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Abstract: Biogas is generated in largescale biogas plants through a process 
called anaerobic digestion occurring in digesters. The generated biogas is burnt 
in an engine to generate both electricity and heat. Over 50% of the primary 
energy in the biogas is converted into heat. If this heat is not used profitably 
then this implies that the majority of the primary input energy from the biogas 
is lost. Therefore, to make large scale biogas power plants economically 
viable, the waste heat needs to be used economically to generate income so as 
to supplement that obtained from the sale of electricity.  This paper presents an 
investigation of some selected uses of waste heat from biogas power plants. 
Simulation plant models using a simulation software called Cycle Tempo were 
developed. Performance data from three biogas power plants located in 
Northern Germany was collected and analysed and this data then formed the 
input for the simulation plant models used in the analysis. Different 
configurations of the selected uses have been simulated using the simulation 
models depending on the heat quality and quantity of the waste heat. The 
models use climate parameters of warm climate countries (Uganda in 
particular) to arrive at the final results.   

1 Introduction 
Anaerobic digestion is one of the conversion technologies for biomass in 
which organic matter is decomposed by micro-organisms to generate biogas. 
Biogas consists of mainly methane (CH4) (whose percentage content depends 
on the type of organic matter) and carbon dioxide (CO2). It also contains small 
quantities of: Water (H20), Nitrogen (N2), Ammonia (NH3), Oxygen (O2) and 
Hydrogen Sulphide (H2S). This process takes place on a large scale in enclosed 
compartments called fermenters or digesters. Biogas can be used for a number 
of applications that include: providing heat when burnt in a boiler; generation 
of heat and electricity when burnt in a Combined Heat and Power Plant (CHP); 
it can also be reconditioned by removal of CO2 so that the resultant gas is used 
in fuel cells to generate heat and electricity for domestic and industrial 
consumption or for propulsion in vehicles; conditioned gas can also be fed into 
the natural gas grid as bio-methane.   
When biogas is burnt in a CHP plant, both electrical and heat energy are 
generated. On average 10% of the primary energy in the biogas is lost to the 
environment, 35% is converted into electricity and 55% is the usable heat 
(Rutz, 2012). Out of the usable heat, 50 - 60% is released in the exhaust flue 
gases at 80°C to 550°C, 30 - 40% is discharged in the engine cooling water at 
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80°C - 90°C, 1- 3% is released in the engine lubricating oil at 80°C - 90°C and 
3- 5% is lost in form of radiation. If this heat energy is not put to use then over 
55% of the primary energy in the biogas is put to waste which can have 
economic and technical implications. “The energy exhausted to the atmosphere 
is energy that has been paid for and which should not be discarded until the 
last penny of profit has been extracted” (Stecher, 1979) 

Large scale biogas power plants have been built in cold climate countries such 
as Germany. However, little has been done to build similar large scale power 
plants for electricity and heat generation in warm climate countries such as 
those in Sub-Saharan Africa, despite the availability of a lot of biomass 
resources. This could partly be attributed to the fact that they are viewed as not 
being economically feasible or that sufficient information about their operation 
in warm climates is not exactly known. In order to increase their economic 
feasibility, the generated waste heat has to be used for purposes from which 
income can be obtained.  
 

2 Methodology 
2.1 Waste Heat Recovery   

Waste Heat is heat generated in a process but then dumped to the environment 
even though it could still be re-used for useful and profitable purposes 
(Stecher, 1979). In order to use waste heat, two factors have to be known 
about it; heat quality and heat quantity. Heat quality is the measure of the 
usefulness of a given heat stream based on its temperature. Heat quality 
characterises the usefulness of a given heat stream based on the temperature at 
which the heat is given off. Different applications need heat of different 
qualities. For example: hot water supply and residential heating needs 50 - 
80°C, drying of agricultural products needs 60 - 150°C, Organic Rankine 
Cycle (ORC) machines need 60 - 560 °C (Rutz, 2012). The temperature of the 
heat source needs to always be higher than the sink. A precise knowledge of 
the quality of waste heat is therefore of paramount importance because it helps 
to identify the appropriate usage of the heat. Heat quantity is a measure of the 
amount of energy contained in a given heat stream. The heat quantity or 
content in a heat stream is a function of the mass flow rate and the temperature 
of the stream. It can be calculated from equation 1 below:  

𝐸 =  ṁℎ(𝑡)                           (1) 
 
Where: E is the energy in Watts, ṁ is the waste stream mass flow rate (kg/s) 
and ℎ(𝑡) is the waste heat enthalpy (J/kg) and is a function of temperature. 
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2.2 Heat recovery applications investigated 

There are a number of heat recovery applications however, only the following 
were investigated: organic rankine cycle, greenhouses, drying digestate and 
absorption cooling.  

2.2.1 Organic Rankine Cycle 
 
Organic Rankine Cycle (ORC) machines make use of organic fluids as the heat 
transfer medium instead of water which is used in the traditional rankine cycle 
machines. Heat recovery by ORC can be indirect or direct. Direct heat 
recovery occurs where the source of heat is a liquid and a heat exchanger is 
used to transfer heat between the hot liquid source and the organic fluid. 
Indirect heat recovery occurs if the heat source is a gas and hence an 
intermediate medium, usually thermal oil or pressurised water is used to 
transfer heat to the organic fluid. The recovery system should be separable 
from principle heat source so that if it fails, the primary process is not affected. 
Also a redundant cooling system can be put on standby in case the primary 
process needs cooling. 

2.2.2 Green houses 
 
Greenhouses are enclosed shelters made of glass or plastic where food can be 
grown under controlled conditions throughout the year. Waste heat from 
biogas power plants can be used as a source of heat for these greenhouses 
throughout the year. Water heating circuits and air heaters are the two methods 
used to introduce heat into greenhouses. Plants grown in greenhouses usually 
require temperatures between 20 - 25°C and a yearly heat demand of 600kWh 
per m2 (Rutz, 2012). The heat transfer coefficient of the greenhouse enclosure 
varies from 4.6 (double glazed houses) to 10 (simple foil) (Rutz, 2012). The 
carbon dioxide realised from the flue gases can also be used by the plants. 
Enrichment with carbon dioxide increases plant yield by up to 40%. However, 
the carbon dioxide from the flue gases needs to be run first through a catalytic 
converter purification unit (Nixon Energy, 2014). Green houses require fresh 
air to be supplied so as to remove warm moisture-laden air from within the 
greenhouse. If it is not removed, excessive condensation and high humidity 
occurs. Humidity over 90% leads to rapid development of leaf mold and fruit 
and stem rot (Dennis E . Buffington, 2013). Therefore, ventilation systems are 
important in greenhouse operation. Ventilation can occur naturally due to 
convection or forced by using fans utilising electricity.  

2.2.3 Drying digestate 
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Digestate is the name given to substrate after undergoing anaerobic digestion 
in fermenters. The digestate can then be used as a fertiliser when applied to the 
fields. Digestate contains 5 to 15% Dry Matter (Peschel, 2008). Digestate 
requires huge storages volumes. However, if the water is filtered out and then 
the remaining solid digestate is dried, then the resulting digestate pellets can be 
stored in a smaller volume. The drying principle is such that digestate is fed 
into the dryer with a Dry Mass (DM) content of 25% to 50% and then 
optimally distributed. Waste heat from the CHP plant is then used to heat cold 
air through heat exchangers. The warm air is then drawn across the chamber 
by use of fans. The belts are usually perforated so that the hot air does not only 
go over the digestate but also through it. The storage period in the drying 
chamber can be 1 or 2 days before the material ready. The output dry digestate 
has a DM content of 85 to 90% (Peschel, 2008).  
There are two methods of digestate processing. They include: Separation and 
back-mixing. Separation involves using a screw press to remove the water 
before the digestate is fed onto the drier belt. With back-mixing the removal of 
water using a screw press is not necessary. However, the fluid digestate is 
mixed with already dried digestate in a back mixing unit. 

2.2.4 Absorption Cooling 
 
Cooling can be achieved by use of waste heat through a process known as 
absorption cooling. Absorption cooling utilises the excess heat to provide 
energy to drive the cooling process. Instead of using a compressor to provide 
mechanical work, a combination of absorber and refrigerant re-generator is 
used with little mechanical work from a small pump used to maintain 
circulation. Absorption chillers are an alternative to regular compressor 
chillers where electricity is unreliable, costly, or unavailable, where noise from 
the compressor is problematic, or where surplus heat is available as it is the 
case of biogas power plants.  
 
2.3 Simulation of heat uses  

Performance data used for simulation of heat uses was obtained from three 
biogas plants located in Germany. The climate conditions used were those of a 
warm climate location namely Mbarara district in Uganda with coordinates (-
0.6N, 30.7E). The weather data was obtained from RETSCREEN and soda-
is.com. This weather data is used for calculation of the solar gains and is also 
used as a source for the ambient conditions. The details of the biogas plants 
used are shown in table 1. Simulations were done for organic rankine cycle, 
greenhouses, drying digestate and absorption cooling.  
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Table 1: Details of biogas plants used 

Specification PLANT A PLANT B PLANT C 
Installed electrical Capacity (kWe) 265 625+265 347+190 
Installed thermal output (kWth) 300 438+273 520 

Electric energy (kWh d-1) 5,980 12,000 10,000 

Thermal energy  (kWh d-1) n/a 9,0001 n/a 

Biogas production(Nm³  m-3AVd-1) 2,800 6301 5,480 

Reactor volume (m3) 1800 3900 4000 
Operating volume (m3) 1700 3400 n/a 
Gas tank volume (m3) 1114 n/a 1000 
Digester temperature (m3) 40 40 40 - 50 
Substrate (ton/day)/ (ton/year)/ (%)    
Amount of digestate (ton/year) 5,900 15,000 12,000 
Digestate Dry mass (% FM) 8 8 8 

 

2.3.1 Organic rankine cycle (ORC) 
  
Using operating conditions from the three biogas plants, organic rankine cycle 
simulations were done. The operating conditions used are shown in table 2 and 
table 3. 

Table 2: Operating conditions for ORC simulations 

No. Apparatus Operating Conditions 

   Plant A Plant B Plant C 

1.  

 
Biogas plant 

Pout (bar) 0.045 0.045 0.045 

Tout (°C) 30 30 30 

DELM (kg/s) 0.0275 0.08022 (625kWe) and 

0.0366(265kWe)   

0.04888 (347kWe) and 

0.0275 (190kWe) 

LHV (kJ/kg) 19100 19100 19100 

2. 

 
Combustion air source 

Pout (bar) 1.013 1.013 1.013 

Tout (°C) 50 50 50 

SUBTYP 0 0 0 

3.  EEQCOD 1 1 1 

DELP (bar) 0.5 0.5 0.5 

                                                           
1 For the 625kWe plant only 
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Gas engine part 1 

DELE (kW) 70 153.2(625kWe) and  

70(265kWe) 

93.36(347kWe) and 52.53 

(190kWe) 

LAMBDA 1.95 – 3.5 1.95 – 3.5 1.95 – 3.5 

TREACT (°C) 1100 1100 1100 

PREACT (bar) 11 11 11 

4. 

 
Gas engine part 2 

TUCODE 0 0 0 

GDCODE 1 1 1 

Tout (°C) 550 550 550 

ETHAM 0.85 0.85 0.8 

5. 

Generator 1 

ETAGEN 0.952 0.952 0.952 

 

 

6. 

economiser 

EEQCOD 1 1 1 

DELP1 (bar) 1 1 1 

DELE (kW) 0.5 0.5 0.5 

DELP2 (bar) 2 2 2 

DELTL (°C) 160 160 160 

DELTH (°C) 305 305 305 

7. 

 
Stack 

PIN (bar) 1.013 1.013 1.013 

8. 

Transfer fluid heat 

exchanger 

EEQCOD 1 1 1 

DELP1 (bar) 0.05 0.05 0.05 

DELE (kW) 0.5 0.5 0.5 

DELP2 (bar) 2 2 2 

DELTL (°C) 120 120 120 

DELTH (°C) 5 5 5 

9. 

 
Thermal Oil circulation 

pump 

POUT (bar) 10 10 10 

DELT (°C)  0.5 0.5 0.5 

ETHAM  0.85 0.85 0.85 

10. 

 
Heat transfer fluid 

circulation pump 

 

 

POUT (bar) 7 7 7 

DELT (°C) 0 0.5 0.5 

ETHAM  0.85 0.85 0.85 
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11. 

 
ORC turbine 

TUCODE 0 0 0 

GDCODE 1 1 1 

TOUT 160 160 160 

ETHAM 0.95 0.95 0.95 

12. 

 
Regenerator 

EEQCOD - - - 

DELP1 (bar) 0.5 0.5 0.5 

DELE (kW) 0.5 0.5 0.5 

DELP2 (bar) 0.05 0.05 0.05 

DELTL (°C) 60 60 60 

DELTH (°C) 45 45 45 

RPSM 1 1 1 

13 

 
 

Condenser 

EEQCOD -  - 

DELP1 (bar) 0.5 0.5 0.5 

DELE (kW) 0.5 0.5 0.5 

DELP2 (bar) 0.005 0.005 0.005 

DELTL (°C) 30 30 30 

DELTH (°C) 45 45 45 

RPSM 1 1 1 

14.  

Generator 2 

ETAGEN 0.98 0.98 0.98 

15 

 
Cooling water 

circulation pump 

POUT (bar) 8 8 8 

ETHAM  0.85 0.85 0.85 

DELT (°C) 0.5 0.5 0.5 

16 

 
Cooler 

DELP (bar) 1 1 1 

TOUT (°C) 60 60 60 
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Table 3: Operating conditions for pipes used 

Pipe No. Liquid type 
1 Gas fuel (biogas) 
2 Combustion input air 
3,4,5,18 Flue gases from engine 
6,7,8 Thermal oil (down thermal J) 
9,10,11,12,13,17 Heat transfer fluid (toluene) 
14,15,16,19,20,21 Cooling water 
 
The simulation diagram used is showed in figure 1. It consists of a biogas 
power plant that burns biogas to generate electricity and flue gases. The flue 
gases are then used to heat up a connected ORC plant.   
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Simulation model with biogas plant and ORC 

2.3.2 Green house usage 
 
The model used for analysis of a greenhouse is shown in figure 2. Heat 
demand analysis for greenhouses was done for warm climates based on 
assumptions in figure and table 4.  
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Figure 2: Model for greenhouse Analysis 

Table 4: Assumptions taken for greenhouse energy balance 

Assumption Value Source 
Shape of green house Rectangular solid shape Own assumption 
A constant temperature 
inside the greenhouse 

21°C (temperature favourable 
for growing vegetables, 
tomatoes in particular)  

(R.Andrews, 2011), 

Density of air at 21°C 1.2kg/m3 Standard value 
Specific heat capacity of air 
at 21°C 

1.0 kJ/kg Standard value 

Heat transfer coefficient of 
double glazed glass 

4Wm-2k-1 (R.Andrews, 2011) 

Solar transmission 
coefficient constant, τ 

0.7 (R.Andrews, 2011) 

Solar absorption 
coefficient, ϒ 

0.3 – 0.7 (chosen 0.7) (Druma, 1998) 

Winter ventilation rate 2 Air changes2 per hour (Dennis E . Buffington, 
                                                           
2 An air change is equivalent to the volume of air occupying the greenhouse at 
an instant 

L 

Qheat _in  

Qloss_ 

walls 

Qsolar_ 

in 

Qlosss_vent 

Qloss_groun

d 
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2013) 
Summer ventilation rate One air change per minute (Dennis E . Buffington, 

2013) 
Autumn and Summer 
ventilation rates 

Half way between winter and 
summer rates 

(Dennis E . Buffington, 
2013) 

Average annual ground 
temperature at 1m in cold 
climate countries 

10 - 13°C (average 10.3) Alliant Energy .com (NASA 
database for Emden) 

Average annual ground 
temperature at 1m in warm 
climate countries 

 20.8°C NASA database for Mbarara, 
Uganda 

soil thermal conductivity 1.52Wm-1K-1 (Druma, 1998) 
 
The energy balance of the green house is calculated as shown in equation 2 
based on figure 2.  
 
�̇�ℎ𝑒𝑒𝑡𝑖𝑖 = �̇�𝑙𝑙𝑙𝑙𝑔𝑔𝑔𝑔𝑖𝑔 +  �̇�𝑙𝑙𝑙𝑙𝑤𝑤𝑤𝑤𝑤 + �̇�𝑙𝑙𝑙𝑙𝑣𝑣𝑖𝑣 −  �̇�𝑙𝑙𝑙𝑒𝑠_𝑖𝑖                (2) 
 
Where: �̇�ℎ𝑒𝑒𝑡𝑖𝑖 is the heat that should be supplied from the exhaust of the gas 
engine (W), �̇�𝑙𝑙𝑙𝑙𝑔𝑔𝑔𝑔𝑖𝑔 is the heat lost to the ground (W), �̇�𝑙𝑙𝑙𝑙𝑤𝑤𝑤𝑤𝑤 is the 
heat loss through the walls (W),  �̇�𝑙𝑙𝑙𝑒𝑠_𝑖𝑖   is the heat gains from the 
incoming solar radiation (W), �̇�𝑙𝑙𝑙𝑙𝑣𝑣𝑖𝑣 represents ventilation losses (W), 

2.3.3 Drying digestate 
 
In the analysis the following assumptions are considered: 

• 1 MWhth of heat energy evaporates 1 ton of water from digestate. 
(Stela.LaxhuberGmbH, 2014). 

• The technology used is back mixing, whereby some of the already dry 
digestate is mixed with the fresh digestate so as to increase its dry 
matter (DM) content to at least 20% DM (%FM).  

• The desired DM content of the dried digestate is 85%. 
• The input digestate has a DM of 8% (% of FM) (Deland biogas 

farmers). 
  

Procedure of calculations:  
 

• The initial amount of water content of the digestate is derived from 
the equation below  
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𝑊𝑒𝑡𝑒𝑠 𝐶𝑙𝑖𝑡𝑒𝑖𝑡 (𝑊𝐶) = 𝐹𝑠𝑒𝑙ℎ 𝑀𝑒𝑙𝑙 (𝐹𝑀) − 𝐷𝑠𝐷 𝑀𝑒𝑙𝑙(𝐷𝑀)          (3) 
 

• Variations are done for resulting percentages of DM content of the 
FM achieved through back mixing to achieve DM contents of 23.4%, 
33.7%, 16.5%, 27.2%, and 46.5%. 

The resulting water content of the digestate before feeding into the driers is 
calculated and is shown in Table 5. This is the annual amount of water that 
needs to be evaporated from the resultant back mixed digestate per plant. Table 
6 shows the annual energy demand required to evaporate the water from 
digestate per plant. The heat energy requirements are simulated using the 
model in figure 3. 
 

Table 5: Properties of the digestate to be dried per plant 

Plant Name 

WC to be 
removed 

(DM- 23.4%) 
(ton) 

WC to be 
removed 

(DM-
33.7%)(ton) 

WC to be 
removed 

(DM-
16.5%) 

(ton) 

WC to be 
removed 

(DM-
27.2%)(ton) 

WC to be 
removed 

(DM-
46.5%)(ton) 

Plant A 5417.18 5416.82 5410.43 5417.34 5429.14 
Plant B 13588.24 13587.35 13571.30 13588.65 13618.24 
Plant C 10870.59 10869.88 10857.04 10870.92 10894.59 

 

Table 6: Annual energy demand to evaporate water from digestate per plant 

Plant 
Name 

Energy demand 
(DM- 23.4%) 
(MWh) 

Energy 
demand (DM-

33.7%) (MWh) 

Energy 
demand 

(DM-
6.5%) 

(MWh) 

Energy 
demand (DM-

27.2%) 
(MWh) 

Energy 
demand (DM-

46.5%) 
(MWh) 

Plant 
A 5417.18 5416.82 5410.43 5417.34 5429.14 
Plant 
B 13588.24 13587.35 13571.30 13588.65 13618.24 
Plant 
C 10870.59 10869.88 10857.04 10870.92 10894.59 

2.3.4 Absorption cooling 
 
The storage life of perishable foods such as fish, vegetables and animal 
products can be extended for a few days by refrigerating them at temperatures 
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a little higher than freezing temperatures, usually between 1 to 4°C. However, 
the storage life can even be further increased if they are stored at sub-zero 
temperature in the range -18°C to - 35°C.   

To estimate the demand for absorption cooling, the following assumptions are 
made as listed in table 7. 
 

Table 7: Absorption cooling simulation assumptions 

Assumption Value Source 
   
Double effect chiller COP = 1.2 at 180°C (IEA, 2012) 
Single effect chiller COP = 0.7 at 90°C (IEA, 2012) 
The product to be cooled is 
milk 

Density at 20°C is 1030kg/m3 (Earle, 1966) 

 Specific heat capacity at 
20°C is 3.9kJ/kg.K 

(Earle, 1966) 

 Cooling done up to 4°C (Earle, 1966) 

 
The energy extracted from the cooling milk is calculated using the assumptions 
in table 7 (COP, density, initial temperature of 20°C and final cooling 
temperature of 4°C) . The input energy requirements are estimated for different 
volumes of milk. Table 8 shows the results of this calculation. The heat energy 
requirements are simulated using the model in figure 1. 
 

Table 8: Energy Requirements for absorption cooling 

Amount of 
milk per day 
(litres/day) 

Amount of 
milk per day 
(m3/day) 

Amount 
of Milk 
(m3/s) 

Heat energy 
extracted from 
milk per hour 
(kWh) 

Heat Energy 
demand at 
COP 1.2 per 
hour (kW) 

Heat Energy 
demand at 
COP 0.7 (kW) 

            

1,000 1 0.00028 17.9 14.9 25.5 

3,000 3 0.00083 53.6 44.6 76.5 

5,000 5 0.00139 89.3 74.4 127.5 

7,000 7 0.00194 125.0 104.1 178.5 

10,000 10 0.00278 178.5 148.8 255.0 

15,000 15 0.00417 267.8 223.2 382.6 

20,000 20 0.00556 357.1 297.6 510.1 

25,000 25 0.00694 446.3 371.9 637.6 

30,000 30 0.00833 535.6 446.3 765.1 
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3 Results 
After performing the various simulations and calculations, the results obtained 
were as follows:  
 
3.1 Simulation results of the different uses  

3.1.1 ORC 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 
 
 
 
 

Figure 5a: ORC output combined with 
additional heat recovery (265kWe plant) 

Figure 5b: ORC output combined with 
additional heat recovery (190kWe plant) 

Figure 4a: ORC output combined with 
additional heat recovery (625kWe plant) 

Figure 4b: ORC output combined with 
additional heat recovery (347kWe plant) 
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3.1.2 Greenhouses 
 

 

Figure 6: Daily heat demand of greenhouses and supply of plants in warm 
climates 

3.1.3 Absorption cooling 
 

 

Fig. 7: Heat energy demand for milk cooling verses the amount of milk cooled 
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3.1.4 Drying digestate 
 
Table 9: Comparison between heat demand and supply for drying digestate 

Plant 
Name 

 Heat 
demand 
(DM- 
23.4%) 

Heat 
demand 
(DM- 
33.7%) 

Heat 
demand 
(DM- 
16.5%) 

 Heat 
demand 
(DM- 
27.2%) 

 Heat 
demand 
(DM -
46.5%) 

Annual 
Heat 
supply 
(MW) 

Plant A 5417.18 5416.82 5410.43 5417.34 5429.14 1760 
Plant B 13588.24 13587.35 13571.30 13588.65 13618.24 5360 
Plant C 10870.59 10869.88 10857.04 10870.92 10894.59 3800 

 

3.2 Discussion 

3.2.1 ORC Rankine Cycle 
 
Organic Rankine Cycle was used to recover high quality heat and convert it 
into additional electricity. Further, low heat quality heat from other areas of the 
engine (oil and water cooling circuits modelled by the downstream heat 
exchanger) as well as from ORC system was recovered and is modelled by 
condenser downstream. Figures 4a, 4b, 5a and 5b show that there is an 
optimum lambda at which the electricity generated and the heat energy 
generated are equal. Lambda is used to vary the power to heat ratio of a biogas 
plant engine. By increasing Lambda beyond the optimum value (that gives 
equal heat and power) the share of waste heat generated is increased but at the 
expense of a dropping electrical output. When Lambda is lowered, more 
electricity can be generated at the expense of a reduction of heat output, 
keeping the biogas flow rate constant. 

3.2.2 Greenhouse 
 
Figure 6 shows that the greenhouses in warm climate countries need very little 
heating; mainly in the night of some months of the year. Instead cooling is 
needed for most of the day except at night. (21°C was assumed as the 
greenhouse temperature). Therefore, either a material with a low solar 
transmission coefficient could be used for the greenhouse structure enclosure 
or cooling fans need to be used (this increases electricity consumption). A 
collector system can be integrated with the green houses so as to heat water 
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with the excess heat due to the incoming solar irradiation. The water can be 
used for other domestic purposes. In addition, sunshine shields or reflectors 
can be used.  

3.2.3 Absorption cooling 
 

From figure 7, the following can be derived:  

• The heat from a 190kWe plant engine can supply enough heat to cool 
5700 to 6800 litres of milk. 

• Heat from a 265kWe plant engine can cool 7800 to 9000 litres of 
milk. 

• Heat supply from a 347kWe plant engine can be used to run a chiller 
to cool 10000 to 13000 litres of milk. 

• Heat from a 625kWe plant engine can be used to supply an absorption 
chiller to cool 17000 to 18000 litres of milk. 

3.2.4 Drying digestate 
 
The heat from the four engines is not sufficient to supply all the heat required 
to dry the digestate to 85% DM per year. Therefore less than 50% of digestate 
can be dried using back filling method. In order for this heat energy to be 
sufficient, the water needs to be squeezed out using a screw press prior to 
drying. 
 
4 Conclusion 
The heat demand for selected applications as well as the heat supply from the 
biogas engines of the three biogas power plants have been analysed. The 
simulation tool, cycle tempo has been used to simulate the thermodynamic 
performance of the selected applications. Regarding the selected applications 
the following conclusions can be drawn:  
 
Organic Rankine Cycle (ORC) 
 

• Use of ORC improves the overall electrical efficiency of the plant. 
However, a higher efficiency is obtained for larger biogas plant 
engine capacities compared to smaller plant capacities.  The net 
efficiency increment varies between 2 and 5%. After the evaluating 
the additional investment vis-à-vis the tariff, it can then be possible to 



 17 

establish whether use of ORC is a viable for the gas engines waste 
heat output streams under consideration. However, previous studies 
have shown that ORCs start making economic sense when used for 
biogas power plants larger than 500kWe. 
 

• The power to heat ratio can be varied using Lambda (oxidant to fuel 
ratio). Lambda can hence be used to increase the share of thermal 
energy or electrical energy depending on which type of energy is 
more needed at a given hour of the day at a constant biogas flow rate.  
 

Absorption cooling 
 

• Absorption cooling applications have lower heat demands and 
therefore can even be used with heat supplies of smaller biogas plant 
capacities. Absorption cooling simulation was done by using the 
cooling of milk as an example. Single effect absorption chillers were 
considered in this simulation because a big percentage of the heat 
recovered is low quality heat (90°C) which favours their usage unlike 
double effect absorption chillers that use heat qualities of 150 to 
180°C.   

Greenhouses 
 

• Greenhouses don’t need to be heated in warm climate countries. 
There are rather a lot of heat gains during the day due to the high 
incident irradiation and therefore further cooling has to be done 
instead (for the crops considered; vegetables assumed in the 
simulation). A solar water collector system can be integrated with the 
greenhouses so as to capture and store the excess heat for use in other 
applications. 

Drying digestate 
 

• The drying application is highly heat intensive. The total heat 
generated was found not sufficient to dry all the digestate generated in 
year for the selected plants. Only a fraction less than 50% can be 
dried per year for each plant if back mixing technique is used. The 
water content in the digestate needs to be squeezed out before drying 
can occur.  
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