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Abstract—Climate change, mainly caused by increased
greenhouse gases, and reduced fossil fuel reserves, has
launched a more intensive use of renewable energy on a
global scale. One example of application of the renewable
energy is the use of biogas which is produced from livestock
manure at the farmyards. The most important goal of
building a biogas plant is the environment protection. In
addition, it is possible to realize the positive socio-economic
effects, promote rural development and make better use of
human and material resources at the local level. However,
the construction of cogeneration heat and power plant is a
complex technical, organizational and investment venture.
The objective of this paper is to present a feasibility analysis
of biogas power plants for combined heat and power
generation including different aspects such as available
biomass resources, heat and electricity producing,
verification of the requirements for connecting power plant
to the grid, as well as analysis of the economic viability.

Index Terms—Ilivestock manure, biogas, distributed
generators, cogeneration, techno-economic analysis

I.  INTRODUCTION

Climate change, mainly caused by increased
greenhouse gases, and reduce fossil fuel reserves, have
launched a more intensive use of renewable energy on a
global scale. One of them is the use of biogas which is
produced from livestock manure at the farmyards and/or
energy crops. The special significance of the production
and use of biogas is preventing methane gas that
increases the greenhouse effect. Also, the use of biogas as
a fuel, usually produces heat and electricity, and thereby
contributes to achieving objectives. In addition, it is
possible to realize the positive socio-economic effects,
promote rural development and make better use of human
and material resources at the local level.

The Autonomous Province of Vojvodina is an
agricultural region in Serbia, with a high potential of
biomass as a fuel for use in cogeneration [1]-[4]. Despite,
the number of cogeneration plants using biomass of
animal origin in Serbia is negligible. There are more
reasons for that situation but two are the most important.
Firstly, the investors in Serbia do not recognize the
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potential benefits of such facilities in the energetic,
ecological, social and financial terms. The second reason
is the lack of systematic incentives for the investment in
the renewable energy field from the state.

In order to exploit existing potential of eco-energy,
decision makers need an instrument which makes the
effects of application of renewable energy solutions
measurable in their energetic and cost dimensions but
also regarding their ecological impact. The first step in
every investment venture is the feasibility study and the
techno-economic analysis.

The objective of this paper is to present several aspects
of techno-economic analysis of future biogas power
plants for combined heat and power (CHP) in a small
village in the Autonomous Province of Vojvodina. The
verification of the requirements for connection of the
CHP plant to the grid is also presented.

Il. BIOGAS TECHNOLOGY

Biogas occurs in anaerobic microbial process
conditions (without oxygen). Anaerobic bacteria break
down organic matter, and as a product of this process
biogas, heat and the rest of the fermentation are produced.
Biogas is a mixture of gases, the volume of which makes
up about two-thirds of methane (CH4) and one-thirds of
carbon dioxide (CO2). Methane is a combustible gas, and
the goal is its production and use of its energy [5].

During the biogas production, it is important to ensure
stability of anaerobic fermentation process. From the
technical point, stability implies uniform yields of biogas
of approximately equal composition. When considering a
potential substrate for biogas production, their
characteristics which determine the potential for biogas
production, are analyzed. From the standpoint of cost, the
most favorable substrate is farmyard manure, solid or
liquid, since it is most often obtained from its own farm
and is free of charge. Exceptionally, when livestock
manure is obtained from another farm, the transportation
cost should be predicted.

Liquid farmyard manure is made from animal
excrement and transported by pumps and pipelines, Fig. 1.
The dry matter content is up to 10%. If a mat is used, we
get the solid manure, which has a dry matter content of
40%. The water content of manure is very high (68-93%),
which is convenient when manure is combined with other
substrates with higher shares of dry weight, and this is,
for example, corn silage. The nnutrients, except for a
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portion of nitrogen, after fermentation can be found in the
rest of the process, and can be used as fertilizer [5].
P‘F‘-‘“O%/

e = =

7 P
| £ & 4 S ‘4——‘1%
- ’ M: t . g
—r O\ L mowresorge (Rl 5
[ ’

Manure to the fields

) i —
) e BTN
cHP |

ﬂ gi

8|

¥ [
| == I ﬂ

Figure 1. Concept of biogas plant
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Figure 2. Fermentors

The facility in the biogas plant makes the equipment
for storage, handling and preparation of the substrate, the
production and storage of biogas, as well as storage of
fermentation residue, Fig. 2. Electric power part of the
plant consists of gas engines, power generators, heat
exchangers, exhaust system and noise limiter [5], [6].

Mechanical energy produced at the motor shaft is
transmitted to the synchronous generator (for rated power
larger than 100 kW). One third of the input energy is
transformed into mechanical energy, one-third into the
heat, which is transferred to the engine coolant, while
one-third of the energy used include products of
combustion. Efficiency of electricity production (engine
+ generator) is in the range of 30% to 40%. In the same
range is the efficiency of heat production. The combined
production of electricity and thermal energy enables
achieving the utilization factor of 75% to 78% [6].

I1l.  TECHNICAL FEASIBILITY

The first step in the development of the idea of
building a biogas plant is to determine the location of the
installation. A given location should has enough space for
all the components of the plant and there should be
posible to use the existing infrastructure. Besides,
substrate transport costs should be as low as possible and
there should be significant demand of thermal energy.
Finally, the biogas plant should have the least impact on
the environment. Power plant to be built is in the village
Voganj in Vojvodina, covering an area of 7000 ha.

There is a pig farm at the edge of the village, which is
about 4 km from the future biogas plant with capacity of
10000 head per year. There are pools at the farm for
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storing 20000 m® of liquid manure, which reduces the
cost of building the plant. There are ten small family
farms for fattening pigs in the village, with the annual
capacity of 2000 to 2500 animals.

The total number of animals at the farms near the
future power plant, from which it is possible to buy and
transport the liquid manure, is in the range of 30000 to
35000 pigs per annum. Considering that each animal
produces about 3.3 m? of liquid manure, we can calculate
with the amount of 100000 m® of substrate potential. The
size and power of biogas plants primarily depends on the
availability of substrate. One head of cattle provides
liquid manure enough for producing 0.1 kW of electricity
[3]. Since in the radius of 20 km from the future plant
there are 30000 pigs, the potential power of the biogas
plant is 3 MW.

Thermal energy is a byproduct during the production
of electricity. In the future plant, 1000 kW/hour of
electricity and 1000 kW/hour of heat will be producing.
With efficiency of CHP plant 0.78 [6], it is necessary to
provide nearly 2700 kW/h of primary energy input.

In the immediate vicinity of the future plant there are
large consumers of heat such as asphalt plant and silos for
the grain storage. There is also the possibility of
launching greenhouse food production. If we use the
thermal energy from the biogas plant, the cost of
greenhouse vegetable production would be reduced by
about 30%.

Since there is a possibility that the customers will not
spend the entire thermal energy produced, it must be
ensured the way to drain the excess energy. This is
achieved using the system of channels which are in the
immediate vicinity of the CHP plant.

IV. CONNECTION TO THE GRID

In general there are four conditions that are tested
when connecting distributed generators (DG) to the
distribution system, including: short-circuit power,
voltage increase, flickers and higher harmonics [7]. The
last two conditions are related primarily to the DG which
uses the sun and wind as primary fuel energy. On the
other side, when examining the conditions for connecting
the biogas powered DG to the grid, basically we check
the conditions of maximum generator power, in terms of
short circuit in the grid and voltage increase at the
connecting point.

Figure 3. Connecting DG ME "Vogan;j" to the grid
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There is no existing distribution network to the site
where the new biogas plant is planned to be built. As the
connection point to the distribution network, the existing
TS 20/0.4 kV "Katago", which is supplied from the
110/20 kV "Ruma 2" has been selected, Fig. 3.

The verification of fulfilling conditions for connecting
the considered power plant to the 20 kV network will be
performed.

A. Short Circuit Power

The input data for short circuit calculation are given in
the following:

- Subtransient three phase short circuit current of the
transmission network, ls” = 5.84 KA

- The parameters of the power transformer in TS
110/20 kV ,,Ruma 2"

- transmission ratio 110/21 kV/kV,

- indicated apparent power S, = 31.5 MVA,

- short-circuit voltage uy = 15.385 %, and

- indicated copper loss Pcy = 184.1 kW.

The equivalent circuit of the fault loop reduced to 20
kV voltage level, for calculating short-circuit currents, is
presented on Fig. 4. The impedance of the elements
reduced to the 20 kV voltage level are:
is impedance of the 110 kV network,

Z,1a001S Impedance of the transformer 110/20 kV/ kV

inthe TS ,,Ruma 2",

Zs, 1S Impedance of the 20 kV feeder supplying TS
20/0.4 kV ,,Katago",

1, is initial symmetrical fault current, and

U, is rated voltage of the grid.

Based on the standards IEC 781 and IEC 909, the
impedance of the transmission network is calculated
using expression (1):

ZKPZO

7 _cU,  11.110
kP10 =) I J3-584

Reducing the impedance of the transmission network
at 20 kV voltage level is performed by the expression (2):

@)

=1196Q

U’ 21? 2
UZA Lo = 1107 11,96 = 0,43598(2( )

nl10

ZKPZO =

The reactance and resistance of the transmission
network are:

X pzo = 0,955Z o = 0,416Q
Rypao = 01Xy = 0,0416Q @A)

Calculation of the impedance, resistance and reactance
of the power transformer in the 110/20 kV/kV "Ruma 2"
to 20 kV side is done according to the following
expressions (4):

U2, 15385212

= =2,15390
KT207100-S,  100-315 @
4
PUZ, 184,082.10°-21%-10°
Rirazo = cusnz 2= 3157 .10 =0,082Q2

X a0 = \Z 2az0 — Rirso = /215392 —0,0827 = 2.152Q)
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Figure 4. Eequivalent circuit of fault loop
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The resistance and reactance of the 20 kV line are:

Rygz0 = 3.983Q
Xz = 2.334Q

The total fault loop impedance at TS 20/0.42 kV/kV
"Katago", according to the equivalent scheme on Fig. 4 is
given by the expressions (5):

Ryuzo = Ripzo + Ricrazo + Rugao = 0,0416 + 0,082 + 3.983 = 4,106
X w0 = X eono + X crnao + Xvazo = 0,416 + 2,152 + 2,334 = 4,90202 (9)
Zywro = X0+ Riuze = 49022 +4,1067 = 6,390

Initial symmetrical fault current and the three-phase
short circuit power at the 20 kV bus-bar of the
transformer station 20/0.42 kV/kV "Katago" are
calculated according to the standards IEC 781 and IEC
909, using the following expressions:

0 U, 11-20 —199KA

| = =
U J3-Z 36,39
Sksu =~3U, 1%, =~/3-20-10° -1,99-10° = 68,8IMVA

(6)

B. Criteria of Allowed DG Power

Checking the criteria of allowed DG apparent power at
the connection point of the grid is performed according to
the expression (7) [7]:

5, < Sk _ 6881

< =138MVA
50k  50-1

U]

where k=1 for synchronous generators.

Maximum apparent power of DG that can be
connected to the 20 kV bus in TS 20/0.42 kV/kV
"Katago", is 1.38 MVA, which is more than the rated
electric power of the future CHP plant. It can be
concluded that there is a possibility of connecting
considered DG to the 20 kV grid without the harmful
effects in the network.

C. Criteria of Voltage Increase

Now let us check the voltage in the connection point of
DG. Voltage increase at 20 kV bus-bar in TS "Katago"
after connecting DG is calculated using expression (8),

[8]:

AU) =100+ 225 . cos(yr, +po ) <2%  (8)
KsuU
where:
Au(%) is voltage increase in the DG connection point
(%),

Spe Is indicated apparent power of DG,
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v is argument of the network impedance, measured
from the connection point, and
@pe 1S argument of DG loading.

Voltage increase in the connection point must not
exceed 2% of the rated voltage.

Given that the maximum value of the cosine function
is equal to 1, and respecting the apparent power of DG
Syue = IMVA and short circuit power Syeu = 68.81 MVA,

we obtain, from the graph on Figure 5, the amount of 1%
of corresponding voltage increase. Accordingly the
voltage increase condition (8) after connecting considered
DG to the grid is satisfied.

D. DG Connection to the Grid

Since the considered generator produces electricity on
the voltage 0.42 kV, it is necessary to build new TS
20/0.42 kV/kV, 1000 kVA, which will raise the voltage
to 20 kV level. New TS 20/0.42 kV/kV "Voganj" will
plug into the output cell 20 kV at the TS 20/0.42 kV/kV
"Katago" by cable XHE 49A 3x1x150 mm2, 950 m,
Fig. 3
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Figure 5. Voltage increase after connecting DG to the grid

V. PROFITABILITY

The value of investment has a great influence on the
financial evaluation of the project. The value of
investment per kW of the installed power decreases with
increasing size of the cogeneration plant. Price of
cogeneration plant based on "turn key" scheme for 1000
kW CHP unit is 500.000 € [4], [5]. Before starting the
construction of CHP plant, there are additional costs
related to obtaining permits, as well as the cost of
consultancy service amounting to about 90.000 € [4].

Further, there are additional costs that must be taken
into account, such as the procurement and construction of
the TS 20/0.42 kV/kV and the 20 kV cable line, and its
value is around 200.000 €. Finally, the total investment
cost of considered CHP plant is about 1.29 million €.

It is necessary to hire two workers to keep the
production process, whose gross salary per year is about
20.000 €. Furthermore, there is maintenance cost of the
CHP plant about 60.000 € per annum. However, the
largest costs after the CHP construction relating to the
procurement of farmyard manure. Price of the manure per
year is around 300.000 €, including the cost of transport.
The total annual cost of maintenance and electricity
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production of the CHP plant amounts to 380.000 €. In the
following two case studies regarding different financing
scheme will be presented.

Case study 1

In this case the biogas plant is financed from the
investors own funds. This type of financing is currently
the best option in Serbia, since the interest rate is very
high, around 15-20% annually.

The CHP plant will operate eleven months of the year.
One month per year is required for insertion of fresh
substrate in silos, as well as for regular annual
maintenance of the CHP. The CHP plant will operate
4000 h/year, producing around 4 GWh of electricity per
year and the same amount of heat.

In accordance with the Directives of the Government
of the Republic of Serbia, the price of electricity from this
type of the renewable energy sources, accounts for 0.16
€/kWh and it is guaranteed in 12 years period,. That
would make the gross income of 640.000 € per year. By
ssubtracting tax (20 %) and the cost of maintenance and
procurement of fuel, the net earnings annually will
amount to 132.000 €. If the income is realized only by
selling electricity to the Electric Power Industry of Serbia,
the return on investment would come in about 9.8 years.

However, there is an opportunity to earn significant
revenue by selling heat produced in the CHP. To make
large iindustrial customers be interested in purchasing the
thermal energy from the CHP unit, it is necessary to offer
a price that is lower by about 20% from the current price
of district heat, which is 0.05 € / kWh.

By selling all produced heat energy, the CHP plant
owner would realize gross income of 200.000 €/year, or
net 160.000 €/year (regular annual expenses are deducted
from income on the sale of electricity). The rrevenue that
would be realized by selling thermal energy reduces the
repayment period of the CHP plant to 4.4 years. The total
annual revenue that would be realized by selling
electricity and heat would amount to around 300.000 €.
Case study 2

In this case the CHP plant is financed using 15 years
loan with the annually interest rate 7 %. Factor of capital
return CRF for a period of n years and the interest rate i is
calculated according to the expression (9) [6]:

if+i)" _0.070+0.07/°_ 1099 (
+i"-1 @+007f5-1 Fyear

The annual loan repayment A of a capital base K is
calculated according to expression (10):

9)

CRF(i,n)=

A=K -CRF (0,07, 15)=1.290.000-0,1098=141.642Euro vear (10)

The annual operating and maintenance costs of the
CHP plant are therefore:
141.642+380.000 = 521.642 €/year.

The average costs of producing kWh of electricity
from the CHP plant are:

annual costs _ 521.642 ~013 Euro (11)

CkWh= = =0.
annual energy 4.000.000 kWh
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Since the guaranteed price of kWh of electricity is 0.16
€/kWh, the project is cost-effective. Under these
conditions the CHP unit pays back in 4.6 years if both
heat and power are delivered, or in 11 years if only the
electricity is delivered.

VI.

The production and use of biogas have multiple
positive effects from the point of view of environmental
protection, the use of renewable energy, support the
national economy and the development of rural areas.

This paper analyzes bio-energy resources, the
conditions of connecting DG to the grid and the economic
viability of development of biogas CHP in a small village
in Vojvodina, Serbia. Presented methodology can be a
part of the tool which makes the energetic, ecologic and
economic effects of application of biogas powered
cogeneration, measurable.

The cost-benefit analysis has shown that with
reasonable interest rate such a plant pays back in less than
five years if both heat and electricity are delivered, or in
eleven years if it delivers only the electricity. Obviously,
the producing and selling both electricity and heat from
the CHP plant is the most cost effective.

It is expected that the state and provincial gouverments
in Serbia remove all the bariers in the renewables sector
and strongly encourage the development of biogas
technology and the construction of new biogas plants in
Serbia [9], [10]. It is essential that the tariffs for
electricity delivered are in line with the actual costs of
production in order to deliver long-term profitable
operation of the biogas plant. Further, it is necessary to
introduce certain incentives which would encourage
energy efficiency improvement, such as greater use of
waste heat energy, and bonuses for the employment in the
renewable energy sector [11], [12].

CONCLUSION
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