Estimation of CHP potential contribution to sustainable energy supply of Latvia.
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Introduction

Sustainable energy supply policy is targeted on reduction of the country’s dependence on imported energy resources and environmental impact of energy supply. One of the most effective tool towards achievement of sustainable energy supply of Latvia is based on increase of the share of heat and power produced in cogeneration mode. The maximum possible CHP potential provided by heat loads and available fuel type of district heating systems (DHS) of Latvian towns are estimated in the work. Only those DHS which use or could use in future a natural gas for cogeneration and have plans of use of coal are included in the scope of this work. Goal of estimates of CHP potential is to determine savings of primary energy resources compared with separate heat and power production process if all estimated CHP potential is employed. The aim of the work, apart from determination of physical amount of fuel savings, which arise in result of cogeneration, is also a quantitative evaluation of economic benefits achieved by reduction of amount of CO2 and other harmful emissions into environment.

On the basis of heat loads and available fuel of individual DHS, economically most suitable cogeneration technologies are chosen and quantities of heat and power production as well as fuel consumption are determined. Amount of fuel savings is found by comparing fuel consumption for CHP production with fuel consumption, which could result in separate heat and power production process which is justified for Latvian energy sector. Using the calculated fuel savings, emissions of CO2 and other harmful air pollutants are determined and expressed in monetary terms. 

Calculation methods and results

Amount of heat production by cogeneration plants, is calculated for the scenario which assumes operation of cogeneration plant only in Winter time, supplying heat energy for heating and hot tap water needs. Based on average heat loads for heating with duration time of 4000 hours and hot tap water supply of Latvian DHS, the total amount of heat production by cogeneration plant for specific DHS is determined as follows [2]:  
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where 


EQ – amount of produced heat;


Qh, Qhtw – average heat loads for heating and hot tap water supply respectively.

Depending on heat load and fuel available for cogeneration, the most suitable cogeneration technology for each DHS is selected, and that determines achievable amount of power generation by the following relation:
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where


EW -  amount of produced power;


( - power to heat ratio.

It is assumed that small cogeneration systems with installed heat capacity up to 5 MW (Tab.1) use gas engine technology, medium and large systems – gas turbine combined cycle systems. Circulating fluidized bed and steam turbine technology is assumed for coal fired cogeneration system.

Table 1. Power to heat ratios selected for cogeneration systems depending on fuel type and installed heat capacity

Fuel type
Installed heat capacity of cogeneration system, MW
Power to heat ratio

Natural gas
< 5 
0,5

Natural gas
< 80
0,8

Natural gas
( 80
1,0

Coal
< 80
0,4

It should be noted that if weighted average power to heat ratio is calculated by weighting heat loads of each specific DHS, the value obtained is nearly 1,0, since largest DHS (Riga, Daugavpils, Liepāja) which allow power to heat ratio of 1,0 take nearly 90% share of the total cogeneration heat load [2].

Main fuel types which can be considered for cogeneration systems in Latvia are natural gas, biomass and coal. Since, biomass can be considered as CO2 neutral, only natural gas and coal were considered as the fuel for cogeneration systems in this work. Coal fired cogeneration system is considered for Ventspils city. Consequently, the actual potential of power generation by cogeneration systems is even larger than estimated in this work since biomass fired cogeneration systems would add to power generation volume.

Total fuel consumption in cogeneration plants can be determined as in equation (3).
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where


ECHP F – total fuel consumed by cogeneration plant;


(  - total fuel utilization efficiency.

Total fuel utilization efficiency is assumed to be 85% for all cogeneration systems.

Condensing plant and water heating boiler plant with the same fuel type as for cogeneration systems are considered as alternative separate power and heat production systems. Total fuel consumption of separate production of the above power and heat energy can be determined as follows:
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where


ESF  - total fuel consumption by separate power and heat production systems;


(SW – thermal efficiency of separate electricity production;


(SQ – efficiency of separate heat production.

Thermal efficiency of separate electricity production for systems using natural gas is assumed to be 55% which corresponds to achievable efficiency of up-to-date natural gas fired combined cycle condensing power plant which could be considered as power production alternative for Latvian power system. Efficiency of separate heat production for natural gas systems is assumed to be 90%. Thermal efficiency of separate electricity production for systems using coal is assumed to be 40% which corresponds to achievable efficiency of coal fired steam turbine condensing power plant which could be considered as power production alternative for Latvian power system when coal is considered as a fuel. Efficiency of separate heat production for coal-fired systems is assumed to be 85%.

Then the fuel savings are calculated by following equation:
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To see how much of reduction of CO2 emissions can be achieved by cogeneration relative to separate power and heat production, the following formula was used:
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where


XCO2 – reduction of CO2 emissions, t;

(CO2 – reduction of CO2 emissions per unit of fuel saved, t/GWh.

Reduction of NOx and SO2 emissions provided by cogeneration relative to separate power and heat production can be calculated using the same principle as in equation (6) [1]. 

Table 2. Comparison of results for cogeneration and separate power and heat production system calculated for one year


Natural gas
Coal

Heat production volume, GWh
6 501


316

Power production volume, GWh
6 304


126

Fuel consumption in cogeneration systems, GWh
15 065


520

Fuel consumption by separate heat production, GWh
7 223


371

Fuel consumption by separate power production, GWh
11 462


316

Fuel saving, GWh
3 620


167

Reduction of NOx emissions, t
1 955


142

Reduction of SO2 emissions, t
-
9

Reduction of CO2 emissions, t
731 358


57 549

Provided CO2 savings expressed in monetary terms of CO2 market, MUSD
7.3
0.6

Estimates of CHP potential and analysis of the acquired results guide to a conclusion that approximately 77% 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 3787 GWh of fuel per year relative to a separate power and heat production (Tab.2), providing corresponding reduction of pollutant emissions into atmosphere.

It is assumed in this work, that market price of CO2 is 10 USD/t under conditions of emission trade, and the result (Tab.2) shows that CO2 savings provided by CHP could be up to 7.3 MUSD per year.

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 (NOx, CO2 and SO2). The following values were used to express the possible impact of hazardous pollutants as externality in monetary terms [3]:

· CO2 – 1.7 USD/t;

· NOx – 100 USD/t;

· SO2  –  65 USD/t;

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 3.  Amounts of reduction of each pollutant were taken from Table 2.

Table 3. Amount of externalities avoided by the cogeneration systems relative to separate power and heat production, in USD per year


Natural gas
Coal

Avoided CO2 externality
1 243 309
97 834

Avoided NOx externality
195 500
14 200

Avoided SO2 externality
-
573

Results in Table 3 show that the total reduction of externalities created by environmental impact of main pollutants is nearly 1,6 MUSD. If market value of CO2 reduction is added to this amount, then figure of nearly 9 MUSD is achieved. If this economic benefit is allocated to the total amount of power produced by considered cogeneration systems, an almost 1,4 USD of bonus that could be allocated to each MWh of power produced is obtained. 

Conclusions

The maximum possible CHP potential shows that Latvia can reduce dependence of electricity import and increase share of heat from cogeneration plants. The promotion on cogeneration could minimize primary energy consumption as well as reduce emissions, in particular greenhouse gases. In addition, efficient use of energy by cogeneration can also contribute to the security of energy supply.

EU policy for CHP promotion foresees that each member state shall determine not only a potential of CHP in energy supply, but also to evaluate potential reduction of external costs [4]. External cost reduction is supplementary benefit which has to be taken into account when economic feasibility of CHP is estimated and development of promotion policies is performed. Results of this paper show that the amount of reduced “externalities” is a considerable factor and inclusion of it in estimates of economical justification of cogeneration could promote growth of share of CHP production in Latvian energy supply balance.
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Markova D., Bažbauers G., Kundziņa A. Koģenerācijas potenciālās nozīmes izvērtējums Latvijas ilgtspējīgas energoapgādes nodrošināšanā.

Darbā tiek izvērtēts iespējamais koģenerācijas potenciāls Latvijā, balstoties uz Latvijas pilsētu centralizētas siltumapgādes sistēmu siltuma slodzēm, kuras iespējams izmantot koģenerācijas vajadzībām. Salīdzināts kurināmā patēriņš koģenerācijas iekārtās un dalītas siltuma un elektrības ražošanas iekārtās, nosakot iespējamo  kurināmā ietaupījumu. Balstoties uz kurināmā ietaupījumu, tika iegūts iespējamais kaitīgo izmešu samazinājums, un tika novērtēts  šī samazinājuma ekonomiskais ieguvums..

Markova D., Bažbauer G., Kundziņa A. Estimation of CHP potential contribution to sustainable energy supply of Latvia.

Cogeneration potential in Latvia based on heat loads of district heating systems of Latvian towns suitable for cogeneration needs  is estimated in the 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. 

Маркова Д., Бажбауэр Г., Кундзиня А. Оценка когенерационного потенциала в обеспечении долговременного энергоснабжения Латвии.

В работе произведена оценка возможного когенерационного потенциала Латвии, основываясь на тепловых нагрузках центральных систем теплоснабжения городов Латвии, которые можно использовать для нужд когенерации. Произведено сравнение потребления топлива в когенерационных устройствах и при раздельном производстве тепла и электричества, определив возможную экономию топлива. Основываясь на экономии топлива, вычислено возможное уменьшение выбросов в атмосферу и оценена их экономическая прибыль.
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