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Abstract:

By 1973, low oil prices had provided the production of relatively cheap
electricity. A sudden increase in gas prices caused a need for developing
energy technologies as well as a need for increasing the efficiency of
power plants. At the same time, increased environmental awareness as
well as the awareness of the growing scarcity of energy sources required
greater attention to preserving the environment and the existing
resources, so small and micro cogeneration plants become efficient and
competitive energy producers. The United States and Canada are
currently lagging behind Europe and Japan in relation to the development
of micro cogeneration units, partly because of differences in heating
systems, energy prices and political framework. In accordance with the
Kyoto Protocol, Japan is obliged to reduce its global warming i.e. gas
emissions by 6% of the 1990 level. However, CO2 emissions continue to
grow, which means that it is currently estimated that Japan must reduce
emissions by 14% to meet the goal. Japan should promote all possible
ways to effectively reduce CO2 emissions. In this regard, it continues to
give support to micro cogeneration marketing, especially for models
suitable for residential buildings. It is estimated that, in the next few years,
energy production by cogeneration will reach 75% of the total production
at the European level. In ltaly, ecological energy makes 30% of the total
consumption, in the Netherlands 33%, and in Denmark and the UK it is
almost completely present.
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Introduction

Cogeneration is the process of a combined production of heat and
electricity. The reasons for the application of CHP plants are economic in
nature and originate in energy efficiency. In practice, the maximum
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degree of efficiency that can be achieved when it comes to electrical
power is 40%, and the rest of the useful energy is used for heating
(Pehnt et al, 2006).

Decentralised installations for a combined production of heat and
electricity can achieve a total degree of efficiency of 90%. There has
been a significant increase in a total degree of efficiency in relation to the
degree of usefulness of 36% achieved by centralized condensation
plants for electricity production (Despotovi¢ & Babi¢, 2007).

Achieving sustainable development in the energy sector requires
specific quality changes to be undertaken. This includes limiting the use
of resources of fossil fuels and reducing emissions by 50-80% by 2050,
i.e. their adverse impact on climate change.

Directive 2004/8/EC obliges the Member States to carry out an
analysis of the potential of cogeneration efficiency in their country and to
establish a system of incentives to apply cogeneration. For either small
(< 1MWe) or micro (< 50kWe) cogeneration installations, the directive
states that it is necessary to ensure a high level of efficiency for each
new capacity. The directive clarifies that high efficiency must provide
primary energy saving of at least 10% compared to separate production
of heat and electricity.

Small and micro cogeneration plants

Today, there are several technologies used in cogeneration plants
such as piston engines, gas turbines, Stirling engines and fuel cells.
Advances in technology (Rosato & Sibilio, 2013, pp. 478-491) as well as
a general trend towards smaller manufacturing units have led to an
increased interest in small cogeneration units, in hope that they will be
able to provide electricity and thermal energy for individual objects (de
Paepe et al, 2006, pp. 3435-3446).

Small cogeneration plants driven by gas engines with internal
combustion are fully adapted to the needs of consumers; they use 88%
of natural gas energy, thus providing cheaper and better energy, as well
as long-term planning of costs, all of which is in accordance with the
strictest European environmental standards (Said et al, 2005, pp. 259-
262).

The EU directive on cogeneration defines micro cogeneration as a
unit with a maximum capacity smaller than 50kWe, while in Germany,
micro cogeneration systems are those under 15kWe for the following
reasons: these systems are clearly intended for use in family homes,
apartment buildings, small businesses, or hotels (Pehnt et al, 2006).
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Examples of commercially available CHP units

CHP units with piston engines are commercially available and are
manufactured in many different companies around the world. The market
leader is the German company Senertec. A Senertec model known as
Dachs generates 5.5 Kwe and 14 kW of thermal energy (Figure 1)
(Cummins Inc, 2014).

SENERTEC

ERAFT - WARME - ENERGEESYSTEME

Figure 1 — Senertec Dachs
Puc. 1 - Senertec Dachs
Cnuka 1 — Senertec Dachs
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Figure 2 — PowerPlus Ecopower
Puc. 2 — PowerPlus Ecopower
Cnuka 2 — PowerPlus Ecopower

Other companies that produce micro cogeneration units are Power
Plus with a 4.7 kWe Ecopower module which is able to modulate the
capacity of 5 kWe and 15 kWe, and Vector-based CoGen (US), which
uses a Kawasaki engine for combustion. According to the product
specification, the Vector CoGen unit reached an electrical efficiency of
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about 28 to 34 percent and an overall energy efficiency between 70 and
79%.

In Japan, YANMAR, Sanyo and AISIN companies have also
developed technology with piston engines to produce micro cogeneration
units.

There is an interesting development of a Honda small 1 kWe system
for family houses called Ecowill (Figure 3). This Honda’s cogeneration
unit uses the GE160V, the world's smallest engine on natural gas. The
system is based on one Otto engine and a system for the control and
reduction of NOx emission concentration (Pehnt et al, 2006).

Figure 3 — Honda Ecowill
Puc. 3 — Honda Ecowill
Cnuka 3 — Honda Ecowill

One of the technologies suitable for cogeneration is the
application of gas turbines or micro-turbines. One of the advantages of
using turbines in relation to modern engines with internal combustion is
extremely low emission of harmful gases. They can use both liquid and
gaseous fuel, i.e. fossil or renewable energy sources. Microturbine
capacity ranges from 30 kW to 350 kW.

It is also possible to use biogas and waste gases (gases of
refineries, industry) as fuel. However, the biogas chemical composition
affects the operation of turbines - biogas must meet requirements i.e.
percentage content of the composition of the gases that make up biogas
must be adequate.

The Kawasaki company offers gas turbines from 0.61 MWe (Figure
4) which emit less than 3 ppm NOXx.
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Figure 4 — KAWASAKI Gas Turbine Europe
Puc. 4 — KAWASAKI Gas Turbine Europe
Cnuka 4 — KAWASAKI Gas Turbine Europe
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Figure 5 — CAPSTONE Turbines

Puc. 5— CAPSTONE Turbines
Cnuka 5 — CAPSTONE Turbines

The CAPSTONE Turbine (USA) is a microturbine with a capacity of
65 kW, which can use biogas as fuel and can reach 29% of electrical
efficiency and 62% of total efficiency (Figure 5).

Stirling engines are still in the testing phase, but there are also some
commercial ones that could soon be in serial production: e.g. the
WhisperTech company (New Zealand) is developing Stirling engines
called WhisperGen, with a capacity of up to 1.2 kWe and 8 kW of heat
energy.

The Swiss company GmbH focuses on making Stirling engines of 1.
1kWe.
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As for systems with a capacity exceeding 1 kWe, the German
companies Solo (Figure 7), Mayer and the CLA and Sunmachine (Figure
6) are involved in the development of Stirling engines.

Figure 6 — Sunmachine
Puc. 6 — Sunmachine (Stirling dsueamerib)
Cniuka 6 — Sunmachine (Stirling momop)

Figure 7 — Solo
Puc. 7 — Solo (Stirling 0suzamennb)
Cnuka 7 — Solo (Stirling momop)

The advantage of using these systems is that they can use biomass
(Alanne et al, 2014, pp. 1-10), solar power, wind or fossil fuels as a
source of energy. This flexibility and high engine efficiency mean that
these systems can be used for a long term period. In addition, it is
necessary to reduce the cost of these systems to make them
commercially competitive with other cogeneration technologies. A typical
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CHP units with a 7.5 kWe Stirling engine costs approximately
€2600/kWe.

KWB, from Austria, has developed a Stirling engine using pellet as a
heat source. Its capacity is 1 kWe.

Dutch Enatec (Figure 8) is developing a Stirling engine with a
capacity of 1 kWe (4-35 kWt). The Enatec company is concentrated on
the use of fossil fuels for Stirling units.

Microgen (Figure 9) from the UK has developed one of the first small
CHP units for individual homes. The unit is small and quiet enough so
that it can be mounted in the kitchen. It has a capacity of 1.1 and kWe
15-36 kWh. It is designed to use natural gas as fuel, and an oil version is
in preparation. The overall efficiency is rated at 90%.

Figure 8 — ENATEC
Puc. 8— ENATEC
Cnuka 8 — ENATEC

i

Figure 9 — The cross-section of the cogeneration plant, Microgen company
Puc. 9 — Nonepe4yHoe cevyeHue KoceHepaylUOHHOU ycmaHo8KU KoMmaHuu ,,Microgen»
Cnuka 9 — NonpeyHu npecek kozeHepayuoHoz rnocmpojerba coupme Microgen
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Steam turbines are not generally intended for use in small
cogeneration plants, but are suitable for remote heating systems.

The Czech company TED produces a series of Micro-CHP plants
that typically use natural gas as a fuel, but some have been modified to
use biogas. There are eight models that use biogas (< 1MWe), from a
range of models from 23 kWe (42 kWt) to 300 kWe (370 kWt). These
units have efficiency between 76 and 85% (Figures 10 and 11).

The units are designed to work with the content of methane between
55-65%, but the absolute minimum is 50%. The pressure in the
combustion chamber is in the range from 1.5 to 10 kPa. 22 kW is
scheduled for operation of 4,000 hours per year.

Figure 10 — Modlany, CZ, TEDOM Cento 150 SP BIO 150 kWe, 192 kWt
Puc. 10 — Modlany, CZ, TEDOM Cento 150 SP BIO 150 kWe, 192 kWt
Cnuka 10 — Modlany, CZ, TEDOM Cento 150 SP BIO 150 kWe, 192 kWt

Figure 11 — Petruvky, CZ, TEDOM Cento T 300 SP 300 kWe, 370 kWt
Puc. 11 — Petruvky, CZ, TEDOM Cento T 300 SP 300 kWe, 370 kWt
Cnuka 11 — Petruvky, CZ, TEDOM Cento T 300 SP 300 kWe, 370 kWt
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BODERUS, from Belgium, produces Micro-CHP units (Figure 12)
that use biogas and natural gas. Commercially available units are in a
range of capacities from 10 to 383 kWe. For units using biogas, the
minimum criteria for chemical composition of bio gas are set, primarily for
a methane content of 80%. These units achieve 94% efficiency and are
designed to operate for 8,000 hours per year (Cummins Inc, 2014).

!

Figure 12— BODERUS
Puc. 12 - BODERUS
Cnuka 12 — BODERUS

The Italian ENERGIA NOVA company (Figure 13) produces small
gas engines for CHP units of 20 kWe, 47 kWt, based on the FIAT 1200
cc engine. The overall efficiency is 97% (29% - electric power, 68% -
heat power). Maintenance is recommended after every 1,500 operating
hours. NOx emission is very low. An ENERGIA NOVA report says that
users can save up to 40% of fuel per year using this CHP system.

Figure 13— ENERGIA NOVA
Puc. 13- ENERGIA NOVA
Cnuka 13 — ENERGIA NOVA
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Figure 14 - COGENCO (300kWe)
Puc. 14— COGENCO (300kWe)
Cnuka 14 — COGENCO (300kWe)

COGENCO (Figure 14), headquartered in the UK, produces and
sells CHP biogas units. Cogeneration units are from 116 to 1750 kWe
and from 186 to 1,737 kWt.

TOPEC BV (Figures 15, 16), from the Netherlands, produces small-
CHP biogas units from 100 to 1000 kWe. A TOPEC report states that fuel
saving is about 30%, and the overall efficiency is 90% (Cummins Inc,
2014).

Figure 15— TOPEC BV (190 kWe)
Puc. 15— TOPEC BV (190 kWe)
Cnuka 15— TOPEC BV (190 kWe)
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Figure 16 — TOPEC BV (340 kWe)
Puc. 16 — TOPEC BV (340 kWe)
Cnuka 16 — TOPEC BV (340 kWe)

-
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Techno-economic analysis of the application of CHP
technologies
Investment costs for maintenance and costs of CHP technology and
condensation boilers can be found in Table 1 (http://www.erec.org).

Table 1 — Investment and maintenance costs of CHP plants
Tabnuua 1 — Cmoumocmb uHeecmuyuli u codepxxaHusi TOC
Tabena 1 — LleHe uHeecmuuuja u odpxxasara CHP nocmpojera

Installation price (€) The cost of maintenance

(Ely)

Senertec 13750 100

Ecopower 11750 100

Solo 25000 75

Whispertech 9000 75

Idatech 140000 35

Condensing boiler 2000 35

A feasibility analysis is done for a QSK60 plant as an illustration,
based on the existing prices of energy products (Zuki¢ et al, 2005, pp.
259-262).

Table 2 — QSK60 Specification

Tabnuuya 2 — Cneyucpukayuss QCK60
Tabena 2 — Cneyugukayuja QCK60

Gas-generator set QSK60 1.16 MWe
Annual exploitation 8000 sati
The total investment 500 €/kWe 580.000 €
Operating and maintenance costs 7 €/MWhe
Electrical efficiency 33 -40% 38%
Thermal efficiency 40 - 50% 47%

Gas prices 16 €/ MWh
Heat versus gas costs 1.1

Price of electricity 25/3,5 36 €/ MWhe
The government initiative 10/ 25 €/MWhe 0 €/ MWhe

Table 2 provides the input data and the plant costs (Zuki¢ et al,
2005, pp. 259-262).

Table 3, on the one hand, shows the total cost of the exploitation by
MWh of electricity produced, and, on the other hand, shows the costs of
a classic, separate production. After about 5.5 years, the return on
investment is completely achieved. Note that this is a facility meant to
operate over 100, 000 hours (Said et al, 2005, pp. 259-262).

Radosavljevi¢, M., Application of small and micro cogeneration units, pp.431-445
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Table 3 — Example of assessing the cost-effectiveness
Tabnuuya 3 — lNpumep npoeHo3a 3KOHOMUYeCKoU aghghekmusHocmu
Tabena 3 — lNpumep ripoueHe ucnnamusocmu

Gas 39.5 €/ MWhe Heat 21.8 €/ MWhe

Service 7 €/ MWhe Electric energy | 36 €/ MWhe

Back-up 0 €/ MWhe Initiative 0 €/ MWhe
46.5 €/ MWhe 57.8 €/ MWhe

Bonus 11.3 €/ MWh 104.864 €/year

The cost- 18.08%

effectiveness

coefficient

Period of cost- 5.53 years

effectiveness

Therefore, in addition to energy efficiency and environmental
acceptability, small CHP plants are economically viable in the current
circumstances. The government initiative can help to reduce the time and
cost effectiveness to two or three years, because, in circumstances
where care is taken of strategy of use of natural resources, clean and
efficient technologies, this system is additionally subsidized for every
MWh produced.

Conclusion

Micro cogeneration is a technology of the future. It will definitely find
its wider application in Serbia if the Republic of Serbia decides to keep
up with global energy trends. Creating favorable conditions for the
realization of wider application would mean arranging legislative
framework, desirable new forms of financing, and the price of electricity
purchase should be included as well as environmental components.

CHP plants in Serbia could make three times more energy for
heating, so the existing number of approximately 450,000 central heating
customers could rise to more than one million. This would save 52% of
primary energy and pollutant emissions would be reduced by 72%
compared to the production of electricity from power plants and boiler
heat.

Stirling engines as part of CHP plants have the best possibility of
primary energy saving and CO2 emission reduction.

Solid biomass remains the main potential for a wide application for
cogeneration systems at small and micro levels. The development of
biogas supply systems should be developed to meet different
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requirements in terms of the chemical composition of biogas and its
impurities. Gas originating from biomass and used in gas engines or gas
turbines is another area of interest to small and medium-sized
cogeneration plants. The Stirling engine combined with a pellet burner
offers a solution that should be soon available.
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MPUMEHEHWME MAJIbIX N MUKPO-KOIMrEHEPALIMOHHBIX
YCTAHOBOK
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A3bIK CTATbW: aHrnuiickuin
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Peswome:

Lo 1973 e200a HuU3Kue ueHbl moriuea Mo380ss/U  [POU380ACMe80
omHocumeribHO Hedopoaou anekmpoaHepauu. OOHaKo peskuli pocm UeH
Ha monnueo npuses K paspabomke HOBbIX 3HEP2emu4YecKuX
mexHoroauli U K [108bILIEHUD  3QbGheKmMUBHOCMU  YCMaHOBOK.
OOHOBPEMEHHO, M0BbILIEHUE IKOT02UYECKOU 0C8e00MIIEHHOCMU, 8 MOM
yucre U 0OCO3HaHue rnpobrieMbl  ucYeprnaemMocmu  MPUPOOHbIX
SHepeopecypcos, mpebosasnu MoBbILIEHHO20 BHUMAaHUSI K OXpaHe
OKpyxxarowjel cpedbl U 0OCmMasuwUuxcsi pecypcos, makum obpasom marsibie
U  Mukpo-TOL|  cmanu  KOHKYypeHmMocrnocobHeimu  u  bonee
socmpebosaHHbIMU 8 0briacmu  sHepaornpomMbiwneHHocmu. CLIA u
KaHada Ha ceeo0HAwWHUL OeHb 6 3amoM rfaHe omcmarom om
€8porelicko2o U SIMOHCKO20 pa3sumusi MUKpPO2eHepayuu, 4acmu4yHo U3-
3a pasfnuyul 8 cucmeme OMmOIIeHUs, CMOUMOCMU 3IEKMPO3HeEPaUU U 8
ceda3u Cc nonumuyYyeckumu  pamkamu. [lodnucaHuem  Kuomckoeo
rnpomokorna, 5lnoHusi obsisasiacb COKpamumpe  8o30elicmeue  Ha
enobarnbHoOe rnomeriieHUe, mMmo ecmb, 8bibpockl Ha 6% om obwezo
yposHsi 8bibpocos 3a 1990 200. OdHako yposeHb 8bibpocos CO2 ece
ewe npodomkaem pacmu, a 3mo 3Ha4um, 4Ymo 8 Hacmosiuee e8pemsi
SnoHus A docmuxeHus1 cgoeli uesnu domKHa cokpamume 8bI6pockl Ha
14%. B OdaHHOU ces3u SnoHusi nponazaHOupyem 6ce B03MOXHble
criocobb! aghghekmueHo20 CHUXeHuUs1 eblbpocoe CO2. HnoHusi b6ydem
aKkmueHo rnpodosnkame oddepxusams MapKemuHa MUKpOo2eHepayuu,
0COb6eHHO MmoOesu, nooxodsuwue O OMOIeHUs XXurbiX 30aHudl.
lpoeHo3upyemcsi, 4mo 8 bnuxaliwue HecKorbko fiem 6 Espone
rpou3800CcMB0 37IeKMPOIHepaUU C MOMOWbBIO Ko2eHepauuu docmuzHem
75% om obwezo obrema npoussodcmea 8 uesiom. Tak, Hanpumep, 8
Wmanuu npou3sodcmeo 80306Hoensiemol aHepeuu cocmasnsem 30%
om obuwezo obrema nompebrieHusi; 8 HudepnaHdax — 33%, a HaHus u
BenukobpumaHusi nodmu nofHOCMbO nepewrnu Ha OaHHbIU 8ud
SHepeonpou3soocmea.

Kntouesble crioga: MUKpO-Ko2eHepauusi, marnbie TOL.

NMPUMEHA MATNTNX N MMKPOKOIEHEPALIMOHNX NMOCTPOJEHA

Munan P. PapocaBrbeBuh
dakynTeT MHXeHepckux Hayka, Kategpa 3a eHepreTvky 1 NpoLeCcHY TEXHUKY,
KparyjeBau,

OBJIACT: xemujcke TexHonoruje
BPCTA UJTIAHKA: cTpy4HM unaHak
JESUNK YJTAHKA: eHrnecku
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Caxemak:

o 1973. eoduHe Hucke ueHe zopusa omoeayhasarie cy npou3sodry
penamusHo jegpmuHe erfieKmpuyHe eHepeuje. Haenu nopacm uyeHa
e2opuea u3aseao je nompeby 3a paseuja-eM eHepaemCcKUX mexHorioauja
u rnoseharem egbukacHocmu rocmpojerka. VicmospemeHo, rosehaHa
eKoJlowiKa ceecm, Kao U ca3Harbe O C8e CUPOMaWHUjuM u380puMa
eHepeauje, 3axmesaro je rnoceeherwe eehe naxme odysarby OKOUHE U
rpeocmarnux pecypca, rna cy mana u MUKpOKOo2eHepayuoHa rnocmpojer-a
rnocmarna egbukacHu U KOHKypeHmHu rpousgohayu eHepauje. Cjedur-eHe
Hpxaee u KaHada mpeHymHO cy y 3aocmamky y OOHOCY Ha pa3sof
€8POrICKUX U jaraHCKUX MUKpPOKO2eHepayuja, 0enumMuyHo 36oe pasrnuka y
cucmemMuMa 2pejarba, UeHe eHepauje U nonumuykux oksupa. Kjomo
rpomokorsioM JanaH je y obase3u 0a cmarbu ceoje eriobanHo 3azpesars-e,
O0HOCHO emucujy eacosa 3a 6% 00 Hueoa u3 1990.e0duHe. Unak,
emucuja CO, u darbe pacme. [Npouersyje ce Oa JanaH mopa da cMarsu
emucujy 3a 14% kako bu ucriyHUO Yurb, Kao u Oa ripomosulue cee moayhe
HayuHe Oa egbuxkacHo cmaru emucujy CO, C mum y ee3u, JanaH he
Hacmasumu Oa OQaje nOOpPWKYy MapKemuHay MUKDPOKO2eHepauuje,
rnocebHo OHux Mmodenia Koju Cy Mo200HU 3a cmambeHe objekme.
lpouersyje ce da y HeKonUKO HapelOHUX 200UHa Mpou3soda eHepauje
KoeeHepauyujom GocmueHe 75% yKyrnHe rpou3eodH-e Ha HU8OoY uerne
Eeponie. Exonowka eHepauja y Umanuju yuHu 30% yKyrnHe nompouirse,
y XonaHOuju 33%, a y [aHckoj u Benukoj BpumaHuju eomoeo je
1omMyHo 3acmyrsbeHa.

KrbyuyHe peyu: MUKpOKO2eHepauuja, Mana KoeeHepauuja.
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