
horizon of 100 years (Table 1Table 1Table 1Table 1).

Relative global warming Relative global warming

Table 1: Relative climatic change potential caused through different
greenhouse gases within a period of 100 years after the emission, data
mass equivalent of CO2 

Source: 'Klimanderung gefhrdet globale Entwicklung'. Enquete-Comission
"Schutz der Erdatmosphre" of German Bundestag, 1992
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Gas potential

20 years after emission

potential

100 years after emission

CH4 63 24,5

N2O 270 320

FCKW12 n. 8.500

CF3Br (Halon

1301)
 5.600

C2F6

(Perflourethan)
 12.500

The reduction of 1 kg methane is equivalent to the reduction of 25 kg CO2.
The reduction of greenhouse gases with a high global warming potential
can be more efficient compared with the reduction of CO2.
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Sources of methane emissions in the agricultural field

The amount of worldwide methane emissions from agricultural production
comprises about 33 % of the global anthropogenic methane release.
Animal husbandry alone comprises 16 %, followed by rice fields with 12 %
and animal manure with 5 % . While methane released through digestion of
ruminants (about 80 Mil t CH4 per year) can rarely be reduced, methane
emissions from animal waste can be captured and energetically used
through anaerobic treatment. The amount of methane emission mainly
depends on fodder, animal type and animal waste systems. For example:
the methane emission potential from dairy cattle in industrialized countries
is about 0,24 m3 CH4/kg volatile solids (influence of fodder), in developing

countries it is only about 0,13 m3 CH4/kg volatile solids. But taking into
account the aerobic condition of solid dung systems (only 5 % of the
methane emission potential is released) it is mainly the liquid waste
management systems which contribute through anaerobic conditions with a
high methane release to the climate change (up to 90 % of the methane
emission potential is released).

From the worldwide 30 Mil t of methane emissions per year generated
from the different animal waste management systems like solid storage,
anaerobic lagoon, liquid/slurry storage, pasture etc. half of the emissions
could be reduced through anaerobic treatment.
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Eastern Europe, Asia and Far East contribute with the highest amount of
6,2 Mil t methane emissions/year each. While in Eastern Europe the
emissions are caused by anaerobic animal waste management system, in
the Far East they are caused by the high numbers of livestock (Figure 1Figure 1Figure 1Figure 1).
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Fig. 1: Methane-emissions from different animal waste

management systems

Source: Cassada M. E., Safley L.M.Jr., 1990: "Global Methane

Emissions from Livestock and Poultry Manure". EPA CX-816200-

010.

Methane reduction potential through the application of biogas

technology
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Through anaerobic treatment of animal waste, respectively through
controlled capture of methane and its energetic use, about 13,24 Mil t
CH4/year can be eliminated worldwide. This figure includes methane
emissions resulting from incomplete burning of dung for cooking purposes.
By replacing dung through biogas, these emissions are avoided. In total
about 4 % of the global anthropogenic methane emissions could be
reduced by biogas technology.

If fossil fuels and firewood is replaced by biogas additional CO2-emissions
can be avoided including a saving of forest resources which are a natural
CO2 sink. Including all these effects about 420 Mil t of CO2-equivalents
are avoidable (Table 2Table 2Table 2Table 2).

  

CO2 Reduction

[Mil t

CO2/year]

13,24 Mil t/year

Table 2: CO2-Reduction through biogas utilization, saving of fossil fuels

and fire wood resources.
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CH4 CO2-equivalent: methane x

25

330,9

Biogas 33.321 m3/year  

Substitution of fossil

fuels
 44,7-52,7

Fire wood savings  4,17 - 73,8

Total  
388 - 449 =
418,5

Reduction potential of nitrous oxide emissions from agriculture

The relative climatic change potential of nitrous oxide is up to 320 times
higher as that of CO2 (Table 1Table 1Table 1Table 1). Nitrous oxide generation is a natural
microbial process. It is produced during nitrification and de-nitrification
processes in soils, stables and animal waste management systems. In
general, nitrous oxides emissions appear in soils without anthropogenic
influence. Fertilizing as well as special conditions during storage can

18/10/2011 AT Information - Biogas Digest: The an…

D:/cd3wddvd/NoExe/…/meister.htm 53/88



immensely increase the emissions.

Little detailed information is available about the reduction potential of
nitrous oxides through anaerobic digestion of animal waste. There is still a
big need for further research. Nevertheless, ongoing research results
indicate that anaerobic digestion of animal waste significantly reduces
nitrous oxide emissions by:

1. avoiding of emissions during storage of animal waste,

2. avoiding of anaerobic conditions in soils,

3. reducing N2O-emissions through increased nitrogen availability for

plants and a faster nitrogen absorption through crop plants,

4. reducing application of inorganic nitrogen fertilizer by which N2O-

emissions are reduced during production of nitrogen fertilizer.

Considering all these effects a N2O-reduction potential through anaerobic
treatment of about 10 % can be assumed. This means that 49.000 t
N2O/year or 15,7 Mil t CO2-equivalents could be reduced on average.

So far, the environmental costs of greenhouse gas emissions have not
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been calculated. One means, proposed by the US administration on the
climate conference in Kyoto, is the introduction of emission rights which
can be traded. In doing so, national economies could attribute a monetary
benefit to the avoidance of greenhouse gas emissions.
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Benefits and Impacts of Biogas Technology

Improvement of sanitary and health conditions

Reduction of the pathogenic capacityReduction of the pathogenic capacityReduction of the pathogenic capacityReduction of the pathogenic capacity

The processing of animal and human excrement in biogas systems
obviously improves sanitary conditions for the plant owners, their families
and the entire village community. The initial pathogenic capacity of the
starting materials is greatly reduced by the fermentation process. Each
new biogas system eliminates the need for one or more
waste/manure/latrine pits, thereby substantially improving the hygiene
conditions in the village concerned. From a medical point of view, the
hygienic elimination of human excrement through the construction of
latrines, connected directly to the biogas systems constitutes an important
additional asset. In addition, noxious odors are avoided, because the
decomposed slurry stored in such pits is odorless.

Reduction of disease transmissionReduction of disease transmissionReduction of disease transmissionReduction of disease transmission

Since biogas slurry does not attract flies or other vermin, the vectors for
contagious diseases, for humans and animals alike, are reduced.
Furthermore, eye infections and respiratory problems, attributable to soot
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and smoke from the burning of dried cow dung and firewood, are
mitigated.

Gastrointestinal diseasesGastrointestinal diseasesGastrointestinal diseasesGastrointestinal diseases

In the rural areas of China and numerous other subtropical countries,
gastrointestinal diseases are the most widespread type of affliction.
Epidemics of schistosomiasis, ancylostomiasis, dysentery and others are
caused by the transmission of pathogens via ova contained in fecal matter.
Contagion is pre-programmed by the farmers themselves when they use
night soil or liquid manure to fertilize their fields. As long as inadequate
sanitary and hygienic conditions prevail, the health of the rural population
will remain threatened. The anaerobic digestion of human, animal and
organic wastes and effluents extensively detoxifies such material by killing
most of the ova and pathogenic bacteria. It is not surprising, that the
widespread popularization of biogas in China has had immediate beneficial
effects on the sanitary conditions of the areas concerned. As soon as the
introduction of biogas technology fully covered an area, no more human,
animal or organic wastes were deposited in the open. This eliminated
some of the main sources of infectious diseases. Schistosomiasis,
previously a widespread, menacing disease in rural China, was reduced by
99% through the introduction of biogas technology. The number of
tapeworm infections has been reduced to 13% of the pre-biogas level.

Economic value of disease reductionEconomic value of disease reductionEconomic value of disease reductionEconomic value of disease reduction
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For the user of biogas technology, health effects are tangible with regards
to the smoke reduction in the kitchen. The reduction of parasitic diseases
can only be felt if the numbers of biogas systems in an area reaches a
critical threshold. Similarly, for a larger entity like village, district or nation,
health impacts of biogas systems do not grow as a linear function of the
numbers of biogas units installed. Biogas subsidies can compete with
expenditures for other forms of health care only, if the funds are
substantial enough to reach a high coverage with biogas units.

As morbidity is, generally, a multi-factor issue, impacts of widespread
biogas dissemination can only be assessed by an ex-post analysis:
expenditures for the treatment of key diseases before and after the
widespread introduction of biogas technology. Analyses of that kind can -
with caution - be used to estimate the value of health benefits in a
comparable region that is targetted for a biogas program.

NutritionNutritionNutritionNutrition

The permanent availability of cooking energy in a household with a well
functioning biogas plant can have effects on nutritional patterns. With easy
access to energy, the number of warm meals may increase. Whole grain
and beans may be cooked longer, increasing their digestibility, especially
for children. Water may be boiled more regularly, thus reducing water-
borne diseases.
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Culture and education

The use of biogas for lighting can lead to profound changes in the way
families integrate in the cultural and educational sectors. Biogas lighting
makes it possible to engage in activities at night such as reading or
attending evening courses. The women and children, of whom it was
previously expected that they gather fuel, now have more free time and
are more likely to attend school. Experience also shows that the use of
biogas systems gives women more time to devote to the upbringing of
their children.

Distribution of income

One possible drawback of the introduction of biogas technology could be
an accentuation of existing differences in family income and property
holdings. Poor tenant farmers could be coerced into selling - or even
delivering free of charge - their own manure supplies to the landlord or
other more prosperous farmers for use in their biogas plants. Obviously,
this would be of great disadvantage with respect to the already low yields
and energy supplies of small and/or tenant farmers.

If the benefits of biogas technology are not to be limited to farmers with a
number of livestock of above four TLUs (Tropical Livestock Units), biogas
programs will have to consider biogas systems that integrate
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neighborhoods or villages, e.g. by building and operating community biogas
systems.

Effects on regional employment

The construction phase of biogas systems provides short-term
employment and income due to the need for excavation, metal-work,
masonry and plumbing. As documented in reports from China, the
construction of biogas systems encourages local industries to manufacture
the requisite building materials and accessories. Practically every district in
question has its own enterprises for the production of cement, lime, bricks,
plastic pipes, T-bars, plugs, stoves, lamps, gas lines, etc. Obviously, the
subsequent operation and maintenance of the finished systems can have
long-term beneficial effects on regional employment and income. Skilled
craftsmen can be recruited not only for construction, but for service and
repair. Community plants require a permanent staff for plant
administration, raw material procurement, plant operation and
maintenance, distribution of the gas yield and disposal of the effluent
sludge.

Improvement of living conditionsImprovement of living conditionsImprovement of living conditionsImprovement of living conditions

For the poor, the main advantage of higher crop yields is that they improve
the family's nutritional basis and reduce the danger of famines. The more
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prosperous farmers can sell their excess crops, thereby increasing their
income. This has a snowball effect in that those farmers subsequently
expand their mode of living and begin to spend more on such things as
household appliances. Consequently, local and/or regional employment and
income also benefit. However, the number of existing biogas systems has
not yet become large enough to allow accurate quantification of the type
and extent of the individual effects.

Rural-urban migrationRural-urban migrationRural-urban migrationRural-urban migration

To the extent that the introduction of biogas technology generates jobs and
higher income while improving living conditions, it may be assumed that
fewer rural inhabitants will be drawn away to urban centers in search of
employment. While, as mentioned above, no accurate quantification is as
yet possible concerning the effects of biogas technology on rural-urban
migration, most Indian experts agree that the available information
indicates a real and noticeable influence. Further investigation is required
for obtaining reliable data on the nature and extent of such effects.

Reducing deforestation as benefit

Well functioning biogas plants can replace the entire consumption of
firewood or charcoal of an individual household by biogas. In macro-
economic cost-benefit analyses the amount of firewood or charcoal saved
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is often directly translated into hectares of forest lost. The monetary
benefit of biogas would then be reflected in re-afforestation costs. This
simplistic approach is questionable for four reasons:

1. Rural populations use, as much as possible, dry firewood. Live trees
are only harvested, if no dead wood is available. But even then,
careful pruning of trees instead of felling may not cause extensive
damage.

2. Afforestation sites or firewood plantations can by no means replace a
natural forest. They can not re-establish the bio-diversity of a natural
forest nor can they provide for the multitude of forest products that
rural populations depend on for their nutritional, medical and other
needs.

3. Between the destruction of a natural forest and the re-establishment
of some form of tree cover lies a time gap with negative, often
irreversible effects on soils, river beds, fauna and flora.

4. Firewood harvesting does not proceed by clear-felling hectare after
hectare. First, dry branches, then dry twigs and leaves are collected.
Then, the first green branches are harvested, followed by the cutting
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of smaller trees. Gradually, a large area is thinned out. Until a certain
minor degree of destruction, natural regeneration is still possible,
provided there is adequate protection. In this case, it is the cost of
protection that determines the value of biogas.

For national or regional planning, however, the reduction of deforestation
and consequent soil erosion is one of the main arguments to allocate public
funds for the dissemination of biogas technology. While a ready-made
formula cannot be offered to calculate the monetary value of biogas in
terms of reducing deforestation, some guiding questions may assist the
planner to realistically assess the profitability of biogas compared to other
environmental interventions.

What part of the household energy needs is covered by green wood?
How much is from forests, how much from sustainable plantations?

What part of the household energy needs of the area in question could
realistically be covered by biogas?

Which interventions of damage-prevention would have similar effects
(e.g. improved stoves, forest protection, firewood plantation, solar
and other alternative technologies, etc.)?
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Biogas

Which interventions of damage repair would have similar effects
(reforestation, erosion control, protection of reforestation sites, etc.)?

How do we value the difference in 'environmental quality' which exists
between a preserved natural forest and an area, once bare of trees
and now replanted with trees?
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Biogas plants constitute a widely disseminated branch of technology
that came into use more than 30 years ago in developing countries.
There are hundreds of thousands of simple biogas plants now in
operation, and each one of them helps to improve the living conditions
of people in rural areas. Biogas systems are an efficient way of
dealing with organic waste, dung and crop residues while making
optimal use of their energetic as well as nutrient content.

In addition to generating renewable energy, biogas systems help to
stimulate ecologically beneficial closed-loop systems in the agricultural
sector while improving soil quality and promoting progress in animal
husbandry and farming.

While the main focus is on biogas systems of simple design, the
technology is nonetheless complex enough to warrant close attention
to its proper application, planning and construction. Only a well-
planned, carefully constructed and properly functioning biogas system
will fulfill its purpose of improving living conditions in rural areas.

You will find useful and detailed information about all aspects of
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BiogasBiogasBiogasBiogas
Costs &Costs &Costs &Costs &
BenefitsBenefitsBenefitsBenefits

biogas plant design and maintainance, biogas appliances, social,
political, economic and ecological framework conditions, planning and
dissemination of biogas systems and last but not least country- and
project-specific information.
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Macro-economic evaluation

Objective

The economic analysis assesses a project in the context of the national
economy rather than of the project sponsor (i.e. private enterprise or a
public authority).This means that government economic policy has to take
into account the effects of a project on the national or regional economy as
a whole.

The decisive difference between the economic analysis and the financial
analysis is the way in which inputs and outputs are valued. The financial
costs of resources, which are expressed by market prices, differ from their
economic values. This is due to the fact that market prices do not reflect
true marginal social costs and thus do not match with the actual value of
consumed scarce economic resources.

Economic effects of biogas plants

When evaluating biogas plants from a macro-economic point of view there
are several reasons why price adjustments in favour of the biogas
technology are required.
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The production of biogas creates external economies. It means that
the biogas production influences the utility function of the consumer
(i.e. better sanitary and hygienic conditions) and the social welfare
function of the society (i.e. reduced health costs). Considering national
wide effects on energy balance, the biogas supply creates external
economies on the balance of payments to the economy (import
substitution of fossil fuels). As well external diseconomies then should
be included, amounting to less income of import duties because of
substitution of traded fuel (i.e. petroleum) by biogas.

Biogas use, replacing conventional fuels like kerosene or firewood,
allows for the conservation of environment. It therefore, increases its
own value by the value of i.e. forest saved or planted.

The price of supplied energy produced by biogas competes with
distorted prices on the national or regional level of the energy market.
Monopolistic practices, which enable energy suppliers to sell their
energy at a price higher than the competition price, still dominate the
energy market in many countries. A decentralized, economically self-
sufficient biogas unit therefore, - under competitive conditions -
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provides its energy without market distortions.

Furthermore, other macro-economic benefits arise when comparing on
the one hand the benefits of decentralized energy generation
(improved power system security) and the disadvantages of
centralized energy generation: incremental costs of investment in
additional networks and the costs of losses on the transmission
network, due to the distance of energy customers, may be added to
the benefits of decentralized energy generation from the macro-
economic point of view.

Labour intensive decentralized biogas units, on the regional level,
improve income distribution amongst income brackets and reduce
regional disparities, enhancing the attractiveness of rural life.

Investors should aim at carrying out the construction of biogas plants
without any imported materials in the long run. The lower the import
content of the total plant costs (i.e. amount of steel), the less the
external diseconomies which may arise in consequence of sliding
exchange rates.
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In a macro-economic level these effects are significant and only unfold
themselves fully if biogas plants are introduced over a wide area i.e. for
closed settlement areas. This refers primarily to biogas plants as an
improvement for inferior sanitary and hygienic conditions for members of
the poorer classes. These are problems which cannot be solved on an
individual basis but only by collective decisions and measures.

How far biogas plants in a definite case are the suitable and advantageous
solution to a problem has to be discovered with reference to alternative
sectoral measures. The macro-economic evaluation needs to account for
effects of benefits within the fields:

Energy and fertilizer supplyEnergy and fertilizer supplyEnergy and fertilizer supplyEnergy and fertilizer supply

EnvironmentEnvironmentEnvironmentEnvironment

Health SectorHealth SectorHealth SectorHealth Sector

Employment and foreign exchangeEmployment and foreign exchangeEmployment and foreign exchangeEmployment and foreign exchange

Energy and slurryEnergy and slurryEnergy and slurryEnergy and slurry

18/10/2011 AT Information - Biogas Digest: The an…

D:/cd3wddvd/NoExe/…/meister.htm 71/88



EnergyEnergyEnergyEnergy

Many developing countries, especially the LLDC base their energy
consumption upon traditional energy sources (wood, plants and crop
residues and animal waste, as well as animal traction and human muscle
power). Biomass energy use varies widely in developing countries from as
little as 5% in Argentina to over 90% of the total supply of energy sources
in countries like Ethiopia, Tanzania, Rwanda, Sudan and Nepal. In the case
of wood, plant and animal waste, according to local necessities, the
energy source is collected and used. Surplus of energy sources are traded
informally on the local and regional level. In so far estimations on the
potential effects of biogas use instead of the use of traditional energy
sources do not have any impact on government`s budget, presuming the
non-existence of taxes on traditional energy sources.

Negative consequences on the income of the local traders may result,
presuming less demand on traditionally traded energy sources, causing a
slump of its prices. On the other side biogas users may continue with
trading of traditional energy sources on more distant markets (or even will
be encouraged to trade on regional levels), not willing to forego secure
earnings.

Consequently, the substitution effect of biogas results primarily in
environmental benefits due to less consumption of i.e. firewood, leading to
less deforestation (under the presumption of a declining or constant price
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of firewood).

Commercially or monetarily traded sources like petroleum, coal and natural
gas on the other hand have impacts on the balance of payments and
therefore influence governmental budgets.

The macro-economic effect of a biogas use by import substitution of i.e.
kerosene is due to decreasing duty income. On the other side petroleum
import dependancy sinks, giving more relative stability to an economy.

Although only less than 10% of a country's commercial energy is
consumed by the rural population (LLDC and in some MSAC), the effects
of biogas use, substituting systems for generation, transmission and
distribution of electricity shall be mentioned.

The macro-economic benefits of a biogas plant result in its self-efficienciy
and reliability (benefits from avoidance of black-outs and supply
interruptions) and in less costs for networks and distribution infrastructure.
On the other side a national wide operating power supplier competes with
a biogas supplier as unserved energy implies by revenue forgone as a
result of non-supplying its customers.

SlurrySlurrySlurrySlurry
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On the assumption that the slurry of the biogas plant is used as fertilizer
and, when spread on the fields, it increases the crop production, that is
more productive than the undigested dung, the economies' benefit amounts
to a higher supply of fertilizer given the same output level of crops.

Moreover, the substitution of commercial fertilizers with slurry produced by
biogas technology reduces the impacts on balance of payments (assuming
a dependence on imports of chemical fertilizers).

The consequence of reliance on digested dung and residues (in a biogas
plant) is that valuable nutrients and organic matter are led back to the soil
in an improved stage, rising agricultural productivity and soil stability
(combating devegetation and desertification). The higher productivity of
crop production results in higher yields, maybe keeping pace with the
increase in population (maybe: because one has to estimate the balance of
populational fluctuations).

EnvironmentEnvironmentEnvironmentEnvironment

Consumption of firewoodConsumption of firewoodConsumption of firewoodConsumption of firewood

Wherever a region is confronted with acute problems of deforestation and
soil erosion resulting from excessive firewood consumption, biogas plants
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can provide a suitable solution. Biogas is able to substitute almost the
complete consumption of firewood in rural households.

Traditionally, woodfuel claims the largest proportion of biomass fuels (in
some regions up to 90%) used in developing countries, where about 40%
of the total wood cut anually is used for domestic purposes (cooking and
heating). Estimating an average per capita consumption of 3 kg of wood
per day for energy (cooking, heating and boiling water) in rural areas in
Asia and Africa, the daily per capita demand of energy equals about 13
kWh which could be covered by about 2 m3 of biogas. A biogas plant
therefore directly saves forest, assuming that not only deadwood is
collected for fuel.

In order to predict the direct monetary savings to an economy, two
procedures are to be carried out:

If the forest has not previously been used economically, shadow pricing
has to be based on the valuation of saved biodiversity, respectively on the
capacity of reducing the effects of global warming.

If the forest has been used economically, several procedures of shadow
pricing can be carried out, like:

Value of saved forest via price of firewood
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Given the price of cut firewood on the local market, the
savings of forest by substitution of biogas can be determined
by multiplication of the number of trees cut, its tree growth
ratio per year and the average price of firewood.

Value of saved forest as an area for nourishment (hunting, collecting
fruits, etc.)

The value of the forest equals the sum of income forgone
from these activities. The correct shadow pricing would be
based on the prices of the goods on the formal consumer
markets (i.e. price of meat).

Value of saved forest as a recreation area

The value of the forest equals the sum of the incomes
obtained by charges for admission to National Parks, Wildlife
Areas, etc.

DeforestationDeforestationDeforestationDeforestation

Without any effective political measures, the problem of deforestation and
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soil erosion will become more and more critical. As the population
increases the consumption of firewood will increase more steeply.

Without biogas the problem of deforestation and soil erosion will steadily
become more critical as firewood consumption rises relative to higher
density of population. The demand for nourishment also rises accordingly,
which means that constant extension of agricultural land increases at the
expense of forested areas.

Deforestation contributes considerably to soil erosion which, in its
advanced state, reduces quantitively and qualitatively the potential of
agricultural land. Finally, this leads to future increases in the cost of food
production. Moreover, the advancing soil erosion increases the frequency
and extent of floods and their disastrous consequences. According to an
Indian estimation, a biogas plant of e.g. 2.8 m3 capacity can save a
forested area of 0.12 ha. In each case it has to be discovered the
contribution of biogas plants to a reduction in land usage and costs for
reforestation or protection of remainig forests.

Health sectorHealth sectorHealth sectorHealth sector

In order to estimate the impacts on the health sector, benefits arise on the
individual level, as well as on the level of the society.
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Biogas plants serve as methods of disposal for waste and sewage and in
this way directly contribute to a better hygienic situation for individual
users. By collecting centrally dung and by connecting latrines, open
storage is avoided. Apart from this, pathogenes are extensively eliminated
during the digestion process. All in all quite an improvement of sanitation
and hygiene is achieved and therefore a biogas plant can contribute to a
higher life expectancy.

In the People's Republic of China this effect became apparent in the
bilharziosis, worm and gastro-disease endangered areas where the
number of people suffering was greatly reduced. Theoretically, a reduction
in the frequency of disease comprises economically a saving in medicine
and consultation costs. Regarding the leakage of health services in rural
areas, another approach to savings is suggested: Labour productivity rises
due to elimination of potential disease-causing agents due to the better
hygiene situation in consequence of biogas plants.

Applied to individual biogas projects, these economic effects cannot be
credited directly to biogas projects in monetary terms, as there are plenty
of influences on the health sector.

If the main goal of a biogas plant is to achieve a higher standard of
hygiene, one possible method of shadow pricing would be the answer to
the question:Which alternative investment in providing the same result of
hygiene equals the positive hygiene results of a biogas plant?. The
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evaluation of sanitary and hygienic effects can be made i.e. by means of
the alternative costs for a purifying plant.

But the incisive doubts of "correct" shadow pricing the benefits in the health
sector remain.

EmploymentEmploymentEmploymentEmployment

During construction of biogas plants unless these are built by the investors
themselves, there are effects on regional/local income and employment
which subsequently continue. Permanent jobs, unless users participate, are
created for the operation personnel and indirect effects result in contracts
with local and regional companies for the service and maintenance of a
plant including the gas-burners in the households and resulting from the
procuring and processing of increased agricultural production. The
utilization of biogas contributes to an enlarged range of energy fuels
offered on the market. In this way the local basis of the energy supply can
be extended and secured, and it also simplifies the setting of additional
commercial activities where the factor energy has so far proved to be a
problem.

Final remarksFinal remarksFinal remarksFinal remarks

Biogas gained by a three-step digestion process (two hydrolysis phases
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followed by one acid phase) containing 60-80 per cent methane and 20-40
per cent carbon dioxide makes it a potencial source of renewable energy.

Given a heating value of about 5,5 kcal/m3, its uses for electricity
generation, as a heat resource, for internal combustion engines, boilers, as
a suplementary fuel for diesel engines or substitution of firewood for
cooking purposes in rural areas are widely reported.

Especially the economic benefits of biogas utilization in selected agro-
industries (palm oil mills, tapioca starch factories and alcohol destilleries)
amount to savings due to electricity generation by biogas, fertilizer savings
and rising productivity in agriculture. Moreover, the environmental benefits
due to substitution of energy sources based on wood (firewood, charcoal)
or on fossil energy sources are outstanding.

To assess correctly the macro-economic benefits of biogas production in
small size biogas plants is a difficult undertaking. Generally, very optimistic
assumptions on positive effects on employment, balance-of-payments and
health sector can cause overwhelming expectations on planning biogas
based energy systems.

Nevertheless, these external economies are substantially influenced by the
quantity and (regional) density of biogas plants, contributing to the
countries' share of energy sources.

18/10/2011 AT Information - Biogas Digest: The an…

D:/cd3wddvd/NoExe/…/meister.htm 80/88



Without any doubt -even if there would be constructed only one biogas
plant in a country - the following valueable assets of biogas use from the
environmental point of view can be determined.

As CO2 generation by burned biogas only amouts to 80 per cent of the
CO2 generation of fired fuel oil (per kWh electrical energy) and is even
more advantageous in relation to coal (about 50 per cent), the
environmental benefits of biogas in relation to fossil fuels are indisputable.

Due to the high cohere efficiency of wood (0.7 kg CO2 per kWh gross
energy), the substitution of the wood based biomasses by biogas rise the
national and global storage capacity of CO2.

Facing more and more the challenging phenomena of global warming and
setting global standards of polluting potentials, environmental external
economies are getting steadily very important issues and may stimulate a
government to start investing in appropriate energy technologies rather
than to follow the conventional way to solve the problem of generating
energy in remote areas by rural electrification based on fossil fuels.

A financially viable and well structured joint implementation concept may
help to generate (financial) facilities to governments in order to invest in
energy generation, based on sustainable energy sources. In how far and
to which partner (of the partnership) the positive effects of the project shall
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be ascribed to, may be determined politically. In the long run each saving
of irretrievable damage of environment helps to saving the world in a
whole.
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Economic Viability (Financial Analysis)
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Objectives, methodology and decision criteria

As soon as the cost and benefit components of a biogas plant in planning
can be quantified, and as soon as other important parameters (time
horizon, interest rate, annual allowances, exchange rates, inflation rates)
are determined, the economic viability of a biogas plant can be calculated.

Typically, the financial analysis of projects points out the financial viability
of investment alternatives.

Three types of questions need to be answered:

1. Which project is the least expensive among an array of options that
produce the same output (least cost analysis)?

2. Which project shows the highest net benefit (benefit minus cost)
among an array of options (cost benefit analysis)?

3. Is a project a financially viable solution to the problem on hand?
(absolute viability, i.e. the question is dealt with whether the

project's revenues are sufficiently high to meet capital cost and
operating cost), and:
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Is a specific project more economical than others? (relative
viability).

Procedure of dynamic approach

Due to the fact that the same amount of a credit or debit can have a very
different value depending on when the transaction takes place, dynamic
analysis differ from the static methods.

The need for a dynamic approach results from the fact that, as the costs
and benefits of each option arise in different years, it is necessary to make
them comparable.

The value which says how much a future or past payment is worth at the
present time is described as its present value (PV).

Example:Example:Example:Example:

Given an investment of a biogas plant of 2000 US$ in two years
(discounting), having paid three years ago 120 US$ for the necessary
landed property (compounding), with a given interest rate of 8%, the PV
is as follows:
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PV = [2000/(1,08)2 + 120*(1,08)3]

It is calculated from its past amount by compounding or from the future
amount by discounting with the aid of a factor which depends on the
interest rate adopted and the length of time between the payment and the
present period.

Investment criteria

The dynamic approach deals with a consideration of benefits and costs
over several years and therefore shall be pointed out more detailed:

Investment criteria are, as follows:

A) Net Present Value (NPV)A) Net Present Value (NPV)A) Net Present Value (NPV)A) Net Present Value (NPV)

The most common investment criteria is the NPV and is defined as follows:

NPV - Net Present Value 
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Ct - Costs in year t 
Bt - Benefits in year t 
k - discount rate 
t - number of years from the present 
n - total number of the years of the analysis period
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