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Abstract 
Organic Rankine cycles have been identified as a suitable technological option for converting 
low-grade heat into electricity with relatively high efficiency, and the organic Rankine cycle 
technology has been successfully implemented in different power production systems and in 
recovering heat in industrial processes. This paper studies the greenhouse gas emission 
reduction potential by using organic Rankine cycles for recovering exhaust gas heat of biogas 
engines. The study concentrates especially on the biogas engine power plants in Europe. Life 
cycle assessment methods are used and various waste heat utilization scenarios are compared. 
According to the results, greenhouse gas emissions can be reduced significantly if the thermal 
energy of the exhaust gases, otherwise lost in the process as waste heat, is utilized for additional 
electricity production by means of organic Rankine cycle. However, there may already be use 
for the exhaust gas heat in biogas plants in the form of heat power. In these cases, the use of 
organic Rankine cycle does not necessarily lead to greenhouse gas emission reductions. The 
results also indicate, that the working fluid leakages and production as well as the organic 
Rankine cycle construction materials and production have only marginal effects on the results 
from greenhouse gas perspective.  
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1. Introduction 

Global warming due to increasing greenhouse gas (GHG) emissions is one of the greatest 
challenges humankind is facing. Approximately 60% of GHG emissions from human activities 
are related to energy production (World Resource Institute 2009). This has led to the search for 
more environmentally friendly energy production methods. The dominant energy production 
method globally is combustion, which usually leads to relatively low electricity production 
efficiency. For example, the electrical efficiency is 30-40% for reciprocating engine power 
plants (ASUE, 2011) and 20-40% for gas turbines (ASUE 2006). The remaining heat is only 
utilized in some applications. Thus, if the waste heat could be converted into additional 
electricity the primary energy needs of the electricity production can be reduced significantly. 
In general, several aspects should be considered while choosing the method for waste heat 
utilization. Walsh and Thornley (2012 (1)) have concluded that the main barriers in utilizing 
low grade heat in the process industry are the cost, return on investment, and technology 
performance. They recommended that the energy, life-cycle and techno-economic analysis 
could be combined in order to identify the most promising options for waste heat recovery in 
different process industries. 
 
This paper investigates the waste heat utilization in biogas engine power plants by means of 
the organic Rankine cycle (ORC). ORC technology is suitable for converting low grade heat 
into electricity, and commercial ORC power plants are available for different power scales and 
applications (Tchanche et al. 2011; Colonna et al., 2015). The conventional steam Rankine 
power plants are widely used technology in large-scale power production. The use of water as 
the working fluid in the cycle is an optimal solution in many cases since water is widely 
available, entails high thermal and chemical stability, and is non-flammable. However, if the 
power output of the cycle is low (  P < 1 MW) or the temperature level of the process is low 

 T < 300 oC) an ORC is often favored instead of a steam Rankine due to the technical 
difficulties related to the low boiling pressure level of steam at low temperature levels and 
difficulties in the expander design with steam (Colonna et al., 2015). ORC processes are based 
on the use of organic working fluids with a relatively low boiling temperature at reasonable 
pressure. The relatively low boiling point of organic fluids and the freedom in the working 
fluid selection enables the utilization of low-grade heat sources which would otherwise be 
technically or economically very difficult to utilize for electricity production. Another unique 
feature of ORC power systems is that the technology is in principle applicable for any external 
heat source (Colonna et al., (2015). Therefore, there is significant potential for ORC use 
globally in different heat recovery applications (Colonna et al., 2015).  
 
In ORC processes the working fluid circulates in a closed system and the power production is 
based on the phase change of the working fluid from liquid to vapor. A process flow diagram 
and the main components of a simple ORC are illustrated in Figure 1. The ORC process can 
be generally divided in the following stages: 1) increasing the pressure of the liquid working 
fluid in the feed pump, 2) preheating the working fluid in the recuperator, 3) preheating, 
evaporating and superheating the fluid in the evaporator, 4) working fluid vapor expansion in 
the turbine from high pressure to low pressure, 5) removal of superheating in the recuperator 
and in the condenser, and 6) condensation of the low pressure vapor to liquid form in the 
condenser. 
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FIGURE 1. Process flow diagram and the main components of an ORC process. 
 
 
Commercial ORC power systems implement different technical solutions for the expander and 
cycle configuration and use different types of organic working fluids e.g. hydrocarbons, 
siloxanes, or fluorocarbons (Tchanche et al., 2011; Colonna et al., 2015). The most important 
applications for ORC power systems, cycle configuration options, and important design aspects 
are generally presented and discussed by Colonna et al. (2015). The number of ORC power 
systems suitable for different power levels and different applications has been increasing 
significantly in recent years, mainly due to the flexibility and high conversion efficiency in low 
power range applications (Colonna et al., 2015). ORC has been considered applicable to waste 
heat recovery especially with non-centralized electricity production plants such as in 
reciprocating engine power plants and marine diesel engines (e.g. Bombarda et al., 2010; 
Uusitalo et al., 2014(1)) and in heat recovery from gas turbine applications (e.g. Invernizzi et 
al., 2007; Chacartegui et al., 2009). A recent patent landscape analysis for different 
technologies for recovering waste heat from internal combustion engines highlighted that there 
has been a rapid growth in the number of patent filings related to ORC in the past 5 to 10 years, 
which indicates a strong interest towards the ORC technology in the industrial sector 
(Karvonen et al., 2015).  

 
Gas engines and gas turbines are developed to produce electricity from gaseous fuels, such as 
natural gas (NG), landfill gas and biogas. They are commonly located next to or at landfills, 
waste water treatment plants and biogas plants where in some cases the utilization of waste 
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heat as heat power is not feasible or there simply is no use for heat. In these applications, ORC 
could be an attractive technical option for utilizing waste heat of the engines in additional 
electricity production and thus increasing the overall performance of engine power plants and 
lowering the emissions. The results of previous numerical studies (e.g. Bombarda et al., 2010; 
Vaja and Gambarotta, 2010; Uusitalo et al.  2014(1)) have indicated that by using ORCs in 
recovering heat of different types of large-scale reciprocating engines, the power output can be 
increased about 9-12% depending on the type of the engine, operating conditions, and power 
scale.  
 
Despite the large number of thermodynamic studies on using ORCs in different waste heat 
applications, there is very little detailed research available related to the environmental 
advantages of using ORC to produce electricity from waste heat. Poeschl et al. (2010;2012) 
have studied the efficiency and environmental impacts in various biogas production and 
utilization pathways, including a combined heat and power (CHP) power plant having an ORC 
as a bottoming cycle for recovering waste heat. Their results highlighted that the efficiency and 
the produced emissions in biogas utilization are highly dependent on the efficiency of the 
energy conversion system as well as on the potential substitution of the usage of different fossil 
fuels. Liu et al. (2013) have conducted detailed research on the environmental impacts of 
electricity production from low temperature waste heat using an ORC process. They have 
concentrated on emissions from the construction, utilization and decommissioning phases. In 
their study, seven different working fluids were considered and the effects of the working fluid 
on the emissions were analyzed. According to their life cycle assessment (LCA) results, the 
construction phase is the most important when GHG emissions are considered and the payback 
time for GHG emissions varies from three to six years, depending on the reference electricity 
production method. Yang and Yeh (2015) have concentrated on the thermodynamics and 
economics of the ORC process utilizing waste heat in large marine diesel engines. According 
to their study, the production of electricity with an ORC from the diesel engine exhaust gas 
instead of using diesel fuel led to a 76% reduction in CO2 emissions. Walsh and Thornley (2012 
(2)) have studied the environmental impacts of using low grade heat for electricity production 
via ORC in the production of metallurgical coke. Their results showed the installation of ORC 
could offset 1 to 3% of the CO2 emitted directly through the production of coke. Furthermore, 
they concluded that the life-cycle environmental impacts of coke production would be reduced 
less than 1%. 
 
Despite the earlier studies, there is still lack knowledge related to the environmental impacts 
of using ORC in recovering exhaust gas heat of biogas engines. In addition to calculating GHG 
emissions for ORC, the electricity reference scenarios have to be carefully considered. There 
may be already heat utilization for gas engine exhaust gas, such as recovering the heat to the 
digester in biogas production, which may have effects on, GHG performance of the ORC 
process. In addition, there are various factors along the life cycle of electricity production with 
ORC that need to be studied in more detail. The utilization period of previous studies is mainly 
20 years, which may be too optimistic for an ORC process. Liu et al. (2013) have included only 
steel parts in the construction of the ORC process despite the fact that various other materials 
are used.  

The objective of this paper is to study GHG emission reduction potentials of the ORC process 
with biogas gas engines in different situations using life cycle assessment methods. The use 
and construction phases as well as production of working fluid are included in the current study.  
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2. Materials and method 
This chapters provides information on the calculation model for answering the research 
questions. 

2.1 Background  

In Europe, the majority of the installed ORC power plants are fueled with solid biomass 
(Colonna et al., 2015). There are also ORC systems in operation that are utilizing exhaust gas 
heat of different types and different power level diesel engines, including exhaust gas heat 
recovery from biogas engines (van Buijtenen et al., 2013). ORC systems that are directly fueled 
by biogas have also been proposed (Bove & Lunghi, 2006). To the authors’ knowledge, there 
is currently one ORC system utilizing exhaust heat of biogas engines in a landfill (Turboden, 
2016), and one ORC unit utilizing exhaust heat of a sewage gas engine (Triogen, 2016) in 
Finland. Therefore, there is a substantial potential to increase the number of waste heat 
recovery systems in the existing biogas plants. 

2.2 Life cycle assessment methods and scenario setting 

Life cycle assessment (LCA) is a method developed for increasing understanding and 
addressing environmental impacts associated with different products (ISO 14040). The LCA 
includes impacts from cradle to grave not concentrating only on use or production processes. 
LCA  is  standardized  by  the  International  Organization  for  Standardization  (ISO)  with  a  
publication series of the 14040 standards (GHG Protocol). According to Cherubini et al. 
(2009), the scientific community widely agrees that LCA is one of the best methodologies for 
the evaluation of the environmental burden by identifying energy and materials used as well as 
emissions related to the environment.  

In this paper, LCA methods are applied to evaluate potential for GHG emissions reductions by 
using the ORC process to increase electricity production from gas engine waste heat. The 
evaluation is carried out by comparing two scenarios:  

1) Scenario 1 where only electricity from a gas engine is utilized 
2) Scenario 2 where electricity and heat from a gas engine are utilized 

In both scenarios the following four cases were evaluated: 

a. Additional electricity is produced using average methods 
b. Additional electricity is produced using marginal methods 
c. Additional electricity is produced using biogas 
d. The ORC process is used 

 

The scenarios include situations where all the produced heat is waste heat and where heat is 
utilized for example to heat digester. All heat from a gas engine can be considered as waste 
heat  for  example  in  dry  digestion  biogas  plants  that  are  utilizing  heat  from a  compost  plant  
(Labio Oy, 2016) or from other heat sources. In addition typically with landfill biogas engines 
there is no use for heat. Furthermore, there are various methods to produce electricity in cases 
which do not include ORC.  
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The comparison is modeled using the system expansion method presented in ISO/TR 14049. 
In system expansion, similar amount of products is produced in different cases to enable fair 
comparison. Therefore, in this study a similar amount of electricity and heat has to be produced 
in all cases. Because with the ORC process more electricity is produced, in cases a-c additional 
electricity has to be produced using other electricity production methods. LCA modelling has 
been carried out using GaBi 6.0 software. Initial data for the model has been collected from 
literature and in some cases GaBi database values have been used. Data sources for each data 
selected for the model are mention later in the text. Figure 2 presents the system boundaries 
and differences between cases and scenarios chosen in this study.   
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FIGURE 2. LCA scenarios, case settings and system boundaries for the calculation model. 

 

2.3 Assumptions and data collection 

An example gas engine in this study is Deutz Power Systems’s TCG 2020 V12 biogas engine 
having an electrical power output of 1022 kW. The electricity production efficiency is 41% 
and the annual operational period is assumed to be 7000 h (Deutz Power Systems). The 
minimum heating value for biogas is 5 kWh m-3 thus leading to the maximum 3 500 000 m3/a 
biogas consumption. This corresponds to gas production in medium sized Finnish biogas plants 
(Huttunen & Kuittinen, 2013). Also a gas turbine could have been a possible option for 
electricity production from biogas, but the operation principle(electricity production) is similar 
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to that of the gas engine and therefore the results can also be applied to other methods to obtain 
electricity from biogas. The main differences between the gas engine and gas turbine 
technologies are in the electricity conversion efficiency and in waste heat temperature levels 
and distribution.  
 
In this study it was assumed that the installation of the ORC system to the exhaust pipe of the 
biogas engine does not have a significant effect on the power output or electric efficiency of 
the biogas engine. Similar assumption has been used in the previous studies considering the 
combination of a large scale engine and an ORC (Bombarda et al. 2010, Uusitalo et al.  
2014(1)). Bei et al. (2015) studied the effect of the exhaust gas pressure drop caused by the 
ORC evaporator on the engine performance and they concluded that the engine power loss was 
less than 1 % in all the studied cases. 
  
The thermodynamic design and the estimated need for construction materials of the studied 
ORC were based on the information available on a commercial ORC system having an electric 
power output of 170 kW (van Buijtenen, 2009; van Buijtenen et al. 2013), as well as on the 
experience gained in the design and construction of different experimental ORC systems at 
LUT (van Buijtenen et al., 2003; Uusitalo 2014; Uusitalo et al., 2015). The studied ORC system 
uses toluene as the working fluid and includes a turbine-generator for expanding the working 
fluid vapor. Toluene can be classified as an aromatic hydrocarbon and it has been identified to 
represent high thermodynamic performances in high temperature ORC applications, such as in 
exhaust gas recovery (Branchini et al., 2013; Uusitalo et al., 2014(1); Costall et al., 2015) and 
can be thus considered as a suitable fluid for the studied application. In addition, ORC systems 
using turbines instead of other type of expanders are typically preferred in commercial high-
temperature ORC applications, such as in exhaust gas recovery, at the power levels above 100 
kW (Colonna et al. 2015). The studied ORC system was scaled down by using values of the 
commercial ORC system in order to match the exhaust gas values of the studied engine, since 
the need for the heat power of the selected commercial ORC unit is higher than the exhaust 
heat power available from the studied biogas engine. It was assumed that the scaling does not 
have a significant effect on the thermodynamic performance of the ORC cycle and thus, the 
electric efficiency and other thermodynamic parameters of the designed ORC were set to the 
same values as in the  commercial 170 kW ORC.  
 
The process design was carried out by using the thermodynamic library REFPROP (Lemmon 
et al. 2010) and the well-known calculation principles of the Rankine cycle. The main results 
of the ORC cycle design are presented in Table 1. Figure 3 shows the temperature change in 
the  ORC evaporator  on  the  working  fluid  side  and  on  the  exhaust  gas  side  as  a  function  of  
transferred thermal power from the exhaust gas to the working fluid.  
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TABLE 1. Main technical specifications of the studied ORC process. 
Working fluid Toluene 
Electric power output, kW 111 
Electric efficiency, % 21.3 
Evaporator heat rate, kW 521 
Working fluid flow rate, kg/s 0.84 
Turbine inlet temperature, oC 324 
Turbine inlet pressure, bar 32.3 
Condensing temperature, oC 57.5 
Exhaust gas temperature at the evaporator inlet, oC 479 
Exhaust gas temperature at the evaporator outlet, oC 180 
Exhaust gas mass flow rate, kg/s 1.6 

 

 
FIGURE 3. Exhaust gas and working fluid temperature profiles in the evaporator as a function 
of transferred thermal power from the exhaust gas to the working fluid. 
 
The materials that are needed for the construction of the ORC plant were evaluated. The 
construction materials of the process heat exchangers, piping, and turbogenerator were taken 
into account in the analysis. The heat exchanger masses were evaluated based on the typical 
values of commercial plate and shell type of the heat exchangers. The evaporator was assumed 
to be a flow-through type allowing to have significantly lower amount of working fluid in the 
system, when compared to kettle type evaporators, but this type of evaporator requires a small 
degree of superheating of the organic vapor, in order to prevent droplets from entering the 
turbine. The materials needed for the power electronics and for the control and measurements 
of the system were excluded from the study since it was estimated that the construction of these 
components have only a minor effect on the GHG emissions, when compared to the other 
components of the process. The main results of the estimated materials are presented in Table 
2. The amount of stainless steel is mainly used for the process piping and heat exchangers. The 
amount of iron, copper, brass, and titanium, as well as small portion of the stainless steel were 
estimated for the construction of the turbine-generator. 
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TABLE 2. Estimated materials needed for the ORC construction. 
Material Mass 
Stainless steel, kg 4750 
Iron, kg 175 
Brass, kg 20 
Copper, kg 5 
Titanium, kg 25 
Toluene, kg 400 

 
The operating life of ORC devices is assumed to be 10 years and the environmental burden 
from manufacturing is divided between these years. There may be working fluid leakages in 
the process piping or through the expander sealing, and also working fluid decomposition 
might occur in the process, which would cause changes in the thermodynamic performance of 
the cycle over a long time period. The possible fluid decomposition can be caused by high peak 
temperatures  of  the  cycle  that  can  exceed  the  working  fluid  thermal  stability  threshold,  
especially if there are any impurities in the system (Erhart et al. 2015). Thus, the assumption 
was made that the working fluid is completely changed every second year. The leakages and 
decomposition of the working fluid can be lower than estimated in this study, but by choosing 
a high leakage rate, effects in the worst case can be revealed. A study by Larjola (1995), 
highlighted that ORC processes adopting high-speed turbines can be designed to be fully 
hermetic with no working fluid leakages.    
 
Greenhouse gas emissions from biogas production and gas engines are similar in all cases. 
Therefore, GHG emissions from these process steps are modeled roughly. According to 
Uusitalo et al. (2014 (2)), GHG emissions from biogas production from biowaste are 
approximately 16 gCO2 MJ-1

BG.  In  this  case,  no  allocation  has  been  carried  out  for  digestate  
according to the calculation rules of directive 2009/28/EC. Also lower GHG factors for biogas 
have been presented in literature. According to directive 2009/28/EC, GHG emissions from 
biogas production and compression to NG grid pressure are typically 14 gCO2 MJ-1

BG. Carbon 
dioxide (CO2) emissions from gas engines are biogenic and are therefore excluded from this 
study (directive 2009/28/EC), but methane (CH4) and nitrous oxide (N2O) are included. 
Emission factors for the gas engine utilized in this study are 0.323 gCH4 MJ-1

BG and 0.0005 gN2O 
MJ-1

BG. (Nielsen et al., 2008). The ORC device and toluene production are modeled using GaBi 
6.0 database processes for materials and for toluene leakages.  
 
There are various options for additional electricity production methods in cases where ORC is 
not used. Differences in methods also lead to differences in GHG emissions. The highest GHG 
emissions are caused by using marginal electricity produced with coal. However, marginal 
electricity is not always produced by coal. During low electricity consumption hours, marginal 
electricity may also be produced for example by renewables. Replaced electricity is 
occasionally produced by coal, occasionally by renewables and mostly by other methods in 
between. Therefore, the average electricity production method could be the best assumption 
for additional electricity production. In this study, the chosen alternative electricity production 
methods are the average electricity production in EU-27, marginal electricity production using 
coal in Poland and renewable electricity production using biogas in Germany. Germany has 
been chosen to represent average EU biogas production because it is the largest biogas producer 
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in the EU. Germany and Poland are leading coal consumers in the EU. In this study, electricity 
production from Polish coal is chosen as marginal electricity production technology (Europe’s 
Energy Portal 2011). The emission factors between these assumptions vary greatly, but the 
sensitivity of the results can be studied. Electricity production from biogas has the lowest GHG 
factor. The GHG factor of the average electricity production is 1.3 times and marginal 
electricity 2.9 times higher than when the electricity is produced by using biogas as a fuel. 
Additional heat production is assumed to be carried out using EU-27 thermal energy production 
with NG. NG has been selected as the thermal energy production method because biogas 
production plants typically contain devices to produce heat from gaseous fuels. GHG emissions 
from additional electricity and heat production are modeled using GaBi 6.0 database processes. 
The functional unit of the study is biogas produced at a biogas plant MJ a-1.  
 

3. Results and discussions 
The results of the annual GHG missions from scenario 1 with different electricity production 
methods are presented in Figure 4. 
 

 
FIGURE 4 Annual GHG emissions from scenario 1 with different electricity production 
methods. 

As can be seen in Figure 4, electricity production with ORC leads to lower GHG emissions 
than cases a-c where electricity has to be produced by other methods. With the inclusion of the 
ORC process into the system, the GHG emissions can be reduced by approximately 280-820 
tCO2,eq (16-35% reduction) annually. The largest decrease in GHG emissions is obtained when 
ORC is used to replace marginal energy produced by coal and the lowest when it is used to 
replace electricity produced with biogas. However, average and marginal electricity production 
methods vary depending on the geographic location, and this study is carried out using EU 
values. In addition, the average and marginal electricity replacements are theoretical 
assumptions, and in reality, the method for additional electricity production varies over time. 
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Nonetheless, the average and marginal electricity assumptions give information of boundaries 
where variations take place. In the case d including the ORC, most significant GHG emissions 
are  caused  by  the  biogas  production  and  operation  of  the  gas  engine.  GHG emissions  from 
toluene and ORC device production play only a marginal role in the results despite the fact that 
the working fluid in the system was assumed to be changed completely every second year. The 
ORC device and working fluid production lead only to 0.1% of the total GHG emissions of the 
biogas engine power plant in case d.  
 
Figure 5 shows how the GHG emissions are divided in the ORC machinery building and what 
the share of toluene production is in the comparison. The comparison is carried out assuming 
a ten-year utilization period and five toluene fillings. It shows that the stainless steel production 
had the highest effect on GHG emissions in ORC production and other materials have only a 
marginal effect from GHG perspective. The results indicate that only a 14-day utilization 
period for ORC is needed to compensate GHG emissions caused by ORC machinery 
construction and working fluid production if the average electricity production methods are 
replaced. 
 

 

FIGURE 5 Annual GHG emissions from ORC machinery building and toluene production. 

Figure  6  shows the  annual  GHG emissions  in  scenario  2  when the  exhaust  heat  from a  gas  
engine is used to heat the digester. In biogas digesters, the heat from engines can be utilized in 
heat digesters. Anaerobic digesters that are utilized for biogas production require low 
temperature heat to enable the digestion process. Mesophilic degradation takes place within the 
temperature range of 30-38ºC and thermophilic degradation within temperature range 55-60ºC 
(Tchobanoglous et al., 1993). The temperature levels in digesters are relatively low and 
therefore even low temperature waste heat can be used in heating processes. 
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FIGURE 6 Annual GHG emissions from scenario 2 with different electricity production 
methods. 

Figure 6 shows that if there is use for the exhaust gas heat produced in the gas engine power 
plant, it may not be advantageous from the GHG perspective to produce electricity from the 
exhaust gas heat with the ORC process. In these cases, additional heat has to be produced by 
using other methods, since the ORC uses part of the available heating power for producing 
additional electric power. In this analysis, the additional heat is assumed to be produced by 
using NG. However, if this additional heat can be produced by using biofuels such as 
woodchips instead of NG, GHG emissions from additional heat production would be lower. In 
scenario 2, a relatively high heat utilization rate is assumed for the biogas engine plant. In some 
cases, there might be use for only part of the exhaust heat as a heat power and in these cases 
there could be still  sufficient amount of waste heat available for the ORC process without a 
need for producing significant amount of additional heat power by using other methods. In 
these cases, there could be potential for GHG emission reductions by using the ORC. It might 
be also possible to use the heat that is rejected in the ORC condenser for heating the digesters, 
especially if a relatively high condensing temperature would be adopted for the ORC process 

Poeascl et al. (2012) have previously concluded that the potential substitution of the usage of 
different  fossil  fuels  has  a  significant  impact  on  ORC  GHG  results.  These  finding  were  
confirmed. However, it is difficult to recognize the electricity production methods that are 
actually replaced and is always dependent on the case and geographical location. Liu et al. 
(2013), Yang and Yeh (2015) and Walsh and Thornely (2012 (2)) have all concluded that ORC 
use leads to GHG emission reductions. These findings were also confirmed with biogas 
engines. However, what was not previously pointed out is that biogas plants may have use for 
heat power and therefore GHG emission reductions are not obvious in every biogas engine 
plant.  
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4. Conclusions 
This paper examined the greenhouse gas emission reduction potential using the ORC process 
in recovering the exhaust gas heat of a biogas engine. The study focused on biogas engine 
power plants especially in Europe, and life cycle assessment was used to evaluate the 
environmental impacts of the use of ORC. The technical details of the studied ORC and the 
gas engine were based on the data available on a commercial ORC process and gas engine. 

In the LCA evaluation, two scenarios and four cases in each scenario were studied. In the first 
scenario, the gas engine produced only electricity and all produced heat is considered as waste 
heat. In the second scenario, the exhaust heat from the gas engine is utilized as heat power. The 
four cases of the scenarios represent situations where the additional electricity is produced with 
four different ways: average methods, marginal methods, biogas or ORC. In the LCA, the 
production of the ORC process and working fluid were included. Furthermore, the working 
fluid leakage during the operation was taken into account. The following main findings were 
made: 

 In the scenario where the exhaust heat is not utilized as heat power, the inclusion of 
ORC leads to lower GHG emissions. Depending on which type of electricity production 
is substituted with ORC, the annual GHG reduction is 280-820 tCO2,eq. The reduction 
of GHG is the lowest when ORC replaces electricity produced with biogas. 

 Biogas production and operation of biogas engine have the most significant impact on 
total GHG emissions while ORC device and working fluid production constitute only 
0.1% of total GHG emissions from biogas engine power plant. 

 If all of the waste heat from the engine can be utilized the inclusion of ORC to produce 
additional  electric  power  increases  the  total  GHG  emissions  due  to  the  need  for  
additional heat production. However, if the additional heat is produced with e.g. biogas 
or woodchips instead of NG, the GHG emissions would be lower than presented in this 
paper. 

It can be concluded that, from the point of view of GHG emissions, the benefit of using the 
ORC process in the studied biogas engine waste heat recovery depends on whether only 
electricity or also heat is to be produced. In addition, if the heat is already utilized the use rate 
plays a significant role when considering GHG emission reduction with ORC. However, the 
emissions due to the ORC building phase and working fluid production play almost a negligible 
role in the total GHG emissions of biogas engine power plant in all studied cases. Therefore, it 
may not be necessary to include these process steps in further ORC GHG studies. However, 
from other environmental perspectives these steps may be important and should be studied in 
the future. This paper gives an overview of GHG emission reduction potential of using ORCs 
in biogas engines. A similar approach can be taken to actual decision making when the use 
ORC and its advantages are considered and evaluated. The results show that ORC technology 
reduces GHG emissions and increases renewable electricity production from biogas engine 
waste heat.   
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