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Abstract: Reciprocating internal combustion engines (ICE) are
a mature and widespread technology. Distributed generation and
renewable energy sources are said to be great steps in energy in-
dustry revolution. The main purpose of the article is to present
the position of biofuels and piston engines in the distributed en-
ergy development process. A general review of small power plants
is prepared to demonstrate the advantages of reciprocating en-
gines utilization in this power generation segment. The prospects
and challenges connected with utilizing various biofuels in ICE
are investigated. The chance of using low-calorific and wasted
biofuels is also reviewed as a potential for small power genera-
tion.

1. Introduction

Applications of reciprocating engines include not only automobiles, trucks and marine
propulsion but also a miscellaneous set of power generation applications. A variety
of stationary piston engine products are available mainly for a specific power systems
range up to a few megawatts. Nowadays, this power generation size is combined with
the distributed energy segment that refers to on-site electricity production. Develop-
ment of the distributed generation is conditioned by the use of green energy sources.
Global environmental policy implies a continuous increase in the renewable energy
use. All of these factors point the potential of applying biofuels as a green energy
source for piston engines in distributed energy power systems.

2. Distributed generation – a base for revolution

Distributed generation refers to a power generation system which generates electricity
from many small energy sources. Nowadays, this kind of energy production is an
alternative for large centralized units, such as coal, nuclear or hydropower plants. The
European Union energy policy, environmental protection and other forms of renewable
energy support strongly contribute to the distributed generation development. Small
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power generation (up to a few MW), regardless of the heat engine propelling the
electrical generator and the kind of fuel, has a gamut of advantages over conventional
centralized power plants. Thus, small generation units might be a great alternative
to the base centralized power system.

International Energy Agency (IEA) identifies five major factors as the main reason
for the increasing interest in the distributed generation. They are listed in Fig. 1.

Fig. 1. Major factors identified by International Energy Agency (2012) that contribute
to distributed energy market growth (International, 2004).

Constrains on the construction of new transmission lines are linked to increasing
worldwide electricity consumption. Generating power on-site, rather than centrally,
reduces the cost, complexity and interdependencies associated with transmission and
distribution. Increased customer demand for highly reliable electricity is related to the
unpredictability of breaks in electricity supply that from an economic point of view
are unacceptable. Distributed generation has been taken into account by electricity
suppliers as a tool that can help them to fill in niches in a liberalized market. In such
a market, customer is king. Distributors have to provide the clients with electricity
service best suited for them. Moreover, it is important to adapt to the fluctuating
economic environment in the most flexible way. Developments in distributed energy
technologies in many cases provide this flexibility because of their compact shapes,
short construction lead times and load changing resistance, compared to large, cen-
tralized power plants.

Furthermore, concerns about climate change and environmental policies are prob-
ably the major issues that increase Europe’s claims for distributed generation. It is
impossible for players in the electricity markets to obey a restrictive environmental
law without renewables. Renewable energy resources exist over wide geographical
areas and allow the exploitation of cheap fuel opportunities. Regrettably, fuel cost
and availability are not the only issues influencing the way the green energy market
spreads. There is a need to verify a few other aspects before green energy becomes
friendly to the distributed generation sector.

As it was mentioned, distributors prefer reliable energy sources. It is important
to evaluate the energy standby level and power quality. Photovoltaic and wind farms
tend to lose their energy source as the climate and environment are often unpre-
dictable. Fluctuations at the electric generator output make their power quality poor.
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If necessary, there is also a need for providing an auxiliary power unit to increase its
production readiness.

Moreover, the dispatchable generation topic should be considered as well. It refers
to electricity sources that can be dispatched at the power grid operators’ request.
Generating plants should be flexible with their output adjusting to demand. That is
one of the main reasons why distributed generation markets are more and more filled
with reciprocating engines and gas turbines. Both of these technologies are reliable,
high power quality energy sources. They can be used as a peak shaving solution.
It means that they are able to operate with the highest load during peak demand
periods and decrease it with negligible efficiency loss if needed. What is more, the
efficiency level in both cases may be increased by using cogeneration. Cogeneration or
combined heat and power is the utilization of heat engines to simultaneously produce
electricity and useful heat. This is an excellent way to reduce internal combustion
engine heat loss.

Tab. 1. Distributed generation technologies and their potential benefits (Pepermans
et al., 2005).

Recipro-
cating

engines

Gas
Turbines Fuel cells

Photo-
voltaic Wind Biomass

Other
renew-
ables

Standby Yes Yes Yes No No No No

Peak
Shaving

Yes Yes Yes No No No No

Reliability
Yes, if dis-
patchable

Yes, if dis-
patchable

Yes, if dis-
patchable No No No

No,
except
hydro

Power
quality

Yes Yes Yes No No No No

Avoiding
grid ex-
pansion

Yes, if dis-
patchable

Yes, if dis-
patchable

Yes, if dis-
patchable Difficult Difficult Yes Difficult

Grid
support
(ancillary
services)

Yes, if dis-
patchable

Yes, if dis-
patchable

Yes, if dis-
patchable Difficult Difficult Difficult Difficult

Cogene-
ration

Yes Yes Yes No No Yes No

Green
power

No-yesa No-yesa No-yesb Yes Yes Yes Yes

Cheap
fuel op-
portuni-
ties

No-yesa No-yesa No Yes Yes Yes Yes

Explanations: Yes: technology contributes to. . . ; No: technology does not contribute
to. . . ; Difficult: Requires significant additional technologies, for example extra energy
storage; a - Green power is possible when biogas or biodiesel is used; b - Green power
is possible when hydrogen is produced via electrolysis, using wind or solar energy.
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Tab. 1 lists different distributed generation technologies and indicates their po-
tential benefits. Critics might ask, can piston engines and gas turbines be treated as
renewable energy sources? The answer is, it depends on the kind of fuel they utilize.
Using fossil fuels makes them environmentally unfriendly but there is an alternative
energy source that can make them ’green’ – it is biomass. The development of bioen-
ergy and biomass gasification provides fuels that can supply the internal combustion
engines (ICE). The following section of the article provides details about the biomass
potential in the distributed generation market development.

3. Green energy for Internal Combustion Engines

Global policy makers and scientists demand a continuous increase of green energy use
with human health and climate change in mind. As it was mentioned in the previous
section, Internal Combustion Engines (ICE) can work as environmentally and human
friendly power plants, if fossil fuel alternatives are used as their energy source. Most
alternative fuels are extracted from organic material called the biomass.

3.1. Biomass – the fuel around us

The main purpose of distributed generation is electricity production at a particular
place and at a particular time. Biomass is an interesting alternative renewable energy
source for areas where the wind and solar energy power is not economically sufficient
to build the wind turbines or solar panels farms. The biomass advantage is that it
is everywhere and it is easily available. In agriculture and timber industry residuals
like wheat straw, nutshells and hulls, wood wastes, cattle manure, as well as poultry
and pig farm wastes are usable. Interestingly, even in cities a huge amount of sewage
and other organic household wastes can be used.

Fig. 2. Flow of particular substrates and products during the biomass lifecycle.

Energy extraction from biomass is based on a combustion process. So, is the
level of pollution the same in the case of biomass and fossil fuels combustion? Not
exactly. Exploitation of biomass sources for power generation is CO2 neutral. Carbon
dioxide is taken out of the atmosphere during photosynthesis and returned during the
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biomass products combustion (Kordylewski, 2008). This is the reason why biomass is
treated as a green source. Fig. 2 shows a simple diagram where the flow of particular
substrates and products during the whole biomass lifecycle is illustrated.

Nowadays, there are various methods of biomass processing that are used to pro-
duce different types of biofuels. Each of them can be utilized in a different power
generation segment. Several technologies and options available are listed below:

• Direct biomass combustion (generation of electricity through heat and steam);
• Biomass liquefaction via pyrolysis (power generation by combustion of pyrolysis

oil);
• Organic plant based oil i.e. Crude Palm Oil – CPO (generation of electricity

using Crude Palm Oil);
• Gasification of Biomass (power generation using derived producer gas);
• Biogas anaerobic digestion (power generation using scrubbed methane gas).

The first point, related to the direct biomass combustion, is connected with solid
biofuels that are exploited without any advanced processing. The next few bullets are
associated with liquid and gaseous biofuels that require specific treatment methods
for utility. Not all of them are equally utilized in the distributed generation market.
The following subsection includes a few details about them.

3.2. Biofuels – prospects and challenges.

Small households utilize solid biofuels on a large scale but they produce heat rather
than electricity. Raw biomass is widely available but some of its properties make
it inconvenient for distributed energy producers. For instance, unprocessed biomass
usually has a high oxygen content, a lower calorific value, a high moisture content, a
fibrous structure, and a heterogeneous composition that make its combustion process
design and process control complicated. What is more, natural biomass utility also
involves high logistic costs due to its low energy density. Therefore, the key chal-
lenge for biomass exploitation is to develop an efficient conversion process which can
compete with fossil fuels (Van der Stelt et al., 2011).

Torrefaction is a technology that offers some solutions to the problems listed above.
It is a thermal conversion method of biomass in the low temperature range of 200 –
300 ◦C. The main goal of this process is to upgrade raw solid biofuel to a higher quality
and make it more attractive. Thermal treatment not only increases the calorific value
and energy density of biomass but it also improves its combustion capabilities by
destroying its fibrous structure and removing the oxygen from the final solid product.
Reduced amount of oxygen results in reduced smoking during combustion.

The process of torrefaction is used as a pre-treatment step for biomass conversion
techniques such as gasification and co-firing. On a larger scale biomass co-firing in
conventional power plant boilers is a relatively established and proven technology.
Regrettably, it is economically viable for sizes between 6 MWe to 15 MWe (Klimstra
and Hotakainen, 2011). Thus, it is not efficient enough to utilize solid biomass in the
distributed generation segment.

Rather than solid, the alternative liquid and gaseous biofuels are widely used
in small power generation. Fortunately, these kinds of fuels are suitable for ICE
technologies in the small scale electricity and heat production.
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Gaseous alternative fuels can be divided into two types: biogas and synthesis gas
(syngas). First of them typically refers to the gas produced by anaerobic digestion
with anaerobic bacteria or fermentation of biodegradable materials such as manure,
sewage, green wastes, municipal waste, and crops (Centre, 2011). It is worth empha-
sizing that biogas has high calorific value and consists mostly of methane. Thus, it is
widely popular as a fuel for reciprocating engines in the distributed energy.

Tab. 2. Composition and LHV values for a few gaseous biofuels compared to natural
gas (Kordylewski, 2008)

Gas
type

CO2 [%] CO [%] CH4 [%] H2 [%] N2 [%] Others
[%]

LHV [MJ/m3]

Manure
biogas

14÷18 0÷2.1 52÷85 0÷5 0.6÷7.5
H2S

0.08÷5.5 16.8÷23

Landfill
biogas

0.1÷31.8 - 0.3÷63.3 - 21.9÷79.1
O2

0.3÷20.8 0÷22.7

Syngas 13.3 14.7 3.7 7.3 44.9 H2O
16.1

4.8

Natural
gas

0.9÷0.11 - 96÷98 - 0.6÷0.84
[H2S] ≤

20
mg/m3

≥ 31

Syngas is produced in a gasification process. It is based on biomass thermal con-
version through partial oxidation into a gaseous mixture. The most popular gasifying
agents are air, pure oxygen, steam and carbon dioxide. Generally, its calorific value
is low and strongly dependent on the oxidizer type used during gasification. Tab. 2
shows typical composition and calorific values for biogas, and syngas compared to
natural gas.

Low calorific value of syngas is not the biggest challenge of using it in ICE technolo-
gies. The main issue is gas contamination. During gasification, part of the biomass
is converted to char and tar instead of syngas. Tar tends to condensate under dew
point temperature in fuel delivery systems. This fact affects engine life and its main-
tenance cost negatively. Therefore, despite its big potential, synthesis gas is still not
commonly used (Wang et al., 2008).

Common liquid biofuels approved for use in reciprocating engines are oils from
various oilseeds, such as palm, rapeseed, jatropha or sunflower oils. Moreover, such
fuel can be also of non-vegetable origin, e.g. fats or oils from fish, poultry and animals.
Some engine producers note that crude bio oils can be utilized directly, without any
refined transesterfication process, which gives a much better energy balance (Congress,
2011). Unfortunately, using these oils directly for power production purposes is not
economically viable. To avoid this disadvantage it is possible to consider vegetable
oils that have already been used in gastronomic areas (e.g. restaurants) or are a by-
product of the food industry. These oils are definitely treated as a waste product and
can be found worldwide.

Most of biofuels listed above are known as a sustainable solution that does not
deplete the fossil fuel reserves. Their utilization is relatively cheap, environmentally
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friendly and has emission and tax advantages. On the other hand, their properties
force the standard piston engines redesign and higher cost of maintenance. Their low
heating values (LHV) have consequences for the fuel delivery system that has to be
adjusted for higher flow rates. Besides, because of the LHV being unstable there is a
need of dynamic control of the engine combustion process. Bio oils often have high ash
content and total acid number that leads to deposits and corrosion problems. Some
of them required an engine with a specific heated fuel system due to solid state of
e.g. stearine oil in room temperature. Moreover, due to high condensable tar content,
syngas is treated as one of the hardest applicable fuels in ICE (International, 2004).

Nevertheless, executives and scientist all over the world point out a big potential
in utilization of poor and wasted biofuels. The fact offers several advantages that
outweigh disadvantages. From an economic and environmental point of view, the
combustion of organic wastes simultaneously generating electricity and heat may be
a superior power solution.

4. Reciprocating engine – is this a future?

There are a few aspects of technology selection for the distributed power plant. Before
making the choice, executives have to take into consideration, among others, efficiency,
start-up time, dynamic, and emissions. Tab. 3 includes a general comparison of these
parameters for different power plant technologies.

Tab. 3. Power plant technologies (Klimstra and Hotakainen, 2011).

Efficiency
(at full
power)

[%]

Typical
power
range
[MW]

Typical
start-up

time
[min]

Dynamic
CO2

emission
[g/kWh]

Nuclear
power plants

31-33 1000 - 2000 > 2000 Poor -

Coal-fired
plants

33-45 300 - 4000 > 180 Poor 820 - 1050

Gas Tur-
bine Com-
bined Cycle
(GTCC)

50-57 200 - 1500 60 - 90 Not good 370

Reciprocating
Engines

46 1 - 500 5 - 10 Excellent 430

Aeroderivative
Gas Turbines
(AGT)

33-41 1 - 300 10 - 13 Good 500

Industrial
Gas Turbines
(IGT)

30-35 100 - 1000 13 - 30 Decent 560
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Distributed energy resource systems are typically in the range of 1 kW to 10 MW.
According to the table above, reciprocating engines and aeroderivative gas turbines
are commonly used for these sizes. There are a few reasons for rejecting other tech-
nologies in the distributed power generation segment.

Fig. 3. Dependency between flexibility and overall efficiency for different power plant
types (Klimstra and Hotakainen, 2011).

First of all, efficiency and flexibility should be considered. Flexibility is defined as
a factor that combines load changing capability and partial load effectiveness. Fig.
3 illustrates a general dependence overview between these parameters and different
power plant technologies. Smart power generation should have high fuel efficiency in
a wide load range. In case of electricity demand decrease its flexibility should allow an
easy change of output power in a reliable period of time. Nuclear, Coal, Gas Turbine
Combined Cycle and Industrial Gas Turbine plants lack this feature. What is more,
all of them tend to lose fuel efficiency in the lower power range segment.

Another challenge is connected with start-up time defined as the time required
to reach the situation when the generator runs synchronized in parallel to the grid
after receiving the start command. In cases of fairly predictable demands for load
and peaking, the start-up time is not crucial for obtaining effective balancing produc-
tion. Nevertheless, distributed generation requires a particular amount of energy in
a particular place and at a particular time. For instance, the power station with the
advent of wind parks and solar panels can be affected with weather variations that are
able to change the power output rapidly and drastically. The reciprocating engine,
belonging to the class of fast responding machinery, used as a fuel-based auxiliary
power plant might need only a few minutes from a cold start before it can produce
100 % output. This affects the maintenance cost negatively and is excellent when
compared to other plant types (Fig. 4).

All aspects investigated up to now limit the set of technologies for distributed
generation to reciprocating engines and aeroderivative gas turbines. Both of them
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are generally highly reliable source of energy. A small advantage can be seen in the
ramping-up time, following load capabilities, partial load efficiencies and emission
level in favor of piston engines. However, the most visible difference is their economy.

From an economic point of view the efficiency parameter seems to rule the energy
market. Even one percent distinction can bring substantial savings during the power
plant life cycle. Fig. 5 illustrates the efficiency and power range review of the biggest
worldwide producers. It can be seen that reciprocating engines have higher electrical
efficiencies than gas turbines of comparable size, and thus lower fuel-related operating

Fig. 4. Start-up time and power output comparison of a few different generating tech-
nologies after several days of stop (Klimstra and Hotakainen, 2011).

Fig. 5. Reciprocating Engines and Gas Turbines efficiency review of the biggest world-
wide producers.
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costs. In addition, the first costs of reciprocating engines gensets are generally lower
than gas turbine gensets up to 3-5 MWe in size (Analysis and Environmental, 2008).

5. Conclusion

Current global policy favors utilization of renewable energy sources. Decentralized en-
ergy production is said to be unavoidable. Small scale electricity production requires
a proper technology selection to be maintainable and efficient enough. In the article
the key factors that have impact on the distributed generation development were pre-
sented. Additionally, the potential of biofuels was investigated and their prospects
and challenges analyzed. Furthermore, the reasons for the use of the reciprocating
engine technology in the small power generation segment were discussed.

References

Analysis, Energy and Environmental (2008), ‘Technology characterization: Recipro-
cating engines’.

Centre, National Non-Food Crops (2011), ‘Nnfcc renewable fuels and energy factsheet:
Anaerobic digestion’.

Congress, Green Car (2011), http://www.greencarcongress.com/.
International, Power Engineering (2004), http://www.powerengineeringint.com/.
Klimstra, J. and M. Hotakainen (2011), Smart Power Generation, 4th improved edi-

tion edn, Avain Publishers, Helsinki.
Kordylewski, Włodzimierz (2008), Spalanie i Paliwa, Oficyna Wydawnicza Politech-

niki Wrocławskiej, Wrocław.
Pepermans, G., J. Driesen, J. Haeseldonckx, R. Belmans and W D’haeseleer (2005),

‘Distributed generation: definition, benefits and issues’, Energy Policy .
Van der Stelt, M.J.C., H. Gerhauser, J.H.A. Kiel and K.J. Ptasinski (2011), ‘Biomass

upgrading by torrefaction for the production of biofuels: A review’, Elsevier .
Wang, Lijun, Curtis L. Weller, David D. Jones and Milford A. Hanna (2008), ‘Con-

temporary issues in thermal gasification of biomass and its application to electricity
and fuel production’, Elsevier .

http://www.greencarcongress.com/
http://www.powerengineeringint.com/

	Introduction
	Distributed generation – a base for revolution
	Green energy for Internal Combustion Engines
	Biomass – the fuel around us
	Biofuels – prospects and challenges.

	Reciprocating engine – is this a future?
	Conclusion

