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Introduction

The issue of power deficit is becoming ever more topical in Latvia. State power supply depends on power stations in neighbouring countries,
which operate in basic mode. In order to minimise the gap between power production and power consumption, Latvia has to recruit the state’s
internal capabilities.

One opportunity is using of cogeneration technology as energy sources, which may be considered most appropriate to Latvia’s situation, as
indicated by a number of factors. First of all, Latvia has a basic capacity deficit and the deficit may only be negated by predictable power
sources; the only type of dispersed power source which may be considered predictable is a cogeneration plant. Secondly, Latvia has a
characteristic centralised power supply system, which means inhabited areas have sufficiently high heat loads to accommodate installation an
efficient cogeneration facility. Thirdly, the power efficiency of cogeneration is highest compared to separate power and heat production.
Fourthly, a cogeneration source is close to the heat load, i.e. the energy consumer, who is consuming power at the same time. This means that
cogeneration technology has all the advantages of placing an energy source next to the consumer, such as reduced power management and
distribution leakage, and increased power supply stability.

During assembly of a new cogeneration plant, an energy producer faces the basic question of how high a station’s installed capacity should be.
Due to the fact that cogeneration envisages simultaneous production of heat and power, it becomes crucial for both types of energy to be used
appropriately. As concerns power, it may both be used on the spot and transported across great distances; heat, however, may only be used in the
vicinity. Thus, the heat energy consumer is considered the determining factor in selecting cogeneration plant capacity. The risks of installed
cogeneration capacity are related to two scenarios: if a load is used that exceeds the optimum setting, the station will not be able to operate year-
round due to insufficient heat load, while, should the load be installed below optimum, the potential of utilising heat capacity will not be applied
to its fullest.

The basis of cogeneration plant operation is a physical process, although process implementation at actual facilities is not free: it is restricted by
technical, economic, environmental and legal provisions. In order to achieve widespread adoption of cogeneration in Latvia, research into a new
methodology is needed so as to determine preferred cogeneration plant capacity by considering physical processes along with all sorts of
restrictions. Heat load parameters should be at the core of such a methodology, which would ensure that selection of optimum capacity considers
the most important factor which determines successful operation of a cogeneration plant.

Methodology

The installation of any new cogeneration plant starts with assessment of consumer heat load. The optimal technology and facility capacity for
cogeneration are selected based on the amount of heat demanded by consumers.

Heat load values for residential buildings and load prevalence during the year are visualised with a heat duration curve. The optimal cogeneration
facility is one that, based on the heat duration curve, will produce the maximum amount of heat year-round while working at full installed
capacity. This means that the facility’s capacity will be determined by the highest-area rectangle (maximum rectangle) inscribed in the heat
duration curve. Division of each hour’s load values by the maximum load value yields a normalised, or relative load curve. The relative load
duration curve is shown in Figure 1. The Figure also includes the approximation curve for the curve.
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Figure 1. Relative heat duration curve and approximation

Curve approximation is done in order to produce an equation that describes it as a continuous function, which can be used for calculations. The
equation for this is specified in the Fig.1. Point “z” seen on the curve denotes facility selection where facility capacity is y, and duration of work
X, hours per year. The facility will produce y,. X, heat energy. This means that the optimisation assignment »: “*: 2 M2 (maximal solution) must
be resolved, where “z” coordinates are linked by the equation

3.=-10"%.+3-10" x.7-0,0003 x.+1,03 (1)

The y,. X, values calculated depending on relative load for the real and the approximated load curve, are given in Figure 2. The parameter in the
graph denotes the aforementioned y,. X, product, which describes the amount of heat produced.

The Fig. 2. shows that both the real and the approximated load duration curves have maximum energy production when relative load equals 0,3.
This means that selection of cogeneration facility heat load at 0,3 of maximum consumer demand allows full-capacity operation for about 5000 h
in a year. Selection of a lower-capacity solution raises the number of hours in operation but lowers energy production. Increase of installed
capacity above optimum reduces potential operation time and, despite increased capacity, lowers energy output as well.

1400

<

I

1200

(=3
(=3
(=}

AN

(=N
(=3
(=}

Parameter
& ES
/'
J

o
(=3
(=}

(=}

0 0,2 04 0,6 0,8 1
Relative heat load
‘ © actual load m Approximated load ‘

Figure 2. Heat production depending on relative facility load

Methodology approbation algorythm

No technological solution stands on its own. Selection of a certain engineering/technical alternative is only possible once its economic and
ecological parameters are assessed and optimisation is sought.

The carbon strategy model consists of four modules:

Raw data module, which includes an analysis of the state of affairs at the energy source (emissions trade participant);

Engineering/technical solutions module, which includes a description and analysis of at least three alternative technological measures;
Climate module, which assesses the CO, emissions of each alternative;

Economic foundation module, which includes an assessment of the capital investment, calculation of income from savings and emissions
trade, profit and optimisation of each alternative.

Algorithm is shown in Fig. 3. The coal strategy model consists of four modules:

Raw data module, which includes an analysis of the state of affairs at the energy source (emissions trade participant);

Engineering/technical solutions module, which includes a description and analysis of at least three alternative technological measures;
Climate module, which assesses the CO, emissions of each alternative;

Economical foundation module, which includes an assessment of the capital investment, calculation of income from savings and emissions
trade, profit and optimisation of each alternative.

The raw data module utilises survey, statistical data collection and processing, as well as creation of a measurement scheme, data processing and
uncertainty assessment.

The engineering/technical module utilises technical parameters determined during the empirical research.

The climate module calculates SEG emissions increase due to assembly of new cogeneration facilities.
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Figure 3. Carbon strategy algorithm

The necessary emissions quota during installation of new cogeneration plants are calculated using the following equation:

. -100
[[ Qs ]+E}-R-O~0,0036-100

[Laoo-q,)

- ok ,tCO,/year (2)
where
Okog - heat consumption forecast, MWh/year;
qs: - heat loss in the heating networks (given no data, assumed no more than 10%;
E - amt of power produced, MWh/year;

nkog - cogeneration plant efficiency, % (given no data, assumed at 80% for coal or peat, 85% for natural gas or diesel).

Validation of the Methodology

In order to illustrate the application of the methodology provided and not only test it, but also establish the range of its application, an actual
situation is analysed where a boiler house is connected to a new heat consumer and heat load is increased. The owner of the boiler house has to
decide on subsequent measures, i.e. whether to assemble a new boiler or a cogeneration installation. If the owner decides in favour of a
cogeneration plant on location at the current boiler house, an important consideration is capacity of the cogeneration facility: avoidance of
pointless spending of funds on purchase and operation of the equipment.
3 various alternatives are provided and described; they differ in installed capacity and nominal operation time, as well as other technical
parameters. All the parameters relate to technologies used on the market. The technical parameters of each alternative are summarised in Table 1.
Table 1.
Technical Parameters of Alternative Facilities

Parameter Alternative A | Alternative B Alternative C
Nominal operation time , h 4300 3400 2600
Power capacity, kW 514 835 1050
Heat capacity, kW 645 997 1387
o ratio, KW/kW 0,8 0,84 0,76
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Fuel supply, kW 1354 2090 2757
Power production efficiency, % 38,0 39.9 38,1
Heat production efficiency, % 47,6 47,7 50,3
Total efficiency, % 85,6 87,6 88,4

The object’s heat duration curve for the centralised heat supply system was created according to the methodology for optimising
cogeneration heat load. Heat production has been calculated for several heat load selections. The changes in heat produced depending on
cogeneration heat capacity are provided in Fig. 4.
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Figure 4. Cogeneration heat production depending on installed heat capacity

The optimal heat capacity for the object’s heat load scenario is observed at around 1 MWy,. If an internal combustion engine facility is used, the

corresponding power capacity would be around 0,8 MW..
Verification of results is performed using profitability analysis, which is based on raw data obtained from equipment manufacturers and

processed in accordance with the applicable state legislation and methodological requirements.

The alternative funding plans and profitability parameters are reflected in Table 2.

Table 2.
Alternative funding plan and profitability parameters
Alternative Alternative A | Alternative B Alternative C
Simple payout time 7 years 6,1 years 6,9 years
Net present  value 131961 Ls 316 924 Ls 253 442 Ls
(NPV)
Internal revenue rate o o o
(IRR) 11,0 % 14,5 % 12,2 %

Economic optimisation is performed by seeking extremes for the value which best describes economic profitability.

In this case, it is related to determining maximum internal revenue depending on installed power capacity.

The internal revenue change depending on power capacity is shown in Figure 5.

As seen in the results graph, the IRR optimum is observed at a power capacity of 0,83 MW,, which corresponds to the cogeneration facility’s
heat capacity at 1000 MWy,
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Figure 5. Internal revenue change depending on power capacity
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The engineering/technical optimisation has established that the methodology optimum coincides with the optimum obtained through economic
testing of the results. This confirms that the cogeneration load optimisation methodology described above is applicable for future projects and
development of state-level energy strategies.

Conclusions

A Methodology for determining optimal cogeneration plant capacity, which uses annual heat production at full capacity as the optimality factor
was provided. Selection of the optimality factor is based on the heat consumer’s load duration curve. Validation of the methodology based on an
actual heat load curve and its approximation has indicated that the optimality factor reaches its peak at 0,3 relative load and annual operation time
of around 5000 h.

Based on the engineering/technical, economic and environmental modules, a validation algorithm has been developed for testing the optimal load
selection methodology, which is used to test the methodology in a real environment. The methodology helps assess an actual situation when a
new heat consumer is connected to a boiler house, increasing the heat load. Based on outside air temperatures and the current heat consumption
by heat consumers connected to the boiler house as of 2006, a heat duration curve was plotted. Considering that the centralised heating network
at the analysed object is to be connected to a new office centre, a heat duration curve forecast was also plotted. The methodology is applied in
order to compare three alternative cogeneration plants (with respective installed heat capacities of 780/1000/1230 kWy,), establishing that the
optimal heat capacity for the cogeneration facility is 1000 kWy, and the corresponding power capacity given an internal-combustion installation
is 830 kW.. Testing of the results was performed using profitability analysis based on raw data obtained from equipment manufacturers,
processed in accordance with the applicable state legislation and methodological requirements. The highest internal revenue rate (14,5%) is seen
in the project with 1000 kWy, and 830 kW, installed heat and power capacities, respectively. This means that the methodology optimum
coincides with the optimum obtained through economic testing of the results, confirming that the methodology described above is applicable for
future projects and development of state-level energy strategies.

Acknowledgement

This work has been partly supported by the European Social Fund within the National Programme ,,Support for the carrying out doctoral study
programm’s and post-doctoral researches” project ,,Support for the development of doctoral studies at Riga Technical University”.

References

1.  A.Volos¢uka Mazu kogeneracijas staciju darbibas analize. Jaudas izvéles optimizacija. /promocijas darbs, RTU, Riga 2008.

Volos¢uka A., Blumberga D., Veidenbergs. I. Mazas kogenerdacijas stacijas ekonomiska un ekologiska analize

Raksta ir piedavata un praktiski aprobeta kogeneracijas stacijas optimalas jaudas noteiksanas metodika, kur par optimalitates kritériju ir izvélets siltuma daudzums, kas
sarazots kogenerdcijas stacija gada laikd, ja stacija strada ar pilnu slodzi. Optimalitates kritérija noteikSanas pamata ir siltuma patérétaja slodzes ilguma grafiks. Balstoties
uz inzeniertehnisko, ekonomisko un vides moduli, ir izstradats optimalas jaudas noteikSanas metodikas rezultatu aprobdcijas algoritms, kas izmantots, parbaudot metodiku
redalajos apstakjos. Ar metodikas palidzibu tiek novérteta redala situdcija, kad katlu majai pieslédzas jauns siltumenergijas patérétdjs un pieaug siltuma slodze. Metodika tiek
piemérota, lai salidzinatu tris alternativas kogenerdcijas stacijas (ar uzstadito siltuma jaudu 780/1000/1230 kW,,). Rezultati tiek parbauditi ar ienesiguma analizi, balstoties
uz izejas datiem, kas iegiiti no iekartu razotajiem un aprékinati saskana ar valsti spéka esoso normativo tiesibu aktu un metodiku nosacijumiem. Izstradata metodika ir
izmantojama nakotnes energoprojektos.

Volo§¢uka A., Blumberga D., Veidenbergs 1. Economic and Ecological Analysis of a Low-Capacity Cogeneration plant

The paper provides and empirically validates a methodology for determining optimal cogeneration plant capacity, which uses annual heat production at full capacity as the
optimality factor. The selection of the optimality factor is based on the heat consumer’s load duration curve. Validation of the methodology based on an actual heat load.
Based on the engineering/technical, economic and environmental modules, a validation algorithm is developed for testing the optimal load selection methodology, which is
used to test the methodology in a real environment. The methodology is applied in order to compare three alternative cogeneration plants (with respective installed heat
capacities of 780/1000/1230 kW,,). The results were tested using profitability analysis based on raw data obtained from equipment manufacturers, processed in accordance
with the applicable national legislation and methodological requirements. The methodology developed in the paper is applicable for the development of future energy
projects.

Bonowyx A., baymobepza /., Beiioenoepec H. Ixonomuueckuil u IKoN02u4eCKuil AHAIU3 MATILIX KOZEHEPAUUOHHBIX CHIAHUUIL

B cmamve npednoswcena u npakmuuecku anpoouposana mMemoouka onpeoeieHus ONMUMAIbHOU MOWHOCIU KO2EHEPAYUOHHOU CIMAHYyUl, 20e Kpumepuem OnmumaibHOCmu
8bIOPAHO 0OBLEM MENTOB0T IHEPSUU, NPOU3BEOCHHOU HA KO2EHEPAYUOHHOU CIMAHYUY 8 MeYeHUul 200a, NPUHUMASL, YMO CIMAHYUst ROCMOSIHHO pabomaem ¢ NoaHoU Hazpy3Kol. B
OCHOBe onpeodenenuss Kpumepusi ONMUMATbHOCIU 2PAPUK OTUMETbHOCIU Mena080ll Hazpy3ku nompeoumens. OCHOBbIBAACH HA UHICEHEPHO-MEXHUYECKU, IKOHOMUYECKUL U
9KOIOSUYECKULL MOOYIIb Pa3paboman aizopumm anpooayuu pe3yibmamos NPUMeHeHUs MemoOuKy onpeodeneHus ONMUMAaiIbHOl MOWHOCMU. AN2OpUMM NPUMEHEH @ PealbHbIX
obcmosmenvcmaax. C nOMOwbI0 MEMOOUKY OYeHeHA PeanbHas cumyayus, Ko20d K KOMeAbHOU NPUCOEOUHSIeMcs: HOBbII nompeoumenb Meniogou sHepeuu U 603pacmaem
mennosas Hazpyska. Memoouxka npumensemcs, 4moObl CpAGHUMb MPU ANbMEPHAMUBHBIX KO2EHEPAYUOHHLIX cmanyuy ( ¢ YCMAHOBIEHHOU MENI080U MOUWHOCHbIO
780/1000/1230 kBmy,). Pesynbmamul 6vliu npogepenvt ¢ HOMOWDBIO AHAAU3A OOXOOHOCMU, OCHOBbIBASCH HA UCXOOHLIE OaHHble, KOMOpbvle ObLIU NOLYYEHbL OM
npoussooumeineli 000pYOOBaAHUA U PACCHUMAHBL, CO2NACHO YCI08UAM UMelouje20 CULy 3aKOHOOamenrbcmea U Memooux. Paspabomannas memoouxa modcem 6bimo
UCNOIb308AHA 8 DYOYUUX IHEP2ONPOEKINAX.

144



