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Integrated Energy System Fuel Saving by Implementing
Absorption Lithium Bromide Heat Pumps at Industrial
Heating CHP Plant
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Abstract. This paper presents the results of a study of overall fuel consumption reduction for elec-
tricity generation in the Belarusian Integrated Energy System (IES). The solution is relevant for
combined heat and power plants at industrial sites with significant non-return rates of process
steam condensate, viz. Novopolotsk CHPP, Mozyr CHPP, and Grodno CHPP-2. The essence of
the modernization lies in the beneficial use of heat from the steam turbine condenser circulation
circuit to heat makeup water. Calculations are provided for units with PT-60 and PT-70 steam
turbines which are the most common types in the Belarusian IES. Implementation of this solution
at the CHP plant requires the installation of an absorption heat pump (AHP), which is driven
by flue gases extracted from the steam boiler gas duct. The calculation is based on the condition
that steam flow to the condenser is maintained constant before and after the modernization, which
also leads to a slight reduction in the turbine unit’s electrical power. As a result, for all plants
increase of efficiency factors were achieved, which are energy, electrical, and exergy efficiencies.
The greatest reduction in annual fuel consumption was achieved for power units with high process
steam extraction flows and a significant operating hours per year. When implementing this me-
asure on the PT-60 and PT-70 turbine units of these plants — a total of five units — the annual re-
duction in primary fuel consumption in the power system will reach 12.8 thousand tons of coal
equivalent (tce) per year (with a specific fuel consumption of 302.8 gram tce per kWh for the re-
ference power plant). This solution not only reduces the cost of electricity production, but also
reduces greenhouse gas emissions, which is one of the goals of sustainable development.
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Pemenne akTyanbHO IS TEIUIOAICKTPOLICHTPANICH TPOMY3JIOB CO 3HAUUTEJILHBIMU HEBO3BpAaTaMU
KOHJIEHCAaTa T1apa Iponu3BoJcTBeHHOro otbopa — HoBonosnomnkas TOLI, Mo3ssipckas TOII u I'pox-
HeHnckast TOL[-2. CyTh MOJEpHHU3ALUK 3aK/II0YAETCS B TOJIE3HOM HCIONb30BaHUU TEIUIOTHI IHMP-
KYJISIIMOHHOTO KOHTypa KOHJAEHCATopa MapoBOil TypOMHBI IUIsl MOAOrpeBa MOAMUTOYHON BOJBI.
Pacuets! mpuBogsTes s 6;10kOB ¢ mapoBeIMU TypOuHamu tuma [1T-60 u I1T-70 xax Haubonee
pacnpoctpaneHsbix B benopycckoit OOC. Jlns peanu3anuy JaHHOTO PEIeHHUs Ha CTAHLUH HE0O-
XOIUMa yCTaHOBKa abcopOIMOHHOTO OpoMHcTO-THTHEBOro TemioBoro Hacoca (ABTH), rme B
Ka4ecTBe NMPUBOAA MCIOIb3YIOTCS JBIMOBBIE Ta3bl, OTOMpPaEMble U3 TPAaKTa MapoBoro kotia. Pac-
YeT NPOBOJHJIICA UCXOAs M3 yCIIOBHs COXPAHEHHUs NPOITyCKa rapa B KOHAEHCATOp 10 U TOCJe MO-
JEPHU3ALNH, YTO MIPUBOAUT TAKXKE K HEKOTOPOMY CHIDKEHHIO JIEKTPHIECKON MOIIHOCTH TypOo-
YCTaHOBKU. B pesynbTaTe /Ul BCeX CTaHLMH MOJYYEHO yBEJIMYEHHE INokaszartenei sddekruBHO-
CTH, a MMEHHO JHEpPreTHYecKoro, ajekrpmdyeckoro u skceprermdeckoro KIIJ[. Hambomnbmee
COKpAIIIEHHe TOJIOBBIX PACXO0B TOIUIMBA MOIYYEHO IJISI SHEPTrOOIOKOB ¢ OOJNIBIIMMH Harpy3KaMu
NIPOU3BOJICTBEHHBIX OTOOPOB I1apa M 3HAYUTENBHBIM KOJIMYECTBOM YHCIIA 4acOB PaboThI B TOLY.
[Ipu peanmzammu Meponpusatus Ha Omokax TypOouH [1T-60 u IIT-70 mepednciieHHBIX CTaHIMNA —
CYMMapHO TSITh OJIOKOB — TOI0BOE CHIDKEHHE PAcXofja TOMIMBA B JHEPrOCHCTEME COCTaBHT
12,8 ToIC. T y. T./roA (B KauecTBe 3amMbIkaromiell craniuy npunsaTa KOC ¢ yaensHbBIM pacxonoM
tormmBa 302,8 ry. 1./(kBT-4)). JlaHHOE pelieHne MO3BOJSET HE TOIBKO CHH3HUTH CE0ECTOMMOCTD
MIPOU3BOJICTBA AIEKTPUIECKON SHEPTHH, HO U COKPATUTh BHIOPOCHI APHUKOBBIX I'a30B B aTMOChe-
Py, UTO SIBIISIETCSI OJHOH M3 IieIel yCTOHINBOTO Pa3BUTHSL.

KnioueBble c10Ba: cuCTeMHas SKOHOMHS TOIUIMBA, HHU3KOIOTCHIMAIBHBIE TEIIOBBIE ITOTOKH,
a0CcOpOLMOHHBINA TETIOBOH HAacoC, MOJOTPEB MOAUTOUHOH Boabl TOLI, mapoas Typouna I1T-60

Jas uurupoBanms: SIHuyk, B. B. CucteMHas 35KOHOMUS TOILIMBA NPH BHEIPEHHUH aOCOpPOIMOH-
HBIX OpPOMHCTO-JINTHEBBIX TEIUIOBBIX HACOCOB Ha MPOMBIIUIEHHO-oTonMTeNbHbIX TOL] / B. B. SH-
uyK // Dnepeemuxa. Hzs. gvicui. yueb. sasedenuil u suepe. obveounenuti CHI". 2026. T. 69, Ne 2.
C. 167-174. https://doi.org/10.21122/1029-7448-2026-69-2-167-174

Introduction

In recent decades, the rate of climate change on the planet has been increa-
sing, which is associated not only with natural processes [1]. This circumstance
forces humanity to take steps to reduce the anthropogenic impact on the envi-
ronment [2].

In accordance with the program of socio-economic development of the Re-
public of Belarus for 2026-2030, by 2030 the level of greenhouse gas emissions
must be reduced by 37 % of the 1990 level [3]. The main source of greenhouse
gas emissions in the world, as well as in Belarus (Fig. 1), is the energy sector.

Emissions reduction in the production of heat and electricity is possible
by increasing the share of renewable energy sources, as well as by improving
the efficiency of primary fuel use.

In the Republic of Belarus in 2024, 62.25 % of all electricity was generated
through direct combustion of natural gas [5], which shows the need to continue
works of improving the organic fuels use efficiency.

In previous studies [6, 7] it has been shown that modernization of the rege-
nerative feedwater heating system, and in particular, the implementation of an
absorption heat pump (AHP) in the thermal circuit of an industrial heating power
plant with significant share of non-return of condensate, allows to increase the
efficiency of electricity generation in the cogeneration cycle. Increasing electri-
cal, energy and exergy efficiency and, accordingly, increasing the efficiency
of primary fuel use at one specific station also makes it possible to increase
the efficiency and sustainability of the entire energy system by reduction of fuel
consumption for the same amount of energy generated.

Primary fuel saving is achieved through the regenerative use of low-grade
waste heat flows, which in a conventional system is dissipated into the environ-
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ment. Specifically, this paper examines the use of steam turbine condenser circu-
lating water.

Steam from turbine extraction [6], as well as flue gases [7]. taken in the
required quantity from the steam boiler gas duct, were previously considered as
the drive for the AHP. It was obtained that the variant with AHP driven by flue
gases is more efficient. Further results are presented specifically for this option —
a gas-driven AHP. Flue gases are withdrawn from the steam boiler gas duct with
temperature of approximately 350-400 °C.

c
L2 -
e
3 i
3 5
§  sws
o 2 £
?E o w @ a &
2 & 53%2¢
o0
- ao G E T C
c £ ©L 05 &
T @ 5 E:C'S
g 5 t v O v LT
£ [s] S c
o £ ©0 mma‘ﬂ)v (%2}
= 3 ot e.2L .83
£ 2 2458 28E 0%
éamm'gm'c%aﬁ';%
L < E=a>°ctz20<«S
L=
‘ )
. g
g -
L
«
oo}
—
&
g
=}
=H
o (%
G N
~ = 8
EN
s 8
| 2
N o ‘”%
L -
[=} .-QE
I 2 5
S &
7]
=
w0 s 2
O
<] )
~ w—s
UV
2 &
£
-8 3
& S
~
.20
=
R
W
_o~
J o~
-
o
o
o
i
Rl R R R B e R R R
c c c c c c o c c
= 2 .2 2 2 =] =] 2
S E E E i= E E €
(=] o o o o o o o
0 w < ™ N — T cil



B. B. Anuyk

CucreMHast JKOHOMHUS TOILINBA IIpHU BHEAPCHUUN a6c0p6HI/IOHHBIX 6p0MI/ICTO-J'II/ITI/IeBI)IX. ..
is discharged into the atmosphere after cooling.

The schematic diagram for integrating the AHP into the layout of a CHP

equipped with a PT-60 steam turbine is shown in Fig. 2. The flue gas stream,
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directed from the boiler to the AHP,
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The plants selected for implementation of AHP for the feedwater heating
system are those with significant condensate non-returns — plants at indust-
rial hubs, namely Novopolotsk CHPP, Mozyr CHPP, and Grodno CHPP-2.
The study is being conducted only for the PT-60 and PT-70 turbines installed
at these plants.

The thermal and electrical loads of the power plants and their operating
hours in this mode were determined based on 2023 statistical performance data.
Table 1 presents the average calculated operating characteristics of the units.

Table 1
Power units performance characteristics
Heat supply Heat supply
Mean . .
Power . . from process from heating Operating
Tirbine electrical . .
plant load. MW extractions, extractions, hours, h
’ Gecal/h Gcal/h
Novo- No 1 PT-60-130/13 28.8 65.9 24.0 3960
polotsk
CHPP No 2 PT-60-130/13 48.4 594 59.7 5103
Mozyr 1 \o 1 PT-70-130/13 47.0 113.7 31.8 3655
CHPP ’ ’ ’
Grodno | No 1 PT-70-12,8/128 | 46.0 39.8 50.8 4051
CHPP-2 | No 2 PT-70-12,8/1,27 | 48.9 542 45.8 7919

There is no return of process steam extraction condensate at Novopo-
lotsk TPP and Mozyr TPP. For Grodno TPP-2, the condensate loss is 70% du-
ring the heating season and 45 % during the non-heating season. Steam pressures
in the process extractions for each plant are as follows:

— Novopolotsk CHPP: 1.6 MPa;

— Mozyr CHPP: 4.0, 1.4, 1.0 MPa;

— Grodno CHPP-2: 2.7, 1.3 MPa.

The calculation was based on the condition of maintaining a constant steam
flow to the condenser before and after the modernization. Consequently, while
maintaining the plant’s thermal loads, the modernization of the makeup water
heating system — which involves reducing steam extraction for feedwater hea-
ting — results in a decrease in electrical output. Table 2 presents the changes
in efficiency indicators: electrical, energy, and exergy efficiency following
the modernization.

The greatest fuel saving effect was achieved for power units with a high
number of annual operating hours, as well as for plants with high steam supply
rates to industrial consumers, namely Novopolotsk TPP and Mozyr TPP.

According to Chinese AHP manufacturers, the unit cost of such equipment
depends on its thermal capacity. This dependence for flue gas driven AHPs is
shown in Fig. 3.
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Table 2
Changes in plant performance indicators following
modernization
Increase Increase Increase AHP An.nu?l
Power . . . . . ., |fuel savings
lant Turbine in electrical | inenergy | inexergy |capacity, ¢ the plant
plan efficiency, % |efficiency, % [efficiency, %| MW a :c}; ant
Novo- | No 1PT-60-130/13 53 34 1.2 5.6 4034
polotsk
cHpp | No2PT-60-130/13 3.1 2.1 0.8 5.0 4340
Mozyr | No 1PT-70-130/13 5.3 4.0 1.7 9.6 4955
CHPP o -70-130/ . . . .
Grodno |No 1 PT-70-12.8/1,28 1.9 13 0.5 24 1008
CHPP-2INo 2 PT-70-12.8/1.27 1.8 1.3 0.5 2.7 2096
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Fig. 3. Specific capital investment in AHP as a function of capacity

According to the guidelines for determining the effectiveness of funds allo-
cated for energy-saving measures [8]. the simple payback period of the imple-
mentation must not exceed 10 years. Taking into account the Energy Efficiency
Department’s recommendations on the estimated cost of 1 ton of coal equivalent
(tce), projected at 195 USD for 2026 [9] it was found that these measures are
economically viable for all the power units listed. The simple payback pe-
riods for the measures, including costs for engineering, construction, installation,
and commissioning, do not exceed 2 years for all plants.

Table 3 presents data on changes in annual electricity generation at the speci-
fied plants (considering only units based on PT-60 and PT-70 steam turbines).
It is assumed that all other power-generating equipment operation mode doesn’t
change. A condensing power plant (CPP) with a specific fuel consumption
of 302.8 gce/kWh is taken as the reference power plant in the energy sys-
tem [10].

By implementing this measure across all the described plants, fuel savings
in the energy system will amount to 12.8 thousand tce per year.
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Table 3
Energy system fuel savings

Parameter Novopolotsk CHPP Mozyr CHPP Grodno CHPP-2

Annual electricity generation, GWh

CHP before modernization 361.0 171.8 573.6
CHP after modernization 349.0 164.0 565.7
Reference power plant 12.0 7.8 7.9
Annual fuel consumption, thousand tce

CHP before modernization 222.4 125.0 288.8
CHP after modernization 214 117.7 283.3
Reference power plant 3.6 2.4 2.4
Reduction of fuel consumption

in the energy system 4.8 4.9 3.1

CONCLUSIONS

1. The implementation of absorption heat pumps (AHPs) for heating makeup
water at CHPs, utilizing flue gas streams extracted from the boiler gas duct
as the driving energy source, enables to reduce annual primary fuel consumption
within the power system while maintaining the same total output of thermal
and electrical energy.

2. Integrating AHPs for makeup water heating into the thermal cycles of PT-60
and PT-70 steam turbine units at Novopolotsk TPP, Mozyr TPP, and Grodno
TPP-2 will result in annual primary fuel savings of 12.8 thousand tce for the
Belarusian power system.

3. Modernization of makeup water heating systems at CHPs by integrating
AHPs into the thermal cycle enhances the performance indicators of po-
wer units. The electrical efficiency increase for PT-60 turbine units at Novo-
polotsk TPP is 5.3 % and 3.1 %; for PT-70 units, it is 5.3 % at Mozyr TPP,
and 1.9 % and 1.8 % at Grodno TPP-2.

4. The simple payback periods for the AHP-based makeup water heating im-
plementation on the listed power units comply with the cost-effectiveness indi-
cators for energy-saving measures, and do not exceed 2 years for all plants
at current equipment prices.
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