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Introduction

Heating in Latvia is primarily produced on a
centralized basis. This means that consumers are
grouped and heating is distributed from a heat source
which is intended for the consumer group. The heat
source power, depending on the consumer group, is
from tens of kW to several hundred MW. The lower
range in power corresponds to groups of buildings,
individual houses or even apartment heating. Heating
of residential and individual homes belongs is
provided through decentralized heating. It should be
noted that the degree of centralization varies - from
the apartment or individual home to a municipal or
city heat supply. One of the benefits of district
heating is the centralization of the heat load, which
makes it possible to increase the heat source power
and to form basis for the development of
cogeneration power. In Latvia large heat consumers,
such as the heating systems in large cities like Riga,
cogeneration plants are installed and energy
development activities are carried out in CHP's TEC
1 and TEC 2. Left are customers who are not
connected to a district heating or switched off from it.
For the most part, district heating exists also
elsewhere in the country which indicates a possibility
for CHP development. This will be dispersed power
production. It is important to determine what capacity
equipment is needed and how high the total capacity
is, depending on the consumer's load. Data on the
source of heat loads can be obtained from different
databases, for example - Gaiss 2 and, for companies
using natural gas, - from the Latvijas Gaze database.

Data on the heat sources using gas is available in
more detail, which characterizes consumption by
decades, and thus makes it possible to trace the
dynamics of loads during the year and to construct
load duration curves. Gas customers form a large heat
source group, but gas can be used only where there
are gas pipes. Throughout the remainder of the
country’s territory, solid or liquid fuels are used.
Although these companies, using the appropriate
technological equipment, can develop CHP energy.
For its exploration is used Gaiss 2 database.

Selection methodology of cogeneration heat capacity

The aim of data analysis is to estimate the capacity of
those heat sources where cogeneration equipment is not
installed and to determine the potential for CHP based on
the capacity of the heat source. The paper deals only with
those companies that use natural gas.

As it is known, CHP plants cover only a part of the total
heat load. The rest of the load is covered by the peak load
boilers. This means that, based on the total heat capacity
of the source, the potential heat capacity of cogeneration
should be assessed quantitatively. The heat capacity of a
cogeneration plant has to be selected such that, upon
operating the equipment at the particular capacity
selected, heat production reaches its maximum [1].

The paper develops a heat load duration curve for the
selected capacity group and stemming from that -
evaluates the appropriate group heat source capacity for
potential cogeneration. The question is how justified is
such a generalized approach, because the equipment is
installed at each individual heat source. The conformity of
characteristics of the group's heat load duration curve to
the heat load duration curve of separate source timetable
is analyzed on the basis of operational results in 2007 of
the Lielvarde cogeneration station.
The heat capacity of the group is determined by inputting
the decade or annual gas consumption in the following
equation (1):

d
Nth — Bin 77 ,MVV, (1)
Tl
where
B; - decade or annual gas consumption, m’;
Qz - net calorific value, MWh/m’;
N=0,9 - efficiency ratio of the heat source;
T - decade or annual number of hours, h.

Using the equation (1), the average heat capacity over the
decade is calculated as (2):



N,y = 0,035.10°.B, MW, )
where
By - decade gas consumption, m’.

The annual average heat capacity is determined by
the equation (3):

Ny =0,972.10°.B, MWh, (3)
where

B, - year gas consumption, m”.

The average capacity changes in decades in 2007 for the
capacity group 0.05-0.5 MW of the heat sources are seen
in Figure 1.
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Fig. 1. Decades average power changes in year for 0,05-0,5 MW capacity group of heat sources

It appears that the heat capacity varies from 156 MW
in winter’s coldest decade up to 24 MW in summer.

Moreover, the heat capacity of the source will be
influenced by changing climatic conditions and
consequently the load duration curve will be
changed. In order to assign the load changes of the
source, the generalizing nature has to be recalculated
according to climatic factors determined by building
standard in Latvia LBN 003-01 "Buvklimatologija".
Recalculation is carried out by using the degree-day

values GDn and GDygy7, which shall be determined using
regulatory  conditions of building standard, and
metrological station measurement data from year 2007.
GDn/GDygy; ratio is 1.173. Climatic conditions do not
significantly affect the hot domestic water load therefore
the heating load part has to be recalculated. The corrected
heat load duration curve of the capacity group and its
approximation are shown in Figure 2.
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Fig. 2. Corrected load duration curve of the group



The picture shows the graph approximation curve
with its equation. Approximation curve and real-time
schedule have a very good correlation, R2=0,98.
Adjusted load has increased in the winter and the heat
capacity is 179 MW compared to 160 MW in the
uncorrected case load.

In order to generalize load duration curve and to
compare it to other capacity groups or individual

source load curve, the relative heat capacity changes are
made depending on the relative time. The relative capacity
is determined as the instantaneous capacity to the
maximum capacity of Ng/Ng™" and relative length of
load duration as the number of hours of time to the
number of hours per year 1/8760. The relative capacity as
well as the relative length of load time varies from 0 to 1.
Relative load duration curve is shown in Figure 3.
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Fig. 3. Relative corrected load duration curve of the group

Installed heat capacity of the cogeneration plant
should be chosen in the way that production of heat is
on maximum (optimum) for the equipment operated
with this capacity. The development of heat energy
by cogeneration is defined from the load duration
curve as (4).

th = Np.7. MWh, (4)

where
T - possible time of use of heat capacity, h.

The transition from a real-time to relative load
duration curve, indicator of optimization will no

longer be the energy production Qy, , but appropriate to it
index - which is determined as (5).

N T
ﬂ = Nntgx . 8760 = ]\ft’:[ 'z-rel . (5)
h
where
Ny -relative heat capacity;
Trel - relative time value.

It is important to know how long the CHP can be operated
in the optimum power mode providing that the maximum
heat is produced. Figure 4 shows the indicator changes
depending on the relative running time.
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Fig. 4. CHP heat production indicator changes depending on the relative load duration curve

It appears that the maximum indicator value for the
relative load duration curve is 0.46 and the
corresponding to it number of hours is about 4000 h.
This means that equipment with installed thermal
capacity of 85 MW can be operated on a full load
4000 hours per year, thus achieving an optimum heat
production, the maximum fuel savings and CO,
emission reductions [2].

The examined optimal size assessment is

conducted by the help of measure change schedule. If

obtained load duration curve approximation
equations, the evaluation can be carried out in
analytically estimate way.

Relative adjusted capacity group changes depending
on the relative time are given by the equation (6).
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According to relationship (5) and (6) the indicator is
calculated in terms (7).

BN (7,) 7, 0867, 0572, -LIRZ, +L Bz, (7)

The indicator value of the optimal rule is (8) [3].
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Differentiating expression (7) yields the equation for
optimal indicator for the relative time calculation (9).

b =3344.0) —1,671.7.,-2,3162+1,03=0 (9)

Tl

By inserting calculated 71, value in equation (6) is
determining that relative installed

capacity of CHP in which the equipment will develop the
maximum of heat energy in cogeneration mode.
Calculations show that T, value is 0.43 and the
corresponding relative capacity Ny is 0.49 or t=3770 h
and Ny=88 MW. Analyses show that analytically
calculated values from the load duration curve value are
well-correlated. The value difference is 5.7% for time
estimation and 3.5% for capacity.

In order to define a cogeneration potential it is necessary
to evaluate the source average heat capacity correlation in
a year with the optimal installed heat capacity of CHP. In
the database Gaiss 2 there are available data about the
total fuel consumption of the sources, which makes
possible to determine the average capacity. The annual
average relative capacity is determined by integrating
expression (6) in the relative timing of the range from 0
till T, (10).

j (0,836.2), ~0,557.22, ~L158.7+1,03)d7,, =

(10)
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By inserting the integration limit values 0 and 1 we
obtain that the relative capacity of average in year is
0.47, or 84 MW. The annual average and the
calculated optimal CHP capacity ratio is 0.95. This
means that heat capacity of potential CHP in the
examined capacity group of sources can be valued at
the average capacity group of sources multiplied by
0.95. It should be noted that other capacity group
analysis shows that relationship value can vary from
0.80 to 0.95.

Lielvarde cogeneration plant data analysis
Lielvarde cogeneration station belongs to 0.05-0.5

MW capacity group. CHP average heat capacity is
0.49 MW and the development of cogeneration

energy is used 0.265 MW. The remaining part of the load
is covered by the peak load boilers.

The aim of using Lielvarde cogeneration plant operating
data from 2007 is to assess the data compliance with the
source of the group analysis, obtained in relative values,
thus justifying the use of source group analysis accuracy.
Lielvardes heat source decades and the annual gas
consumption data are used in the analysis. Designated
thermal power is converted into the normative climatic
conditions.

It is created a load duration curve based on a decade heat
capacity changes during the year Relative duration curve
makes it possible to compare the source and the sources
group heat load changes.
Relative changes in load, depending on the relative time
are shown in Figure 5.
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Fig. 5. Relative load duration curve of heat source in Lielvarde

Loads graphic approximation curve and its equation
are also seen in the Figure 5. This is the polynomial
of the 5™ degree expression, which describes 99% of
the load data changes. The determination coefficient
is 0.989. Equation high degree is explained by the
strong imbalance in relative power changes.

Result analyses

Lielvarde plant heat setting indicator changes depending
on the relative load are shown in Figure 6.
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Fig. 6. Liclvarde plant heat setting indicator changes depending on the relative load

It appears that the optimal criteria value corresponds
to the relative power value 0.45. This means that the
majority of heat production in cogeneration mode
Lielvarde heat source could provide if there would be
installed cogeneration plant with a thermal capacity
of 0.45 from the maximum or 0.45 MW. According
to the heat load curve this kind of power plant could
work around 4000 hrs a year. With the current

installed capacity of cogeneration equipment, according to
the heat load duration curve, unit on a full load can work
around 5700 hrs a year. In case of optimal thermal power,
cogeneration plant could develop additional 290 MWh of
heat and according to it 180 MWh of electricity.
Cogeneration heat development indicator comparison
between Lielvarde heat source and the group of sources is
shown in Figure 7.
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Fig. 7. Lielvarde and source group of sources indicator change comparison

According to Figure 7 there can be observed slightly
different values in group and source indicators. In
cases of small and large relative time Lielvarde heat
source indicator values are higher compared to the
capacity group indicator values. The optimal value of
the indicator is higher for the capacity group. It is
essential that the optimal indicator values are

observed almost at the same time and the optimal
indicator value margin is small.
In order to assess quantitatively differences between
Lielvarde and group of sources indicators, changes are
compared to relative and absolute values.

Parameter values and the comparison are shown in the
Table 1 below.



Table 1.

Comparison between Lielvarde and capacity group of sources indicators

Parameter Lielvarde Capacity group | Difference,%
Optimum relative time 0,45 0,46 2,2
Operating time with the optimal capacity, h 3940 4030 -2,3
Optimum relative power 0,45 0,47 4,4
The optimal thermal power, MW 0,45 85
The annual average heat capacity, MW 0,490 87
Optimum heat capacity correlation to annual 0,92 0,98 -6,5
average heat capacity

Parameter difference in percentage is determined as 2.2007. 25 -31.

Lielvarde and group size

difference referenced to Lielvarde parameters. It
appears that the difference is small and does not
exceed 6.5%. This shows that the potential for
cogeneration heat capacity can be reasonably
evaluated by using the capacity group summary load
duration curve.

Conclusions

Offered heat source cogeneration potential
assessment method is based on the heat sources
group gathered heat load duration curve analysis and
optimization of installed thermal power of
cogeneration unit. Heat loads of sources group are
converted into the normative climatic conditions.
Lielvarde heat source operating data from year 2007
are used for the method verification. The results show
that quantitative indicator value differences are small
and methods of use are correct. There is investigated
cogeneration optimal heat capacity correlation with
the source of the average heat capacity, which
significantly facilitates the assessment of the
potential of CHP in case if there are available only
one year fuel consumptions.

Lielvarde heat source cogeneration thermal capacity
optimization is performed in evaluation process of
present methods and it is found that the installed
capacity is less than optimal. There are observed
possible amounts for heat and power generation in
optimal capacity case.
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Edgars Vigants, Ivars Veidenbergs, Dagnija Blumberga,
Francesco Romagnoli, Siltuma avotu grupas potencialas
kogeneracijas siltuma jaudas izvéle

Darba piedavata siltuma avotu kogenerdcijas potenciala
novértéejuma metode, kas balstita uz siltuma avotu grupas
apkopoto  siltuma  slodzes ilguma grafika analizi  un
kogeneracijas stacija uzstadito siltuma jaudu optimizaciju.
Avotu grupas siltuma slodzes ir parrékindatas uz normativiem
klimatologiskiem apstakliem. Metodes parbaudei izmantoti
Lielvardes siltuma avota 2007.gada darbinasanas dati.
Rezultati liecina, ka. metodé izmantojamo kvantitativo raditaju
vertibu atskiribas ir nelielas un metodes lietojums ir korekts.



Izpétita kogenerdcijas optimalas siltuma jaudas koreldcija
ar avota gada vidéjo siltuma jaudu, kas biitiski atvieglo
kogeneracijas potenciala novértéjumu taja gadijumad, ja ir
pieejami tikai gada kurinama patérini. Metodes parbaudes
gaita veikta Lielvardes siltuma avota kogenerdcijas
siltuma jaudas optimizacija un noskaidrots, ka uzstadita
Jauda ir mazaka par optimalo. Aplitkoti iespéjamie siltuma
un elektroenergijas izstrades apjomi optimalas jaudas
gadijuma.

Edgars Vigants, Ivars Veidenbergs, Dagnija
Blumberga, Francesco Romagnoli, The potential
cogeneration thermal capacity choice for heat source
group

The proposed in the paper heat source cogeneration
potential assessment method, is based on the heat sources
group gathered heat load duration curve analysis and
optimization of installed thermal power of cogeneration
unit. Heat loads of sources group are converted into the
normative climatic conditions. For the method verification
are used Lielvarde heat source operating data in year
2007. The results show that quantitative indicator value
differences are small and methods of use are correct.
There is investigated cogeneration optimal heat capacity
correlation with the source of the average heat capacity,
which significantly facilitates the assessment of the
potential of CHP in the event if there are available only
year fuel consumptions.

During the methods inspection process is performed
Lielvarde heat source cogeneration thermal capacity
optimization and found that the installed capacity is less
than optimal. There are observed possible amounts for
heat and power generation in optimal capacity case.

Oarapc Buranre, HBapc Boiigendepre, Jlaruus
Baymoepra, IMoao6op TenJa0Boi MOIIIHOCTH
MOTEHINAJIBHON KOTeHepaAluH I IPyNbl TEMJI0BOr0
HCTOYHHKA

B pabome mnpeocmasnen memoo oyenxu nomenyuana
Kocenepayuu UCMOYHUKOB menia, KOmMOopblil
OCHOosbisaemcsi Ha  0000WEHHOM  aHanuze 2epaguxa
APOOOINCUMETLHOCIY — MENI060U  HASPY3KU  2PYRNbl
MENNOBbIX UCHOYHUKOG U ONMUMUZAYUU YCTNAHOBIEHHOU
MENI0BOL  MOWHOCMU — KO2EHEPAYUOHHOU — CIAHYUL.
Tennogvie Hazpysku epynnvl UCMOYHUKOS NEPECUUMAHDbI
HA HOpMAMuUGHble Kiumamonocuyeckue yciogus. s
nposepKu  memooa Ucnoabzoéanvl dannvie 2007 200a
ucmounuka menna 6 Jluensapoe. Pesynomamoi
NOKA3bIBAIOM, YMO PA3IUYUS 3HAYEHUTI KBAHMUMAMUBHBIX
nokazamenel UCNONIb306AHHBIX 8 Memoode He bonvuiue u
npumeHnenue memooa Koppekmuo. H3zyuena roaepayus
ONMUMANLHOU  MENI06ON MOWHOCMU KO2EHEPaAYUuu Co
cpedHell 20006801 MENJIOBOL HAZPY3KOU UCMOYHUKA, YMO
CyuecmeeHHo ynpowaem OYEHKY nomenyuana
Ko2enepayuu 6 Mom cayude, eciu OOCMYNHbl MOAbKO
danHble 200068020 pacxoda monausa. B npoyecce
nPOBEPKU Memodd NPOU36eOeHa ONMUMU3AYUSL MENTI0BOT
MOWHOCIYU — KO2EeHepayuu  Menjiogoco  UCHOYHUKA
Jluensapoe u vIsICHEHO, YMO YCMAHOBNEHHAST MOUWHOCTb
Menbule onmumanvHol. Paccmompenvi  603modicHble
00béMbL  BbIPAOOMKU  Menaa U 9AeKMpodIHepeuu  npu
ONMUMANLHOU MOUHOCTHU.



