ENERGETIKA. 2014. T. 60. Nr.2. P. 136-148
© Lietuvos moksly akademija, 2014

Industrial CHP excess heat efficient usage for

cooling
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This study investigates the possibilities how to utilize the combined

heat and power plant (CHP) excess heat in the industry during the
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hot periods of time when the heat demand is limited. In order to

maximize the CHP electricity production the efficient heat load has
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to be increased. The goal of this article is to present the solution

for the industrial CHP excess heat utilization for the local cooling.
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The study introduces the method and model of how to evaluate the

industrial CHP plant potential and economical benefit for the pro-
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INTRODUCTION

CHP plants are widely used in the areas where
there is a heat demand. They can be categorized
into two categories depending on the nature of
the heat consumer. Firstly, the district heating
(DH) CHP plants which use the DH network to

transfer the heat to the residential area which is
either a city or a local settlement. Secondly, the
industrial CHP, which produces the heat to the
on-site industry or for the group of industries
nearby. Depending on the industry production
profile, the heat consumption is usually lower in
the summertime whereas the cooling demand is
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the biggest. Therefore this makes the production
of local cooling from the excess heat an efficient
solution to improve the economical performance
of the entire facility.

The maximum heat production is limited in
the summertime due to the decreased heat de-
mand. Since the industrial CHP plants are mainly
working with back pressure turbines, in order to
maximize the thermodynamical efficiency, the
electricity production will decrease accordingly
during the periods of lower heat demand. There-
fore, finding solutions to increase the heat load is
a key factor for maximizing the CHP electricity
production and hence the economical perfor-
mance of the plant.

Technically a CHP plant can also operate in
condensing mode during the summer period if
the plant has sufficient auxiliary cooling devices.
However, the relatively low electrical efliciency
and low electricity market price do not cover the
variable cost of the fuel. Utilizing the excess heat
for producing local cooling enables the CHP to
increase its electrical output. In an ideal case it
could run as a base load plant which produces
electricity on full load all year round maximizing
the operational profit. Primarily, the additional
income comes from increased electricity produc-
tion. Some income would also come from savings
on cooling costs that otherwise would be done
with solely electricity driven chillers.

Contribution of this study is to investigate
the local absorption chiller profitability in wood
industry under open electricity market condi-
tions. In the 2nd section the previous research is
introduced, in the 3rd section the CCHP opera-
tion in the open electricity market conditions is
introduced, 4th section outlines the possibilities
in the wood industry and a specific example case
study is performed. In the 5th section the study is
concluded.

PREVIOUS RESEARCH ON HEAT BASED
COOLING

Industrial three generation means production
of electricity, heat and cooling in a combined
cooling, heating and power (CCHP) plant. The
authors of [1-3] have optimized the CCHP ope-
ration in order to minimize the operational cost
and have concluded that the optimized CCHP

operation has better economical results than the
non-optimized system. They have simulated a
consumer with the cooling demand and shown
that the cooling system which is driven by the re-
covered heat has operational savings and allows
the CHP to increase its electrical output.

Heat based cooling is often not used due to the
insufficient knowledge about its possibilities and
also the high investment cost of the technology.
Normally the industrial cooling demand is cov-
ered with electricity driven chillers [4]. Authors
of [5] have studied the adsorption systems in dif-
ferent applications. They have introduced the de-
velopment of relevant materials, technologies and
projects. As they have concluded, the adsorption
chiller technology has a great potential for con-
verting the waste heat to the useful cooling. How-
ever, the most commonly available technology
for the heat driven cooling is an absorption chil-
ler [5]. The absorption chiller enables to recover
the heat and produce cold water. Authors of [7]
propose to use the absorption cooling in the sum-
mertime from waste heat in order to save costs.
Authors of [8] have developed a new optimiza-
tion method which optimizes the cost, emissions
and social impact through using the absorption
systems.

Cooling possibilities in the industry by using
locally produced heat have been investigated
intensively by authors of [9-11]. They all line out
that the industrial absorption chiller has to be
studied case by case, because it does not neces-
sarily mean lower overall cost compared to the
stand-alone cold water production. They have
shown it is worth to exploit the saving oppor-
tunities through heat based cooling. However,
their studies are mainly focused on lowering the
cost and primary energy consumption rather
than maximizing the profit. Authors of [12-14]
have illustrated that it is profitable in commercial
buildings large enough to use a heat based central
cooling unit. They prove that the waste heat based
cooling is allowing the system to be operating in a
more profitable manner than the system with the
electricity based cooling. They also point out the
importance of the size effect of the cooling sys-
tem. This means that there has to be a minimum
critical cooling load which makes it worth to use
the central cooling rather than local chillers. In
another studies, the authors of [15-17] have in-
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troduced different optimization strategies based
on the load distribution between heat and cooling
energy production. The main idea of the authors
[18-19] has been to investigate the environmental
impacts and cost effectiveness of CCHP systems.

The previous research, as described above, has
introduced different cooling technologies and
proves that the absorption based cooling is the
most suitable waste heat based cooling technolo-
gy. Therefore the absorption chiller is chosen for
the production of industrial cooling in this study.
The previous research has also shown the positive
effect on the cost, emissions and fuel savings of
the excess heat utilization in the CCHP systems.
The focus of this study is to exploit even further
and maximize the electricity production by con-
verting the existing CHP into the CCHP plant.
This conversion helps to improve the economical
performance of the entire industrial facility and
hence maximize the profit.

CCHP OPERATION IN THE OPEN
ELECTRICITY MARKET CONDITIONS

Majority of the CHP variable cost is usually the
fuel cost. Therefore the CHP is operated based on
the cost of the fuel. In normal operation the power
plant is expected to run even in a condensation
mode if the electricity production income covers
the variable cost of the plant [20]. Otherwise it is
more profitable not to run the plant.

The marginal cost of the CHP is the cost to
produce one extra MWh of electricity. In this stu-
dy the marginal cost definition is rather equal to
the short-term marginal cost. When changing the
power plant load from the partial load to the full
load, then there is no other significant marginal
cost than the fuel cost. The CHP is expected to
increase the electrical output as long as the plant
marginal cost is covered. Therefore traditionally
the criterion for operating the power plant is writ-
ten in Equation 1:

WP >W,.P, (1)

where W is the production of electricity in MWh,
P is the electricity spot market hourly price in €/
MWh, W is the consumption of fuel in MWh and
P is the price of the fuel in € MWh. Therefore in
any case where income exceeds the variable cost

of the production, the plant is expected to pro-
duce electricity.

CHP produces two forms of commercially
usable energy - electricity and heat. In this stu-
dy the third sales article is also introduced - cold
production. Usually the traditional biomass fired
power plants have quite low electricity share in
the total produced energy [21]. This, however, is
compensated with the significantly high total effi-
ciency on conversion of the primary fuels to the
useful energy [22]. Therefore utilizing the heat
in a commercially rational way distinguishes the
CHP from a conventional heat condensing power
plant. It allows the producer to be more compe-
titive on the electricity market as well as save the
primary fuels in the energy sector. In this aspect
the existence of the heat load has the critical influ-
ence on the CHP operation. Introducing the cold
production enables the CHP to increase the heat
production and therefore also produce additio-
nal electricity to the market. The CHP technical
thermodynamical efficiency can be described as
follows in Equation 2:

_W.+W,
n W,

n =N+, (2)
where W is the production of electricity in MWh,
W, is the production of heat in MWh, n is the
nominal total efficiency of the plant, n_ is the elec-
trical efficiency of the plant and n, is the heat effi-
ciency of the plant. Usually the biomass CHP-s
total efficiency is in the range of 0.85-0.9.

The heat production W, can be divided be-
tween the heat consumer and the cooling consu-
mer as follows in Equation 3:

WH = Wi + WE, (3)

where W/ is the heat that is used for heating and
W is the heat that is used for cooling. Cooling
heat is the sum of different types of cooling appli-
cations, in this study it is air conditioners and
process cooling as shown in Equation 4:
Wt W)

W, (4)

Nuss
where W, is the cooling load of air conditioners
in MWh, W, _is the cooling load of process cool-
ing in MWh and n, . is the efficiency of the ab-
sorption chiller.
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The main principal of the CHP plant is that
usually it runs according to the heat load due to
the reason that in the condensation mode it is
not competitive enough on the electricity market.
The ability to sell the produced heat to the DH
network or to the industrial customer makes the
CHP plant electricity price much more competi-
tive. When the CHP plant can sell the produced
heat, then this income will be added on top of the
electricity income. This in return allows the CHP
plant electricity price to be lower than the average
market price.

Heat market enables the CHP plant to exploit
the total efficiency for its benefit. However, maxi-
mizing the total efficiency decreases the electricity
share in the total energy production mix and this
share is lower than in conventional condensing
power plants. Therefore, with the same primary
fuel the condensing power plant electricity price
is lower and it can sell its electricity on the spot
market whereas the CHP electricity offer is not
accepted due to too high price. The price forma-
tion in the electricity spot market depends on
numerous aspects, but, as explained above, the
average electricity spot price level is too low for
the biomass CHP. In the traditional condensing
power plant the electricity output is maximized
sacrificing the efficiency of total primary energy
usage. In order to run the CHP plant electrical
output even more than the available heat load
would allow then criterion 5 below, which is in
accordance with Equation 1, has to be fulfilled:

Vveextm . Pe + ‘/‘/eextm . Ph > ‘/\/eextm . Pf’ ( 5)

where W is the additional electricity produced
due to the increased heat load in MWh , W is
the additional artificial heat load in MWh,, P, is
the price of the heat in €/ MWh, Wi is the re-
quired additional fuel for the bigger load point
in MWh. The price of the additionally produced
heat can be either negative or positive depend-
ing if the additional heat is commercially need-
ed or it is just cooled down. If it is cooled down
(condensed), then there is a negative cost for the
condensing operation itself, i. e. electricity cost
of the fans, operational condensing costs. If it is
commercially needed for the cooling then there
is a positive price for that additional heat. In this
study the available cooling demand is covered by

the additional heat which is produced in the CHP.
When converting some of the CHP heat produc-
tion to commercially needed cold water, the plant
becomes a CCHP.

The price of heat, which is consumed for
commercially needed cooling, can only be deter-
mined by the alternative cost compared to costs
occurring with traditional chillers or air conditio-
ners (ACs). Usually there is no market for cooling
and hence no market price for cooling because
there is no district cooling networks. The cooling
energy price can only be calculated by the savings
it gives to the facility when it switches over from
the electricity driven local cooling to the central
excess heat based cooling. Therefore the excess
heat income can be written in Equation 6 as fol-
lows:

We-Pe=S, +S,, (6)

where Pf is the price of the heat which is used
for the absorption chiller in € MWh, § o 18 the
operational cost savings with the absorption chil-
ler compared to reference case electricity based
air conditioning in €, Sy 18 the operational cost
savings with the absorption chiller compared to
reference case electricity based process cooling
(PC) in €.

In order to define the savings, then two differ-
ent scenarios have to be compared. What is the
operational cost of the reference case AC and PC
when this cooling is produced separately by the
electricity driven applications and what is the
operational cost of the absorption chiller based
cooling? The savings can be calculated according
to Equations 7 and 8:

S,.= (CA— C*5) . (P + P), 7)
S, = (CP = C'%) . (P + P,), (8)

where C!¢ is the reference case AC’s electrici-
ty consumption in MWh, C** is the absorption
chiller based system electricity consumption in
MWh, Cf “is the reference case PC electricity con-
sumption in MWh, P_is the remaining marginal
electricity consumption cost in €/ MWh.

Since the consumer has various price com-
ponents on the purchased electricity, then these
components have to be taken into account. They
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are separated from the electricity spot price due
to the reason that the spot price is given for each
hour separately throughout the year, but the re-
maining components are most likely fixed by
the regulation. However, these components vary
significantly through different countries and lo-
cations therefore they cannot be clearly written
in the equations. It rather depends on the loca-
tion specific regulation. For example, the MWh
which is purchased through the public network
includes the retail cost, balancing cost, system
operator transfer cost, distribution operator tar-
iff, mandatory government taxes, direct costs. In
most of the places these costs can be even higher
than the electrical energy itself. However, if the
facility consumes the electrical energy which is
produced on the site directly, then only some of
these components can be added, like taxes be-
cause the electricity is not purchased through the
public network. Therefore in order to determine
the facility electrical energy savings, the loca-
tion specific marginal electricity cost P, has to
be taken into account case by case.

It has to be outlined that heat based cooling
which is based on the absorption chiller has a size
based cost-effect. It can be assumed that a small
cooling capacity can be fulfilled much more effi-
ciently locally with the electrical AC, rather than
provide cold water from distance which requires
additional water pumps and operational energy
and hence higher cost. If all the extra heat Wy
is consumed by the absorption chiller, then Equa-
tion 3 could be rather written as follows in Equa-
tion 9:

‘/\/:xtm . Pe + SAC + SPC > Vveextm . Pf (9)

This means that the CHP plant will run on
market conditions with the higher electrical load
if the savings from the absorption chiller usage
together with the additional electricity income
are bigger than the cost of the extra fuel. In bio-
mass based power plants there are usually in the
European Union always some subsidies involved
[23]. Absorption chiller based cooling enables
the CHP plant to increase electricity production
and hence receive the additional subsidy income
on top of the electricity price as shown in Equa-
tion 10:

Wexra. (Pe + SR) +S,.+S,.>

extra |
> Wf Pf,

(10)

where S, is the case by case specific subsidy in €/
MWHh_ received by the producer according to the
regulation. Since the feed-in tariff based subsidy
does not require the producer to participate on
the electricity market then this type of subsidy is
not taken into account in this research. In Equa-
tion 10 the so called feed-in premium is consi-
dered.

There are no restrictions to run the CHP plant
on a condensing mode, but in that case the plant
has to manage with market conditions. This,
however, is not possible in Estonia or other Baltic
States where the fuel cost is higher than income
from electricity [24-26] as per Equation 1. It
should be noted that the profitability of exploi-
ting heat based cooling opportunities is strongly
affected by the local energy policies and therefore
is a subject to the energy policy changes.

Usually the standard biomass fired CHP
plant total efficiency n is higher [22] than nor-
mally required n, [23] by the regulation in or-
der to receive the subsidy. Therefore the plant
can operate in the partially condensing mode at
certain higher range of efficiency as long as the
minimum required total efficiency is maintain-
ed, criterion 11:

w,+wr+w,
— 0 2T,

W, R

(11)

where W¥ is the additional electricity that can be
produced without losing the subsidy and n, is the
minimum required total efficiency for receiving
the subsidy. In that case the n, >n, additional reg-
ulatory dependent electricity production can be
written as follows in Equation 12:

extra R) ,
(Werre + WE) (P§+SR)+ (12)
+ 8,0 Spe > Wi - P

The optimization algorithm for the total
CCHP plant operational profit maximization can
be written in Equation 13 as follows:
(13)

“ H C C
max E G/V:zz' (}Zt+SRt)+Whr 'Phr+n/;1x 'Pht _vaz &)a
t=1

where t is the time period of one hour.
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POSSIBILITIES IN THE WOOD INDUSTRY
CHP

Key figures describing the facility under inves-
tigation
This section uses the method developed in the
previous section to investigate excess heat utili-
zation for cooling purposes and find the econo-
mical feasibility of the cooling process. The wood
industry located in Estonia is under investigation.
The industry main production activity is wood
processing. Therefore the facility needs heat for
the drying process and cooling air to cool down
the final product. Additionally, cooling is also
needed for the utility and office rooms, which
is at the moment done by local air conditioners.
The industry also operates the on-site CHP plant
which produces the required heat for the drying
process. The key parameters of the industry un-
der investigation are summarized in Table 1.
However, since the drying process requires
less heat in the summertime due to higher am-
bient air temperature the excess heat is left over.
Figure 1 illustrates the actual heat production

Table 1. Key figures of the industrial facility under investigation

profile for the industrial CHP under investiga-
tion. The studied CHP plant is built with a back-
pressure turbine making it impossible to adjust
the heat production without losing the electrical
output. Therefore the decrease in the heat output
also decreases the electricity output. At the same
time Fig. 1 also includes the modeling results of
the possible cooling capacity that could be added
on top of the overall heat load. The remaining
peaks which still have excess heat available can
be simply cooled down with the dry coolers
which are installed in the CHP plant while still
maintaining the required minimum 75% total
technical efficiency.

During the times of higher ambient tempera-
ture the drying process uses less heat. On the
other hand, higher ambient air temperature re-
quires more cooling energy to cool down the in-
dustrial product which is more energy intensive
when the temperature rises. Therefore this makes
the cooling demand an ideal substitute for the
heat consumption decrease. In Fig. 1 there are
also some normal operation dips which are either
caused by planned or unexpected maintenances.

Input data | Variable | Value | Unit | Source
CHP eIectrlcz.aI output W, 6.50 MW, Case study industry
capacity
CHP heat output capacity w, 18.00 MW,, Case study industry
CHP total efficiency N, 0.89 Case study industry
Fuel price Py 12 €/MWh [24-25]
Subsidy, feed in premium 53.7 €/MWh, [27]
Price (savings) for cooling Sc 0.00 €/MWh Case study industry
Process cooling airflow 90 000 m3/h Case study industry
Process cooling 5 °C Case study industry
temperature
Heat exchanger efficiency 0.85 Case study industry
Air conditioner .
(AC) capacity 0.334 MWy, Case study industry
AC load factor, .
t>10°C 1 Case study industry
AC load factor, .
10°C<t<10°C 0.75 Case study industry
AC load factor, .
t<-10°C 0 Case study industry
Absorption chiller efficiency Nass 0.75 Case study industry
t° below full heat load required tonax 10.00 °C Case study industry
Investment cost of 170 000 €/MW Case study industry

the absorption chiller
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Due to the reason the modeling uses the case stu-
dy facility actual historical data, these dips are not
taken out from the profile and are not meant to
be filled with cooling load either. These dips are
rather shown as a part of the modeling results.

Asitis presented in Fig. 1, the majority of heat is
used by the heat consumer which is the dryer unit
and heatvalleysare covered by the cooling demand
in the summer period. The combined heat load
makes the production profile much more close to
the base load plant profile. This in return allows
more stable operation. The actual case study fa-
cility excess heat volume relation to the ambient
air temperature is shown on Fig. 2. As explained
above, in order to maximize the electricity pro-
duction dry coolers are necessary to cover the
reaming excess heat peaks which cannot be cov-
ered by cooling load.

The excess heat deviation in the same ambient
air temperature range is caused by different oper-
ational influences. For example, if the heat con-
sumer has more pollution like dust in the system,
the heat transfer is poorer and hence more excess
heat is left over. Therefore auxiliary cooling devi-
ces would also improve the reliability of the sys-
tem.

Wood industry case study
In the Nord Pool Spot market Estonia area small
scale CHP plants cannot run on a condensing
mode in the market conditions because the fuel
cost exceeds the electricity market price. Accord-
ing to the Estonian statistical database and state
forest sales prices, the average biomass fuel price
was 12 €/ MWh [24-25] in 2012. In the same year,
the average electricity market price was 39.2 €/
MWh [26]. If the CHP total technical efficiency
M, is 89%, then the fuel consumption on full load
is 27.5 MW. According to Equation 2 this makes
the electrical efficiency n, 24%. This means that
24% of the primary energy are converted to the
secondary energy, in this case electricity. With
this electrical efficiency, the power plant short
term marginal cost would have been 50.0 €/
MWh,_ which significantly exceeds the electricity
price. The traditional biomass fired small CHP
plant would not be operating in these conditions.
Currently, the industry has 0.3 MW, of cool-
ing load for utility rooms and office which is
at the moment cooled with electrical air con-
ditioners. The wood processing also requi-
res 0.8 MW, of cooling load to cool down the
product. At the moment it is cooled down with
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Fig. 1. Case study facility actual heat consumption profile where the added
cooling load can help to even out the heat consumption in the summer period
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Fig. 2. Case study facility existing excess heat pro-
duction relation to the ambient air temperature

outside air and is not using the chillers. However,
if a heat exchanger would be used, the electrici-
ty consumption of the fan would be lower. The
company also loses some of the product quality
due to the lack of cooling capacity during the
summer period. In total, the existing cooling de-
mand is 1.1 MW, . However, in order to convert
this cooling capacity from the heat network and
taking into account the conversion factors, the
total cooling load in the heat network would be
1.7 MW, as shown in Table 2. As it is presented
in Fig. 2, the excess heat production can be up
to 7.8 MW, which exceeds the cooling demand.
Therefore, the remaining 6.1 MW, excess heat
has to be cooled down by the dry coolers sho-
wn in Fig. 3 in order to maximize the electricity
production.

The industry under investigation operates the
CHP plant with the output power of 6.5 MW _ and
18 MW, throughout the whole year, stopping
only for annual maintenance. The heat is used
currently 100% in the drying process of the same
company. However, in the summer time the heat
demand for the drying process decreases due to
higher ambient air temperature. At the same time,
the cooling capacity rises for the electricity rooms
cooling and for the process cooling. The proposed

system for the developed industrial three genera-
tion is shown in Fig. 3.

In Fig. 3. the proposed process diagram is
shown for the case study facility. Instead of using
all the heat in the dryer and being dependent on
the dryer heat consumption, the CHP can be run
also using the excess heat in the cooling demand.
For the cooling demand the absorption chiller is
needed in the conversion of the heat to the cold
water. In case the cooling load is not sufficient
enough to maximize the electricity production,
the dry coolers will start to work to cool down the
remaining portion of the heat and maximize the
electricity production and hence the profit.

RESULTS

Case study industry calculation results for the
cooling energy production are given in Table 2.
As it is shown, the payback time for the absorp-
tion chiller is less than 6 years. In addition to that,
there is an environmental saving through less
used primary fuels.

The above case study calculations are done with
the assumption that no heat is wasted or condens-
ed. The payback time for the absorption chiller is
calculated on the additional useful heat load that
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Fig. 3. Proposed technical solution for the Industrial CHP cooling system

it provides. The savings are counted as 0, becau-
se due to the small scale cooling demand there
is no size effect and the operation cost of the ab-
sorption chiller is as bg as the existing cooling
equipment operation cost. If the existing cooling

Table 2. Case study industry calculation results

devices are replaced by the absorption chiller, then
there will also be some electricity consumption
involved - cold water pump, absorption chiller
own consumption, etc. Therefore in this study the
electricity consumption is neutral when making

Output data | Variable | Value | Unit

Required process cooling 1346 MWh,,

Process cooling load Woc 1583 MWh,,

Air conditioners load W 2491 MWh,,

Total cooling load 4074 MWh,,

Heat demand for cooling Wg 5432 MWh

Heat demand for drying (y 147 507 MWh

Excess heat 6 180 MWh

Excess heat peak 7.8 MW,,

Heat for cooling 2927 MWh

Cooling load peak 1.7 MW,,

Additional condensation need 3254 MWh

Condensation peak 6.8 MW,,

Additional electricity production 1057 MWh,
Additional electricity income 105 478 €

Additional fuel consumption 4476 MWh
Additional fuel cost 53708 €
Additional profit 51770 €

Payback time 5.6 Years
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the transfer from the existing electricity driven
cooling system to the absorption chiller based
cooling. The main income in this study comes
from the CHP increased electricity production.

For the purpose of the simplification of the
calculations in this study the capital cost and the
interest rates were not taken into account. If some
additional field tests are done, then these can be
taken into account in future studies. In case there
will be some operational savings involved, then
this makes the feasibility even better.

It should be noted that this study was per-
formed by taking into account the existing sub-
sidy mechanisms and therefore the results are de-
pendent on the energy policy. In case the energy
policy should change the results can differ as well.
However, the developed method is still valid in
any case even when there is no subsidy mecha-
nism involved, because the equations can still
be used for the feasibility study. The developed
method is not dependent on the subsidy mecha-
nism, but rather takes this into account, because
it plays a key role in the case study calculations.
However, the developed method can be used in
any CHP system conversion calculations. This
study focused only on the producer aspect and
did not take into account the indirect influence
for other market participants or wider aspects to
the national energy mix.

CONCLUSIONS AND FUTURE WORK

The traditional CHP plant can be converted into a
CCHP plant if sufficient cooling demand is avail-
able. This study developed a method to calculate
and assess the effectiveness of the CHP conver-
sion to a CCHP plant. An actual case study was
performed on the existing wood industry facility
which operates the on-site CHP plant. The case
study facility actual data was modeled for the cal-
culation purposes. The investment payback time
for the absorption chiller based cooling technolo-
gy was found to be less than 6 years. Using the ab-
sorption chiller enables a CHP plant to become a
CCHP plant which also produces more electricity
in the summer period due to the increased ove-
rall heat load. Additionally producing the cooling
energy from excess heat means also savings in the
environmental aspect through savings in primary
fuels.

In the future the developed approach should
be studied on similar industrial CHPs which have
a constant cooling need and compared to the re-
sults found in this study. Furthermore, an actual
practical case study conversion should be made
in order to compare the practical results with the
theoretical results found in this paper. The practi-
cal conversion tests would be especially necessa-
ry to compare the heat based cooling operational
savings with the traditional cooling.
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PRAMONINIU TERMOFIKACINIU JEGAINIU
PERTEKLINES SILUMOS EFEKTYVUS
PANAUDOJIMAS VESAI

Santrauka
Straipsnyje pateikta, kaip $iltuoju mety laiku termofi-
kacinés jégainés pertekline $ilumg galéty panaudoti
pramonéje. Siekiant didinti termofikacinés jégainés
elektros gamybg efektyvus $ilumos gamybos kiekis turi
didéti. Sio straipsnio tikslas — pateikti pramoninéms
kombinuoto $ilumos ciklo jégainéms pasialymus, kaip
panaudoti pertekline $ilumg vietinei vésai. Straipsnyje
pateikiamas metodas ir budas, leidZziantis jvertinti pra-
moninés termofikacinés jégainés potencialg ir ekono-
mine¢ naudg i§ perteklinés $ilumos gaminant vieting
vesa.

Raktazodziai: kombinuota vésa, kombinuoto Silu-
mos ciklo jégainé, energijos efektyvumas, termofikaci-

nés jégainés, pramoniniai procesai

IIpuur Ysmaa, Iapanbac Buranrc,

Haruus Brym6epra, Vimpe [IpoBrap

OOOEKTUBHOE UCITIOJIb3OBAHME
MN3BbITKA TEIUIA T311 B IIPOMBIIIVIEHHBIX
YCIIOBUAX OJIA OXTTAKITEHWA

Pesome

Hacrosmee nccinefoBanne paccMaTpuBaeT BO3MOX-
HOCTM yTWIM3anVM M30BITKA TeIUIa TeIUIOdNIEKTPO-
nentpamu (TOI]) B IPOMBIIITIEHHOCTH BO BpeMs
ropsYMX IEPUOJOB, KOrja MOTPeOHOCTY B TeIlIe Or-
paHudeHbl. YTOOBI yBeIMYUTD BBIPAOOTKY 37I€KTPU-
gectBa TOII, HeOOXONMMO yBETUYUTD TEIUIOBYIO Ha-
IPY3Ky. 3afadya HACTOSIEN CTaTbyl — IPEOCTaBUTD
pellleHIe 10 MOBOAY YTMIM3aLuy M30bITKA TeIria
T3I] ¢ uenbio TOKAaIbHOTO OXMaxmeHus. Vccremo-
BaHIe pa3pabarbiBaeT METOR M MOJeNb OL[eHKM MO-
TeHI[MajIa ¥ SKOHOMIYECKOI BBITOAbI 00BbeKTOB TIL]
s o0ecriedeHns JIOKa/JIbHOTO OXJIAKIEHMUSA C IIOMO-

1IbIO M30bITKA TEIIa.

B 3aBucMMOCTM OT CHeIManM3aluy TPOMBbIII-
JIEHHOCTH, TIOTpeb/IeH e TelTa, 0ObIYHO, HIDKE B JIET-
Hee BpeMs, TOT/[a KaK HarpysKa 10 OX/TaX/eHMIo 6oree
BBICOKas B TO Xe BpeM:A. CriefloBaTeNIbHO, 3TO 1 €CThb
ujeanbHas KpMBas MOTpeONeHMA A YTUIM3ALVN
u30BITKA Telyla. MaKcUMabHOe MPOU3BOACTBO Tell-
JIa OTPAaHMYEHO B JIETHee BpeM:d 13-32 YMEHbIIEeHUs
HOTPeOHOCTI B TeIlle CO CTOPOHBI IIOTpeOuTesnert.
[Tockonbky TOLl mpoMbliieHHOTO Maciutaba, B Oc-
HOBHOM, paboTai0T ¢ TypOMHAMI IPOTUBOJABICHS,
¢ uenplo yBenudeHnsa 3dpdexTuBHOCTH, BbIpabOTKa
9JIEKTPOIHEPIUY YBE/IMYUBACTCA BO BpeMs IIepIOJOB
yMeHblIIeHus notpe6HocTy B Tere. ClefoBaTebHO,
HONCK pelIeHNII IO YBeIMYEeHNIO TEIJIOBOI Harpys-
KU ABJIACTCS K/II0YeBBIM (PAKTOPOM I yBeMMIeHMA
IIpOM3BOJCTBA dnekTpudecTsa TILI 1, orciofa, 3Ko-
HOMMYECKNX MIOKa3aTesiell 3aBofa.

Texumuecku TIL] MoxkeT Takxe paboOTaTh B KOH-
TeHCAIlMIOHHOM PeXIMe BO BpeMs JIeTHETo Iepuoyia,
ecM 3aBOJl MIMeeT JJONOJTHMUTEIbHOE OX/IaXK/aloliee
obopynoBaHue B JOCTaTOYHOM o6beMe. OHAKO, OT-
HOCHUTE/IbHO HU3KMIT ypoBeHb aneKTpuyeckoro KIIJI
Y PLIHOYHOIA IJeHbl Ha 9/IeKTPUYECTBO He MOKPhIBAET
TEKYIIUX 3aTpaT Ha TOIUIMBO. VICTIONb3yst M36BITOK
Telia MpY OXJKAEHMU JJIA IIOTyYeHUs YCIIOBUIL,
6/1aroIpUATHBIX /IS TEXHOJIOTTYECKOTO IpoLiecca Io-
3BOJIIET BOBMOXKHOCTD paboTsl TOI] B kadecTBe ba-
30BOJI 97IEKTPOCTAHIINM, KOTOpasl IPOU3BOAUT JJIeK-
TPUYECTBO IPY IIOJIHONM HArpysKe Ha IPOTSKEHUU
BCETO TOJA, YBENMMYMBAs ONEPALMOHHYIO IIPUOBLIb.
[maBHBIM 06pa3oM, U3-3a YBENUYEHNUS NIPONM3BOJCTBA
9JIEKTPMYECTBA IOTYIAeTCS HOIOTHUTEIbHBII TOXOT,.
Kakoii-To J0oX0 Tax>Ke MOT ObI ITONy4aThCA OT cOepe-
JKeHUI] 110 3aTpaTaM Ha OXJIaXK/IeHNe, KOTOpbIe, B IIPO-
TYBHOM CITyd4ae, MOI/IU OBl OBITH TIOHECEHBI B CTydae
IPUMEHEHV YIPaB/IAeMbIX 3JeKTPUYeCTBOM OXJIa-
mureneit. Ecmn TOLI ucnonpsyet 61oTomnnmmsa, He06-
XOIMMO [IOHONHUTENbHOE (PUHAHCHPOBaHME B BIJIE
cyb6cupuit, KOTopble IPeOCTABIIAIT MHOTYE CTPaHBI
17151 3¢ GEeKTUBHOTO MPON3BOACTBA BO30OHOBIIIEMOIT
9JIEKTPOIHEPIUNL.

Ienpbio HACTOAIIETO UCCTIEOBAHNA ABACTCA pas-
paborka peHTabeIbHOCTH abCOPOLMOHHON XOJO-
JOVIBHOJ YCTAaHOBKM B JIECHOV IIPOMBIIIEHHOCTU B

YCIOBUAX OTKPBITOTO PbIHKA 3JIEKTPUYIECTBA.
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Hacrosiee nccnenoBanme MoKasano, 4To CaefyeT
paspabarbiBaTb BO3MOXXHOCTY OX/TXKIEHMSI C ITOMO-
IIbI0 BEIPAbaThIBAEMOTrO TeIIA B OTPAC/IAX IIPOMBIIII-
JIEHHOCTH, B KOTOPBIX 3afielicTBOBaHbI paboune TIII.
Tpapunyonssre TOL MOXXHO KOHBEpTHPOBATb B KOM-
O6UMHMPOBAaHHBIE OX/TAXKAAIOIINE U TEIUIOBBIE H/IEKTPO-
crannym (KOTD), ecnu cyiecTByeT MOTpeOGHOCTL B
OXJTaXX[JeHUI Ha TIPoM3BoacTBe. AGCOpOIMOHHAs XO-
JIOOVM/IbHAS YCTAaHOBKA MCIIONB3yeTCs ISl IPOMU3BOJ-
CTBa XOJIOIHOI BOJIbI U3 TEIIOBOI CETU U, C/IeoBa-
TE/bHO, IepepaboTKM M30bITKA Tella. B HacToseM
UCCTIEROBAHNUM OBIIO TIOKAa3aHO, YTO CPOK OKYIaeMo-
CTV abCOpOLMOHHO XOMOANIBHON YCTAaHOBKM COC-
TaBJIsET MeHee 6 JIeT I, ITO ITO MO3BOJISAET IPOMBIIII-
nenHoit TOI] HempepbIBHO IPOM3BOIUTL OOJIbLIE
9JIEKTPUYECTBA B JIETHee BpeMs. ITO, K TOMY XKe, 03-
HayaeT, YTO yMEHbBIIAeTCA BIMAHIE Ha OKPY>KAIOLIYIO
Cpeny, ¢ MOMOIIBI0 YMEHBIIEHsI 3aTPaT Ha MepBII-
HbI€ TOTI/INBA.

B Oynymem, ciaegyer m3ydumTh HOFOOHBIE IIPO-
mpliteHHple TOLI, y KOTOPBIX CylIecTByeT Heo6Xo-
IMMOCTb B IIOCTOSHHOM OX/TaKIeHun. Takke, HEOO-
XOJVIMO YCTaHOBUTD OX/IXKAAIOIINMII 010K M CPaBHUTD
pe3yJIbTar ero AeCTBIUS C TEOPETUUECKIIMU UCCTIER0-
BaHysAMM. [IpakTudeckoe mcciefoBanmue npeobpaso-
BaHMs OygeT HeOOXOAMMO /st CpaBHEHUs pabodero
9HEpronoTpebIeHIs YICCTIeRyeMOro cydas 1 abcopo-
LIMIOHHOT'O OXJIAK/I€HMSI.

KnroueBble coBa: CMelIaHHOE OXJIaXKIeHMe, Te-
IJIO3/IeKTPOLIeHTpasb, sHepretundeckuit KIII, cucre-

MbI TE€IIO OXJTIKAEHNA, IPOMbIIIJIEHHbIE IIPOLIECChI



