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Carbon footprint analysis on low ambient temperature air source heat pump (chiller ) units for

industrial and commercial use

QU Boyil 2 WU Junfengl 2 SUN Yun'2,ZHAO Panpanl’z, DAI Lin"?, WANG Shouchuan'*?,SONG Zhe'*2
(1.Hefei General Machinery Research Institute Co., Ltd., Hefei 230031, China;
2. Sinomach General Machinery Science & Technology Co., Lid., Hefei 230031, China)

Abstract:To identify the key stages and main influencing factors of carbon emissions during the lifecycle of low ambient
temperature air source heat pump (chiller) units for industrial and commercial use,and to guide low—carbon design of the units,
based on the theory of life cycle assessment,the main greenhouse gas emissions of low ambient temperature air source heat pump
(chiller) units for industrial and commercial use were calculated and sensitivity analyzed in five stages:raw material acquisition,
processing and assembly, operation, transportation,recovery and disposal. The results show that the main contributions of
greenhouse gas emissions during the life cycle of the unit come from the electricity consumption and refrigerant emissions during
the operating stage , accounting for over 98% , while other stages can be basically ignored. After replacing R410A with R454B,
which has a lower global warming potential (GWP) ,the total greenhouse gas emissions decreased by 15.14%. When the energy
efficiency level of the unit is increased from level 2 to level 1,the total greenhouse gas emissions are reduced by 3.03%. In
addition, the change in energy structure has resulted in a reduction of over 6.77% in total greenhouse gas emissions. Therefore , the
carbon reduction in the life cycle of low ambient temperature air source heat pump (chiller) units for industrial and commercial
use should focus on the operating stage. Using refrigerants with low GWP,improving energy efficiency,and increasing the
proportion of new energy in the national energy structure are important ways to reduce carbon emissions throughout the life cycle of
the unit.

Key words: low ambient temperature air source heat pump (chiller) unit;life cycle; carbon footprint; carbon reduction strategy
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Tab.1 Main technical parameters and performance indicators of the unit
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Fig.1  System boundary for calculating unit carbon emissions
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Tab.2 List of raw materials and carbon emission factors
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Tab.3 List of processing and assembly stages and

carbon emission factors
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Tab.4 Heating/cooling performance of the unit
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Tab.5 List of transportation processes and carbon emission factors
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Tab.6 Material recovery rate and distribution coefficient
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Tab.7 Calculation results of carbon emissions from unit

) izf7 ~
BBt JEA BRI Jin T e ST iz FCSANE  AA A
CEWARIEY R i biiiel
CO, M /kg 1.02x10* 3.07x10° 1.02x10° 1.49x10° 433x10°  -2.63x10° 1.18x10°
di ke 0.86% 0.57% 86.14% 12.61% 0.04% -0.22% 100%

M 7 AT LA iz LAl R E 2k
THLABITH B, di A 98.75%. Hivb, i J1 i
FERN AT 439 o5 L 86.14% F1 12.61%. 1
Fb 2 R, HoAfh A B B BB HERR 7 FL AR5 /)N,
WA T &

32 BEESHT
3.2.1 ML TSR] X 8

KT 43 WA [R) DX Sk %o B A2 30 P4 5 0, TR T
GB/T 25127.1—2020 FLE (AIF )5 40, DABLRIE T
B[N N | W N T B A N i
XA RBHE AT, 530 2 o, AAIETAT I,
TCIEHLALEA TR X3, H )T FE A R R
B FEHEOE , 5 HUAE 83.17% LU s HALZ fI#GE
Tt ke B sHE A s TS T, hlHE Tz

FTREFERCR UM AR T —7~2 °C.

TPGR X -20~-12 CEN-12~-7 CEE-7~2 C E2~7 C MM7~15 C
il ¥ I B 21~25 °C 20 ¢ §¥29~35 C FZ 35~43 C

Y Q—

15+ 1100
= 863 g3y 8504 BG4z
o 180
= —_
= S
X 60 =
S~ —_
- "
AT, 40 &
S $
= S 120
=

0

K2 LB TR [l X AR HR R X L
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Fig.3  The impact of electricity consumption on greenhouse

gas emissions during the operation stages of units in
different scenarios
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Tab.8 Carbon emissions of the unit under different

refrigerant recovery rates
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Tab.9 Predicting National Grid Carbon Emission
Factors from 2023 to 2032

i e R T / Eiijﬁﬁl;ﬁ‘é‘iﬁ*ﬁ%
(kg kW' +h™") THEAL /kg
2023 0.565 05 2153.98
2024 0.557 47 2125.09
2025 0.549 43 2094.44
2026 0.540 94 2062.07
2027 0.531 99 2027.96
2028 0.522 58 1992.09
2029 0.51271 1954.46
2030 0.502 39 1915.12
2031 0.491 60 1873.99
2032 0.480 34 1831.07
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