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Introduction

Latvian energy system has one of the highest penetration rate of district heating, and one of
the lowest share of domestic electricity production among countries of EU. Therefore, use of
CHP in district heating to decrease dependence on imported electricity and fuel as well as to
minimise the environmental impact of heat and power supply is feasible solution that has to
be promoted. The main target of the work was to continue investigation of potential heat loads
of district heating available for CHP plants, selection of appropriate CHP technologies
corresponding to the size of the district heating systems and available fuel, and creation of
model where electricity prices from the studied CHP plants could be determined. Studies of
CHP potential, based on actual fuel consumption in nearly all Latvian district heating systems
with Winter maximum heat load exceeding 1| MW was done and the results are presented in
this work. These results allowed to evaluate an amount of heat and electricity which could be
potentially produced in Latvia by CHP plants, and corresponding saving of primary energy
resources compared to separate heat and power production. Furthermore, the calculated
savings of primary energy resources made it possible to estimate potential reduction of
environmental impact when CHP production is compared with separate heat and power
production. This reduction of environmental impact is expressed in tons of CO,, NOx and SOy
eliminated by CHP, and corresponding monetary value of this reduction is found by looking
at CO, prices in emission trade market and estimates of externalities of these pollutants. With
help of the model of economic calculations, investment needed to exploit the studied CHP
potential is calculated, and prices of produced electricity by various CHP technologies are
calculated. The calculation includes also fuel price forecast in order to compare prices of CHP
electricity with forecast of general electricity price level during time period of up to 2020. The
fuels that are considered to be used by analysed CHP systems are natural gas, wood and coal.
Thus, the economic calculation model helps to find the optimum scenario for utilisation of
CHP potential in Latvia during the considered time period with target condition that the
weighted average electricity price from CHP plants is kept at minimum.

Calculation methods and results
The heat load which could be available for potential cogeneration plants is calculated on basis
of data about fuel consumption in analysed district heating systems during year 2003. The

calculation starts with finding of heat produced during one year based on known figure of fuel
consumption:

QT:EF'USQ'QLCa (1)

where



Or— amount of heat produced in the given district heating system';
Ep - fuel consumption in given district heating system;

nsp — efficiency of heat production;

Of - lowest heating value of the fuel.

Heat load for potential CHP plants is determined based on heat production during Winter
time, therefore the average heat load of the given district heating systems is determined as
follows:

Qp = (0, +0,,,) /4502, 2)

where

Qo— average heat load of the given district heating system;

On, Onnw —amount of heat produced for heating and hot tap water supply respectively;

4502 — represents average heat load duration during Winter according to the chosen
load duration curve for this analysis.

Total amount of heat produced Or was split up in O, and Oy, by assumption that about 90%
of the heat on annual basis is produced for needs of heating. There are no accurate data about
the share of heat for needs of hot tap water supply in the total amount of heat available
however practical observations in some district heating systems show that this may be a quite
accurate assumption.

The heat load suitable for cogeneration is taken to be less than the average heat load of the
given district heating system, i.e. 40% of the maximum heat load, which is twice as large as
Qp. Depending on heat load and fuel available for cogeneration, the most suitable
cogeneration technology for each district heating system is selected achievable amount of
power generation, total fuel consumption by the cogeneration plants and separate heat and
power production systems, corresponding fuel savings and potential reduction of CO,, NOy
and SO, emissions is determined according to the same principles as in [1].

It is assumed, that small cogeneration systems with installed heat capacity up to 4 MW use
gas engine technology; medium and large systems — gas turbine combined cycle systems. It is
assumed that wood cogeneration plants use steam turbine technology.

Main types of fuel which can be considered for cogeneration systems in Latvia are natural
gas, biomass and coal. Coal fired cogeneration system is considered for Ventspils city.

Thermal efficiency of separate electricity production for systems using natural gas is assumed
to be 55%. Efficiency of separate heat production for natural gas systems is assumed to be
90%. Thermal efficiency of separate electricity production for systems using coal and wood is
assumed to be 35%. Efficiency of separate heat production for coal/wood-fired systems is
assumed to be 85% [2].

!"Each town or city is considered to be as one district heating system even if heating network is not
interconnected yet.



Table 1. Comparison of results for cogeneration and separate power and heat production
system calculated for one year

Natural gas Wood Coal
Heat production volume, GWh 5394 428 190
Power production volume, GWh 5003 86 86
Fuel consumption in cogeneration systems, | 12 998 619 345
GWh
Fuel consumption by separate heat and power | 15 092 748 367
production, GWh
Fuel saving, GWh 2 094 129 22
Reduction of NO, emissions, t 1 508 - 6
Reduction of SO, emissions, t - - 313
Reduction of CO, emissions, t 422 978 - 7782
Provided CO; savings expressed in monetary | 2.1 - 0.039
terms of CO, market, MUSD

Estimates of CHP potential and analysis of the acquired results guide to a conclusion that
approximately 80% of total district heat demand of Latvia could be covered by CHP, meaning
about 40% increase of the heat share which is produced in CHP plants relative to the current
situation. Results of the work also show that development of CHP plants could greatly reduce
necessity for imported electricity since almost all country’s yearly power consumption can be
covered by cogeneration. The results show that cogeneration could save as much as 2245
GWh of fuel per year relative to a separate power and heat production (Tab.1), providing
corresponding reduction of pollutant emissions into atmosphere.

It is assumed in this work, that market price of CO; is 5 EURO/t under conditions of emission
trade, and the result (Tab.1) shows that CO, savings provided by CHP could be up to 2.1
MEUR.

Procured amounts of emission reduction are marked in monetary terms and thus reduction of
“externalities” created by emissions are determined by analysis of costs to society generated
by respective environmental impact of main pollutants considered in this work (NOy, CO, and
SO,). The following values were used to express the possible impact of hazardous pollutants
as externality in monetary terms [3]:

e CO,-0,95LVLA;
e NOx—-56 LVL/;
e SO, —36 LVL/A;

By using the above values of specific externality caused by each pollutant, corresponding
reduction of total externalities by cogeneration relative to separate power and heat production
were calculated and the values are shown in Table 2. Amounts of reduction of each pollutant
were taken from Table 1.



Table 2. Amount of externalities avoided by the cogeneration systems relative to separate
power and heat production, in LVL per year

Natural gas Coal
Avoided CO, externality 400 518 7 368
Avoided NOy externality 83976 312
Avoided SO, externality - 11 349

Results in Table 2 show that the total reduction of externalities created by environmental
impact of main pollutants is nearly 500 000 LVL. If market value of CO; reduction is added
to this amount, then figure of nearly 2,6 MLVL is achieved. If this economic benefit is
allocated to the total amount of power produced by considered cogeneration systems, an
almost 0,5 LVL ofbonus that could be allocated to each MWh of power produced is obtained.
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Figure 1. Electricity price forecasts

The second part of the work was to estimate the prices of power produced by potential
cogeneration plants and compare these prices to the power purchase price set by legislation
for CHP plants with electrical capacity up to 4 MW. The results are shown in the Figure 1.

As can be seen from the Figure 1, only electricity production costs of wood-based
cogeneration plants are equal to current obligatory CHP electricity purchase tariff from those
plants. After the year 2006, the power price from wood-fired CHP’s will be cheaper than
power prices of natural gas CHP plants if the assumed fuel price increase scenario will hold.
The power price from coal-fired CHP plants will be cheaper then power price from natural
gas CHP plants after the year 2012.



The power price calculation was done based on fuel price forecasts which are shown in Figure
2 [4]. Forecasts of natural gas prices are made for two scenarios: 1% scenario assumes growth
of prices of natural gas by 6% per annum; the 2nd scenario - annual growth equal to Latvian
inflation forecasts. Forecast for wood prices assumes growth or prices by 1% per annum, for
coal - by 0,9% per annum [4].
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Figure 2. Fuel price forecasts

Conclusions

The obtained results show that Latvia could increase installed heat capacity of CHP units up
to around 1330 MW, and produce cogeneration heat amount equal to nearly 80% of total
Latvian heat demand. With help of all CHP potential Latvia could produce nearly 5200 GWh
of power, that is close to 79% of total power consumption in Latvia, and reduce fuel
consumption for about 2 250 GWh/year relative to separate heat and power production.

If the cost-benefit analysis is done on pure environmental basis, then results of the work show
that the total benefit in monetary terms provided by potential sales of CO, emissions and
avoided externalities is 2,6 MEUR but required total investment in cogeneration plants is
nearly 720 MEUR.

The results show that the existing electricity purchase prices set by regulation authority to
CHP plants with electrical capacity up to 4 MW are less than the costs of power production
by coal and natural gas fired CHP plants. The work also shows that if the price of natural gas
will increase as fast as forecasted that gas-fired CHP plants will loose competitiveness
comparing to wood and coal fired CHP plants already by year 2006 and 2012 respectively.
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Markova D., BaZbauers G., Kundzina A. Kogeneracijas potenciala ekonomiskd modeléSana Latvijas
energoapgades sistemd.

Darba izvértets iespejamais kogenerdcijas potencials Latvija, balstoties uz Latvijas pilsétu centralizétas
siltumapgades sistému kurinama patériniem. Salidzindts kurinama patérins kogenerdcijas iekartas un dalitas
siltuma un elektribas razoSanas iekartas, nosakot iespéjamo kurinama ietaupijumu. Balstoties uz kurinama
ietauptjumu, tika iegiits iespejamais kaitigo izmeSu samazindajums, un tika novértéts S§1 samazindjuma
ekonomiskais ieguvums. Darba tiek veikta potencialo kogenerdcijas staciju tehniski - ekonomiska modelesana,
un ar §is modeléSanas palidzibu tiek aprékinata kogenerdcijas tehnologiju razotas elektroenergijas cenu
prognoze, kas tika salidzinata ar esoSo obligato elektroenergijas iepirkuma tarifu no kogenerdcijas stacijam.

Markova D., BaZbauer G., Kundzina A. Economic modelling of CHP potential in energy supply system of
Latvia.

Cogeneration potential in Latvia based on fuel consumption of district heating systems of Latvian towns is
evaluated in the present work. Fuel consumption of cogeneration equipment and separate power and heat
production equipment is compared and potential of fuel savings is determined. Potential reduction of pollutants
is determined by using estimate of fuel savings, and economic benefit of this reduction is calculated. Technical
and economical modelling of cogeneration potential is performed in the work and forecasts of electricity prices
produced by each cogeneration technology are calculated with help of modelling. The obtained electricity price
forecasts are compared with current obligatory electricity purchase tariff from cogeneration plants.

Mapxkosa /l., baxcoaysp I'., Kynozunsa A. Ikonomuueckoe mooenuposanue KO2eHepauuoHHo20 nomeHuuana
07151 TAMGUIICKOU CUCIEMbL IHEP2OCHADICEHUA.

B pabome npoussedena oyenxa B03MONCHO2O KO2eHEPAYUOHHO20 NomeHyuana Jlameuu, OcCHOBbIBAACL HA
obvemax nompeobieHus MONIUBA YEHMPALbHBIX CUCEeM MeniocHabxcenus 2opooos Jlameuu. Ilpoussedeno
cpasHeHue nompeobneHuss MONIUBA 8 KO2EHEPAYUOHHBIX YCIMPOUCMEAX U NpU pa30eIbHOM NPOU3B00Cmee menid
U DNeKMpUHEeCmed, ONPeoenus BO3MOICHYIO IKOHOMUI0 monausa. OCHOBLIBAACH HA IKOHOMUU MONIUBA,
BbIYUCIEHO BO3MOJCHOE YMeHbUleHUe 6blOPOCO8 6 ammocepy U OyeHeHd ux IKOoHoMuyeckas npubviib. B
pabome npou3eeo0eHO MEXHUYeCKU - IKOHOMUYECKOe MOOenUposanue NOMEHYUANbHbIX KO2EHePaYUOHHbIX
CMaHyutl, U ¢ NOMOWYBIO IMO20 MOOETUPOBANUS, PACYUMAH NPOZHO3 HA YEHY INEKMPOIHEP2UU KOSEHEPAYUOHHBIX
mexHono2utl, KOmopulli  Obll  CONOCMAGIEH  HACMOAWeMy  00A3aMeNbHOMY — 3AKVHOYHOMY — mapugy
9NEeKMPOIHEPeUU O KO2EHEPAYUOHHBIX CINAHYULL.



