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Introduction

Strong dependence on imported energy sources, growth of fossil fuel and electricity prices and environmental concern are the main reasons for
increase of use of new renewable energy technologies in the Latvian energy sector. Fuel cell cogeneration technologies (FC CHP) will take an
important part in Latvian energy sector in the future since FC CHP provides with opportunity to use domestically produced biofuels such as
bioethanol in distributed cogeneration units and thus decrease energy imports and minimize CO; level. In order to promote use of FC
cogeneration systems, techno-economic feasibility as well as the critical factors that influence that feasibility must be well understood.

The main goal of the work was to make techno-economic feasibility analysis of FC CHP plant based on proton exchange membrane (PEM)
technology with installed electric capacity of 1 MW using bioethanol as a fuel. The main task of the feasibility analysis was to determine
electricity production costs per | MWh depending on fuel costs and investment, considering also revenues from sales of CO, credits which are
provided by fossil fuel savings relative to separate heat and power production. The obtained electricity production costs reflect the minimum
electricity price, which would recover investments in FC CHP during its economic lifetime, and this price is compared with the purchase price of
electricity grid in order to judge economic feasibility of the FC CHP. Techno-economic model is built with “RETScreen 4.0” [1] simulation
program, and it is considered in the calculations that hydrogen is produced from bioethanol via autothermal reforming process.

Modelling of bioethanol fuel cell cogeneration system

The modelling is done by comparing two “base scenarios” in which heat is produced in natural gas fired boiler and electricity is produced in
either coal fired condensing power plant (“base scenario I”’) or natural gas fired combined cycle condensing power plant (“base scenario II”’) with
the “CHP scenario” in which FC CHP operates according to heat load producing heat and electricity, and the peak heat load is supplied by
natural gas fired boiler. The electricity production costs per 1 MWh for the “CHP scenario” is found by assuming that all electricity produced by
FC CHP is sold to the grid, and the price is adjusted to the value that gives zero net present value equal during economic lifetime of the project at
the given discount rate. Electricity purchase price, calculated according to Latvian legislation currently is 107 LVL/MWh,' for the considered
fuel cell CHP system at the present moment. Although the electricity purchase price, according to the existing legislation, is calculated by using
price of natural gas which will more likely continue to increase in the future, the present electricity price is chosen for judgment of economic

"1 LVL =142 EUR
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feasibility of the modelled FC CHP system. Revenues from heat sales for the “CHP scenario” are equal to the fuel costs of producing the same
amount of heat in natural gas fired boiler as in the “base scenario”. PEM fuel cell (PEMFC) technology is chosen for analyzed system since it is
well suited for use in small scale cogeneration plants due to its high capacity density, low operation temperatures, fast start-up and relatively
simple construction. Fuel, i.e. hydrogen costs depend on efficiency of the autothermal reforming process, and the yield of hydrogen for the model
is assumed to be in the range from 143 g to 263 g (theoretical maximum) of the hydrogen from 1 kg of bioethanol. The technical description of
the “base scenario” is shown in Table 1.

Table 1.
Technical description of the heat production system in the “base scenario”

Characteristic Values, type

Heat production:

Technology/fuel Boiler/natural gas
Average annual efficiency 85 %

Maximum heat load of the considered system 2.4 MW,

Domestic hot water demand 10 % of total heat demand
Total amount of heat produced annually 6 223 MWh;

Annual fuel consumption 775729 m’

Fuel price’ 212 LVL/thous.m’

Electricity production ,.base scenario I*:

Steam turbine condensing
plant/coal
Thermal efficiency 40%

Electricity production ..base scenario II*:

Technology/fuel

Gas turbine combined

Technology/fuel cycle condensing
plant/natural gas

Thermal efficiency 60%

Electricity produced per annum in both scenarios 3910 MW,

The above two types of condensing power plant technologies were chosen because these are the electricity base load generation technologies
which are currently planned for installation in Latvia, and it can be considered that the power produced in PEMFC CHP will replace the
corresponding amount of the electricity produced in these plants. It was also assumed that the electricity losses in transmission and distribution
networks for the “base scenario” is 12 % of the produced electricity. No transmission and distribution losses are considered in the “CHP
scenario” since it can be assumed that PEMFC CHP is located close to consumers.

In the fuel cell “CHP” scenario the PEMFC CHP in combination with natural gas boiler should provide the total heat amount needed which is the
same as in the “base scenario” (Tab.1). Installed heat capacity of PEMFC CHP equipment is chosen equal to 0,5 of the maximum heat load of the
considered system (Tab.2). Climatic conditions for Riga city were taken from “RETScreen 4.0” climate data base in order to calculate heat
demand.

Table 2.
Technical description of the “CHP scenario"
Characteristic Values, type
PEMFC CHP system:
Fuel Hydrogen
Installed heat capacity 1,2 MW;
Installed electric capacity 1 MW,
Heat rate 9000 kJ/kWh,
Minimum operating power capacity 25 % of installed
Annual fuel consumption 287 625 kg
Electricity exported to grid annually 3 910 MWh
Total heat amount produced annually 4 692 MWh;
Heating peak load system:
Technology/fuel Heating boiler/natural gas
Installed heat capacity 2.4 MW,
Average annual efficiency 85 %
Total heat amount produced annually 1 531 MWh;
Annual fuel consumption 190 827 m’

The price range of bioethanol used in the calculations of the “CHP scenario” is from 0,12 LVL/I, to 0.60 LVL/], and the upper value represents
the bioethanol price level in Latvia [2, 3]. Economic lifetime of PEMFC CHP is assumed to be 8 years since expected technical lifetime of such
systems in future is approx. 40 000 h [4]; however, it is assumed in the cost calculations that partial replacement of fuel stack resulting in 20% of

% All taxes are excluded; the price is calculated for natural gas LHV 9.19 MWh/thous.m”.
3 12% of power transmission and distribution losses is added to this value to calculate greenhouse gas (GHG) emissions.
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the initial investment costs is done after 5 years of operation. Total investment costs in PEMFC CHP plant including heat peak load boiler are 1
728 LVL/kW. and estimate of PEMFC equipment costs was based on the FC CHP technology review [5]. Operation and maintenance costs are
12,2 LVL/MWhe,. Financial parameters that are used as an input in the model are the following:

e annual fuel price incremental rate — 3 %j;

e annual inflation rate — 4 %;

e discount rate — 12 %;

e annual increase of the price of electricity sold by PEMFC CHP to the grid — 3%;
e GHG emission credit rate — 17.6 LVL/t COa».

Results of the modelling

The main cost item apart from the capital costs which affect PEMFC CHP electricity production costs is hydrogen fuel costs which is
determined by bioethanol price and the bioethanol reforming efficiency. Therefore, the dependence of electricity production costs on bioethanol
reforming efficiency and price of the bioethanol is shown in the Fig. 1 where the bioethanol reforming efficiencies are limited between the
theoretical maximum and minimum which reflects the efficiency achievable in autothermal reforming process at present moment. The scenario
of “no investment costs” reflects the somewhat extreme situation when all investment is covered by some financial support.
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Figure 1. Dependence of electricity production cost on bioethanol reforming efficiency, bioethanol price and investment costs in PEMFC CHP
plant. Hymin — 143 g Hy/kg ethanol; Hymax — 263 g Ho/kg ethanol; high investment costs — 1 728 LVL/kW, [5]; no investment costs — 0
LVL/kW..

As can be seen from Figure 1, as the bioethanol price increases, the impact of the bioethanol reforming efficiency on the electricity production
costs increases as well. At the minimum bioethanol reforming efficiency in the case of “no investment costs” 1 MWh electricity production costs
do not exceed the electricity purchase price if bioethanol price is less than 0,21 LVL/l. At the maximum bioethanol reforming efficiency the
bioethanol price can be increased to 0,39 LVL/I in order for | MWh electricity production costs remain competitive with the electricity purchase
price if “no investment costs” case is considered.

Since the bioethanol is assumed to be CO,-neutral, use of PEMFC “CHP scenario” allows to achieve GHG* emission reduction relative to the
“base scenario I’ by 94 % or 5 369 tCO, eq., and relative to the “base scenario II” by 89 % or 2 993 tCO; eq.

Conclusions

The results of techno-economic calculations show that the electricity production costs per 1 MWh, by bioethanol fuelled PEMFC CHP system is
in the range from 13,3 LVL/MWh, to 447,3 LVL/MWh, depending on the bioethanol reforming efficiency, price of the bioethanol and
investment in the cogeneration plant. The most critical factor which influence the electricity price from PEMFC CHP systems is the fuel price
and calculations show that it is feasible to achieve the level of current electricity purchase price from CHP plants set by Latvian legislation if
bioethanol price does not exceed 0,15 LVL/l and the reforming efficiency is close to theoretical maximum which is 263 g Hy/kg ethanol if no
financial support is provided. As calculations readily demonstrate, importance of reforming efficiency of bioethanol on economic feasibility of
PEMFC CHP increases with increase of bioethanol price therefore scientific research seeking to maximise the reforming efficiency is critical for
promotion of the considered cogeneration technology.
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Porubova J., Markova D., BaZbauers G., Valters K. Bioetanola kurinama elementa kogenerdacijas stacijas tehniski ekonomiskais aprékins

Kurinama elementa kogenerdcijas sistemas, kas ka kurinamo izmanto bioetanolu, lauj mazinat Latvijas atkaribu no importetajiem fosilajiem kurinamajiem un
elektroenergijas importa. Darba tika veikta bioetanola kurinama elementa kogenerdcijas sistémas ar 1 MW uzstadito elektrisko jaudu tehniski ekonomiska modelésana,
izmantojot imitacijas programmu ,,RETScreen 4.0”. Darba galvenais merkis bija noteikt, kada ir minimala elektroenergijas pardoSanas cena, kas lautu atpelnit kurinama
elementa kogenerdcijas stacija iegulditas investicijas, lai salidzindtu So cenu ar elektroenergijas iepirkuma cenu, kada saskana ar speka esosajiem Latvijas normativajiem
aktiem tiek piemérota kogeneracijas stacijam. Darba rezultati parada §is minimalds elektroenergijas pardoSanas cenas vértibas atkariba no vairakiem biitiskiem faktoriem:
bioetanola parveidosanas efektivitates, bioetanola cenas un investiciju apjoma. Darba rezultati parada, ka iidenraza cenai, kuru, savukart, nosaka bioetanola parveidosanas
efektivitate un bioetanola cena, ir visbitiskaka ietekme uz aplitkoto kogenerdcijas sistému tehniski ekonomisko iespéjamibu. Salidzinot aplitkoto kogeneracijas sistému ar
dalitu siltuma un elektribas razosanu, tika noteikts potenciali iespéjamais primaro energoresursu ietaupijums un SEG emisiju daudzuma samazinajums divu dazadu dalitas
elektroenergijas razoSanas avotu— oglu kondensdcijas un gazes-tvaika turbinas kombinéta cikla kondensacijas elektrostacijas - gadijuma.

Porubova J., Markova D., Bazbauers G., Valters K. Techno-economical feasibility analysis of bioethanol fuel cell cogeneration syste

Fuel cell cogeneration technologies (FC CHP) using bioethanol as a fuel allow to reduce dependence of Latvia on imported fossil fuels and electricity. In order to promote
use of FC cogeneration systems, techno-economic feasibility as well as the critical factors that influence the feasibility must be well understood. The techno-economic
modelling of FC CHP system with installed electric capacity of 1 MW, by using “RETScreen 4.0” simulation program is done in the work. The central aim of the model is to
estimate the minimum electricity price, which would recover investments in FC cogeneration systems during the system’s operation period, and compare this price with the
price from the electricity grid. The results of the work show the dependence of the minimum electricity sales price on several critical factors: bioethanol reforming efficiency,
price of bioethanol and the investment amount. The results show that the most critical factor affecting the economic feasibility of the FC CHP system is the price of hydrogen
which, in turn depends on bioethanol reforming efficiency and the price of bioethanol. The potential primary energy savings and reduction of GHG emissions are relative to
separate power and heat production and are determined for two scenarios of separate power sources — coal fired condensing power plant and gas turbine combined cycle
power plant.

Ilopybosa E., Mapkoea /., Baxcoaysp I'., Banmepc K. Texnuuecku-akoHomMuueckuil pacuém Ko2eHepauuoHHOU CMAaHyuu Ha 0CHO8e MONIAUBHO20 IJIEMEHMA, UCNOIb3YA
0u0IMano KaK moniueo

Koecenepayuonnvie cucmemvl Ha 0CHOBE MONAUBHO20 INEMEHMA, KOMOPbIE UCNOb3YIOM OUOIMAHOL KAK MONAUBO, NO3GONSION YMEHbUWUMb 3aducumocms Jlameuu om
UMROPMUPYEMBIX HEBO30OHOBTIEMbIX IHEP2OPECYPCO8 U UMROPMA dJleKmpoIHepeuu. B pabome npouzeedeno mexuuuecku-sKOHOMUYECKOe MOOEIUPOBAHUE KO2EHePAYUOHHOU
cucmemyvl Ha OCHO8e MONIUBHO20 dNIeMEeHmAa, UCNONIb3YeM020 OUOIMAHOL KAK MONIUBO, UCNONb3Y UMUumayuouuyto npoepammy ,,RETScreen 4.0”. Inasnas yenv pabomol -
onpedenums Kako8a MUHUMALbHAS YeHA 30 9AEKMPUYecmso, KOmopds NO380JuNA Obl 603MeCMUmb UHEECIUYUY, BlI0JCEHHble 8 CMAHYUIO, U CPAGHEHUe SMOoU YeHbvl ¢
3aKYNOUHOU YEHOIU HA INEKMPUYECMBO, PACCUUMAHHOU 8 COOMBEMCMBUL C 3AKOHOOAMENbCMEoM Jlameuu 6 OmHOueHUY KO2eHepAYUOHHbIX cmanyuil. Pesynvmamor pabomul
NOKA3bIBAIOM 30A6UCUMOCHTb IMOU YEHbl OM MHOSUX CYUWECMBEHHbIX (Pakmopos: s¢pghexmuenocmu pepopmunea 6UOIMAHONA, YeHbl HA OUOIMAHOL U pA3Mepd UHBECHUYUIL.
Peszynomamer pabomel nokasvlearom, umo yeHa Ha 6000p00, KOMOPYIO onpeodeisem SP@eKmusHocmb pepopmunea OUOIMAHONA U YeHA HA OUOIMAHONL, uMeem Camoe
CcywjecmeeHHoe GIusiHUe HA MEeXHUYECKU-IKOHOMUYECKUE BOZMONCHOCMU PACCMOMPEHHOU KOo2eHepayuonHol cucmemvl. CpasHueas paccMoOmpeHHyl0 KO2eHepayuoHHYIO
cucmemy ¢ pazoenbHbIM NPOU3B0OCMEOM MENIA U INEKMPOIHEP2UU, OblId ONpedeieHd NOMEHYUATbHO GO3MONICHASL IKOHOMUSL NEPEUYHBIX IHEPLOPECYPCO8 U YMEHbUUEHUE
NAPHUKOBBIX 20308.
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