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Abstract  Achieving low-carbon combined cooling and heating supply in distributed areas away from centralized cooling and heating
networks is highly significant in the context of carbon neutrality. This study proposes a combined cooling and heating system based on an
absorption heat pump, which uses a variety of clean and renewable energies, such as solar heat, geothermal, waste heat, biomass, and air-
source energy, to achieve the combined cooling and heating in a wide temperature range from =20 °C to 90 “C. Such systems are suitable for
distributed areas, such as villages, cities, and industrial parks. The system model was constructed based on Aspen, and a prototype was
developed. The prototype uses a vacuum tube collector to capture solar thermal energy and introduces natural gas as a supplementary heat
source to balance fluctuations of solar energy. Multiple sets of indoor heating and cooling terminals can be driven through medium circulation
and valve switching using a single set of absorption heat pumps and outdoor units. The environmental test of the prototype was performed in
Jinan, and the solar thermal ratio reached 35% during the testing period. An all-weather stable energy supply was achieved by proportional
control of natural gas. Moreover, a wide range of concentration adjustments was achieved by controlling the liquid level in the solution tank,
enabling efficient system operation in a wider temperature range. The coefficient of performance (COP) of cooling reached 0.30-0.43 at
=20 °C and 0.70-0.78 at 7 °C, with cooling water temperatures varying from 30 °C to 20 °C; the COP of heating reached 1.40-1.90 at
45 °C and 1.35-1.56 at 80 °C, with evaporation temperature varying from =15 °C to 20 “C. The study results demonstrated that introducing
solar thermal energy and ambient energy recovery increased the fraction of renewable energy in the system to over 50%. Compared with the
traditional method of gas furnace plus air conditioning, the annual operating cost and carbon emissions of the proposed system were reduced
by over 54.3% and 44% , respectively, which has significant application potential.

Keywords absorption heat pump; multi-energy complement; combined cooling and heating; renewable energy; carbon emission reduction
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Fig.1 System flowchart
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Fig.2 Simulation model of the system



Tk F1H
2025 4F2 A

BE T, 4 : ZRE LAY WU T S0 X AR it R GE T 5

Vol. 46, No. 1
February, 2025

3R, T ELE T, A UL A A S 2R
WARAEL, M0 = ZAS 00 A P Gl Bk mi e, AP
P RE R R T AS SO A v PAfe it R Gk BE o A
FIRE L, AU TG S0, 38 PR E & I AR
TBLT Bz SR, UL e T 00 T AV Rl
AR AR JE

40

33 32

830 2932 3 28
il

IE 20

Ry

g 10

b

0 {

ol S 6 A

1m1i21 2 3 4 5 6 7 8 9 10
At

B3t XAREFEHSRESR
Fig.3 Monthly extreme mean temperature distribution in

Beijing

DI = 1252 Ry 5], BRUA 3 f fr T R (I o i
Pyla) B R SETOT (LA AR X IE) O 80 m?, AR
P B BRI O A s N BRI TR 4y
B4 26 CHI 16 °C, THEAS RN 40 X AL £ 1R/
PAATTE A A, AN 4 B, % 08 4 T 25
£ I A RO R 5O 1.2,

oo [ETFRBIMBART  HBLA I S0

70t
= 60
=50
£ 40
¥ 30
20
10

Imi121 2 3 45 6 7 8 910

EE)

E 4 et X BRE S/ AATTEREA NS
Fig.4 Monthly distribution of cooling/heating load of
the typical residential building in Beijing

2.2 RIS A TTRE RS BERR R

W Ve St RgE 0 4R s T RE R %k cop
SAARINEL S BiR, HE S AT, R4 coP
He5fE 1.7 ~1.8; EF (LR COP 4EFF7F 0.85 ~
0.90; &4t COP 5ABIREF H B A T T 2
G, MFE & B T 00 F R IEM G, ok, & &
T RG 78K T A2 AR I B 5, E A COP &
H 7S S AR T B 2 T T B G008 kIR B A
WA A7 A B U B 5 ), iR Ye COP & AR B i B
BN,

2.0
1.8} V
Ste
O U AFrHE
B4l 1, =36C \
fm% 12 r HM.out T(‘M’ =12 "C
ﬁ 1.0} CM;oulzlo OC
0.8

111221 2 3 45 6 7 8 910
A
Bl 5 %4 COP ZA &N
Fig.5 Monthly distribution of COP of the system

W58 R B, e PR e it R e 4% = 2B 1 1 4
P RIS AT TR I 6 iR, JHAE R 2
BER THUT 28K & VR BERs RISCAS FR 2B 45 1 344
AL R 4~ 12 kKW, 3% 25 HLAL A3 1 et 2
MR R R T Bk, 2R E R EE R i
faf (132 22 AR W BE R FERI 1) 5 H AR 9
H,80 m* A& AR T LN 4 kW, T 7E
SR R R ) 7 A R E] T 10 kW,

~RER - ARE

141 — &K e

1o | = B s — R R
EIO- N\
w8
ﬁé6/\

21

oL/ T ————e

11 121 2 3 4 5 6 7 8 9 10

At
6 EpHRRETW

Fig.6 Changes in heat transfer of components

HH &l 6 i AT AT, RGEAEA LTI T R mlli
HAE1~1.4 kW, K TR RS T T 0.3~0.7
kW, X EFNTEL BT AT, REE L R 78
A SR AR TR )T 78 &l
JEALR 18 °C, BRI =0T 49 98 2 51 1 L -k 1)
SNRIREE 78 H AT R | 2R 98 30 1 7 T AR
IO S A0 TV VR0 B A v, TR B R G 1 A A
Wehe 152 R

W5 R I, WA POt R e H F R 5
AT IR T T W 2K RO (0 80 284k
BREER, I 7 PR, T 28 e, ILAL iR
WP R RGBT I B AR B Bk B R Gk et
TR, EABMIT T, RGE R ARk
HERETE 33% ~40% ; NTEE LR T AT, REMN i
PR T e BE WIAE 56% ~61% .,



%46 % 21
2025 4F2 A

il v 2 4

Vol. 46,No. 1
February, 2025

~
(e}

(

THMAil\:36 QC n
T, =42°C T,  =10"

.Q’/ CM.out
11121 23 456 7 8 910
k)
B7 RERRIREEN

Fig.7 Changes in solution concentration of the system

PEIR BB E /%
3

| ZFERE MR
T C
C

S
o

W
o

3 LR

3.1 [FIBENLAH

BT TR ] T 30 kW G 10 kW
il ¥ 19 22 RE AN v AR R G I BAEIL , ]
8 W/, FEALHG 3 AR eI AR B MR CAMA
RPN e ot st . Horp SR e iR
MEZEENG B THmiit s, W
WK BHRE IR T8, WSO AR 1 3 A I A
ACRMIREE 38 1 AR (B P T ) MK, -1
SR AT A T B S AR RE D gl (R AR A AR
(19 T P R AE R A AR E W R A 3 34
AR El , S BLTE R DXV e it 7 B R e

(b) BREC AL R R Hfe i s

8 [RIEFFHLEY
Fig.8 Pictures of the prototype

JAEZE R A ARV BE , T A2 HE Ve R s B2 AR, 2R
AT E R GE IR SR 2 =4 AR T 2R
A FTTEVS BE 25 RIS AR A RE | T 7E AL i
JHCHARE , B2 A 5T A A AR RIS A 25 < e I
TR 2 75 R AR A TA A,
3.2 BETRIEEMLIE

2023 4F 7—9 A FHEEEYLE S R — XIFRET
B, 7E-20 C A7 C 4 50 °C il 80 C fitk 4
R T T 4 IRE 54T 24 ~48 h, WK 9 froR, W]
AL 7E R FEYEFE Y 09 :00—16:00 i fE] B, BEHLIL
PRI DASE B AR BR B RS D) AR/ 7E — s
BT R ASAER T 22 RARZAMR, Wi 9 (¢) iR,
KM, 7E-20~90 C W FEIR XA M T T, RS
HIYEHG L AT Ik 35%, SEI R rfid & B, A i
JEE AR BEHAGRE R R RGP I R A IR
SR LB Z 0800, AT D ARk R g T T R
RBRSh IR TR B, 2 5 et — P R T Y o6
R,
3.3 IR

& 10 i AFENLAEAN R 00N PERE R4 cop
Ak, HHIE 10 ATAT, B 0 2 B B AR I AR ]
DS IR 5 Ui X0 FAGe I . Ve TR B T A -20~ 10 C
PEHGRE AT IR 40 ~90 C, TEMIER T, MR Ak
IRFEETE 30~20 CASALAT, —20 °C Hil¥& COP 4 0. 30 ~
0.43,7 CHI¥ COP 5 0.70~0. 78 ; ZEALFEL X T, Y
R BETE - 15~20 CAZ{LHET, 45 C it CcoP Ky
1.40~1.90,80 CHtH COP Jy 1.35~1.56, 45,
BERT AT RGBS X5 70 °C, B8 H 58 A KR
EPERE

SEBR b FEHLREAS SR 2 PRI O i 7
T o 38 T B B B VR A R ], ST RS
PEFRUC BE I R R 4 . AR L BE | e 7 VR s i
SR BEHL AT LS 30% ~ 60% F e J3E 8 45
XTREPE 7 AT LR B EE ARSI T RGAEA A T T
) e AL BE DT

4 ZFTHE RS

M v BAHe It 22 48 ] S B A5 K BHBE 229
JRBESE AT FHEREUR I R IR LSS O REIR IS A
R HIZ A H AN J5 2O i P — RE RO XA T ff 22 5l
0 S B AE TR RS E SR 5 i HL , AT A BRIV A A A
WAREARPLALE AT A 9 R 2 FFIE, T
et A BB RO X, 75 2 22— R AR URE 4
B EAT e U T B U 3 R AT 2 R A
WiV o A FFEE B AR R G AT,



a0 A1

JBE T, 4 ZBEE AN eI T T S T DX A R et

Vol. 46, No. 1

202542 H February, 2025
0. 0.8r .
35 e 0.7} . A
30l RRIE . .
= 55 cRAERINR . 0.67 .
'g F | |
ol O 05+ a B E
¥ 20 ot . L - O ST
sl ;,“p*.. : 04f « ©20°C
£ 3 PO . 4 = 25°C
00 4 ) 0.3+ . 30°C
5P - 0.2 : : : : : ;
0 20 -15 -10 -5 0 5 10
13:00 16:00 19:00 22:00 01:00 04:00 07:00 10:00 13:00 YRR C
i %1 CAHER T
(2)-20 CHES T, (a) —20~10 CHEA THL
40 . HREE
NSvES 2.00¢ o .
35t Al s+ -15°C 7°C
30 ﬁxgng : : s 7C  +15C
, 3 BRI 1.80 N .
525_;“ i RAERINHE . * . .oC .« 20C
¥ 00 b - . 160F . ., " .
-B\ ](5) - ‘ F- 8 . R . ° >
# ‘.“*-.\,—-; L : \ “1 40k . A ‘
107, - R v .t : ' ‘
51 R , 120
O I I X n " )
15:30 21:30 03:30 09:30 15:30 21:30 03:30 09:30 15:30 lop——
B %1 45 50 55 60 65 70 75 80 85 90
(b) 7 CHEA T fHEHGE E/C
oy (b) 40~90 ‘CHEF T I
35¢ B 10 REIR T COP I

2 ;(5) wmw@mm REXCNENOCS 50> OUOCO:
520 W o
st N

® ol mamx ’

¥ LES

O n L I L n L L 1
17:30 20:30 23:30 02:30 05:30 08:30 11:30 14:30 17:30

B %1
(c) 50 CHEH T
40
35 'Y
Yy
30 \ j
% 25 [t ta § e,
20 ) N
Bis S
®lol mnzE v A
5 o %ﬁmﬁ © emmmsmnes
g RAERINR :
17:00 20:00 23:00 02:00 05:00 08:00 11:00 14:00 17:00
i %1
(d) 80 CHEF T

9 AE TR TREZITH L
Fig.9 Variations of constant operating under different

working conditions

PSR G R SRE HE  + 0 25 IR X E AT X L 43
Mro FERFSR LR HUAC 25 H R[] 2 12 h, 2
H UL B E] 2 8 hy RARSMNAHE N 2.5 50/Nm’, AN
}0.578/(kW+h),

B, IR ) R G AR BRI B I LT &

Fig.10 Variations of COP under different working

conditions

Ve, B RS TC A BHAE RN A W RS A | 2 TS0 545
R, s B AR LA A RE 1 S 2 T,
B 11 s, IR AR RGEAE A LR R 2
BEA A R AR STHFERC N 448, 4393 R 993.7 Nm® Fil
977.3 Nm’ (RS2 435 2 483. 8 JUAN 2 443.3 I,
MRS RAFBATIR IR 4 927.1 7C,

2 400 R 15400
2000 -~ RSB 4500
Z 1600 3600 2
g‘@ 1200 2700 iﬂ;
{g 800 1800 &
400 1900

0 0
1112123 45678910
Aoy

11 &SR TR THRASEERER

Fig.11 Natural gas consumption and cost of full gas driven

FERXTIE, 08T T R R ACRE R+ 2 A A
GIL A BAFBITATERE, E 1 Fis, h& 1]
AR AR S8 20 A Z LI ) 3 2 (I8 158 17 9%
FHAR 514 4 296. 6 JGHIT 1 260. 8 T, 4EB 1T 3%
115 557.4 56, PG, SR AR SCHE R A I e =08 ol
HERGE TR H RS B 7E 2R <9k 5



Tk F1H
2025 4F2 A

Vol. 46,No. 1
February, 2025

il v 2 4

RO, 2 P G4 ST B e s SEhR e+
2 TR SRR 1. 39% o L IR A A T % B0, 0 %
GEAE A AR L 10 5 % (v 32 47 T ) 1 7
Tz,

xR 1 MREEP+BETHLEEBTEFERE

Tab.1 Annual economic performance of the gas wall-hung

furnace & electric air conditioning

e Kiv s R, B R
Ay d kW kW #£/Nm’ Jt
11 16 8.5 10. 00 181.9 454.7
12 31 11.5 13.53 476.8  1192.0
1 31 12.0 14.12 497.5  1243.8
2 28 11.0 12.94 411.9  1029.8
3 15 7.5 8.82 150.5 376.2
Bt 4296. 6
e Ky it H#vEs BRRIH BAY
A d kW kW #&/Nm® JG
5 17 4.8 1. 60 217.6 108. 8
6 30 8.4 2.80 672.0 336.0
7 31 9.6 3.20 793.6 396. 8
8 31 8.4 2.80 694. 4 347.2
9 15 3.6 1.20 144.0 72.0
it 2521.6 1260.8
AT 5557.4

B 12 s g i iR #afe it R gt i 242 0%
PERE AT AR BEVR & He AR, o T AR BRI He
SCR] AR RE TR (K PHEE AR R RE S ) SR F AR
YR R G S INGERI LU, T LAL R, B R R
A REVE ELAOEE T, 2R SR 38 17 B F 2 W R ; R mT
FRAERBIR 5 HoA 0( RSN ) i, BT R SRR
BERED I A& Z I RE T 3K 42. 2%, BTN
L PPERE R RE I TR S R b + L 25 IR A% 52 7 28
7 24 ] PR AR R G LA F 48. 4% DL B, RGEE R
FAWIETT R R TR a0, 24RE 173G
T2 542. 4 o0, MBS TAL 507 LBEAK 54. 3% V) 1, B
F AR 2 B T RE

e 43T T RGERITIRHENEBE , B L RIR IR
BRI RT3 3114 0. 592 kg (€O, )/ (kW -h) Fl 1. 998
kg(CO,)/Nm®, %%t Ak H X AL {2 {34 4
ARG AR RRHEOS LN 13 fis . B &S
IKh (TG A) BIEBLT B R G AR TR
REHEA+ o 23 I8 9 % 42 0 X I BBcHE RIS 209 5 177 24

FEIEETT B AR RE TR 5 LA B 50% I, SR T R AR
B P A AEHEA PR HERE T 3 000 kg, Bk sHERES f AT

ik 449% .,
— AR R LR
— T RE SR
6000  —RSBEEE R ESE
5000 F- W e 3R A PR B 2H
R 4000t - AR
B o BER
253000 T B
:LLZ_J 2000f e
1000 F

0 10 20 30 40 50 60 70 80
A A RN G /%
B 12 AT B A REIR & L Xt RS M REHI R2NT
Fig.12 Influence of the renewable energy ratio on

the proposed system

6 000
5000
ﬂ% 4000
5 3000
ﬁ 2 000
% 1000

#4577 FRRGE FRRS
(&EHBR) (R=0.5)

B 13 REIAE B P F RHE X L
Fig.13 Comparison of average annual carbon emissions of

a single household by different methods

5 &g

ARSCHR T — BB T I s I A v B e it R
ge, MG A AR AR RS SRR A 2 PG
AR AR, SEF-20~90 °C TR iR X A AL &
AT &0 3 Tolk fl 550 A XX 3k, A Aspen
Plus #AF 2 T Wl X8 e fit R G A, Wil 1
30 kW HEHT 10 kW il ¥ 19 22 A8 1AM Y =08 #
BERGEFIREHL, AR M AT T IR BRI, A5 2] n
TEE.

1) 7E-20~90 C [ FEi X HER T O T, 44
A RDEI & LT IR 35%

2) MY HIK I ALE 30 ~ 20 °C A2 4L I}, 20 °C il
% COP 4 0.30~0. 43,7 CHil¥® COP 24 0.70~0. 78,
MR RIREAE-15~20 CARfLIT, 45 Cfik#k coP Ky
1.40~1.90,80 CHL# COP Jy 1.35~1.56, Z5H 3%



Tk F1H
2025 4F2 A

BE T, 4 : ZRE LAY WU T S0 X AR it R GE T 5

Vol. 46, No. 1
February, 2025

B a5 1 A K PHRE PR ) A2 SR I, i R Ge ]
AR EUR L BT 50% , S8/ 35 R s HEVE 7
3) SRV Bt v HE o B 45 SR 2R B . RV A 4R
IR LT BT RG2S 1T B AT R R
PRI 25 PR DAL G2 7 A BRAIR 11, 3% 5 X5 7] T4 g
U5 ik B 48. 4% DL BB, R AF B 1T 9 AT
2 542. 4 70, MR FAL 507 S EAR 54.3% V) L5 42 4%
B BERHERE T 3 000 kg, BRUSHERS 1] ik 44%

S 30k

[1] KINGMA B, VAN MARKEN LICHTENBELT W. Energy
consumption in buildings and female thermal demand[]].
Nature Climate Change, 2015, 5. 1054-1056.

[2] LI Xinyi, YAO Runming. A machine-learning-based
approach to predict residential annual space heating and
cooling loads considering occupant behaviour[ J]. Energy,
2020, 212. 118676.

[3] ZHENG Xinye, WEI Chu, QIN Ping, et al. Characteris-
tics of residential energy consumption in China: findings
from a household survey [ J]. Energy Policy, 2014, 75
126-135.

(4] TERRFEFTRENI T O, T AT REAF B K R
gt (M. dEst. i E S Tl e, 2020,
Tsinghua University Building Energy Conservation Research
Center. Annual report on China building energy efficiency
[M]. Beijing; China Architecture and Building Press,
2020.

[5] BUFFA S, COZZINI M, D'ANTONI M, et al. 5th
generation district heating and cooling systems: a review of
existing cases in Europe[ J]. Renewable and Sustainable
Energy Reviews, 2019, 104. 504-522.

[6] LAKE A, REZAIE B, BEYERLEIN S. Review of district
heating and cooling systems for a sustainable future[J].
Renewable and Sustainable Energy Reviews, 2017, 67.
417-425.

[7] SATAPATHY P K, GOPAL M R, ARORA R C. Studies
on a compression-absorption heat pump for simultaneous
cooling and heating [ J ]. International Journal of Energy
Research, 2004, 28(7) . 567-580.

[8] LABUSJ, MARIMON M A, CORONAS A. Experimental

evaluation of a small capacity H,O-LiBr absorption heat
pump in cooling and heating modes [ J |. International

Journal of Air-Conditioning and Refrigeration, 2010, 18

(4):317-325.
[9] RAMESH R, MURUGESAN S N, NARENDRAN C, et al.
Cascaded energy plant using ammonia absorption

refrigeration system for combined cooling and heating
applications [ J ]. Science and Technology for the Built
Environment, 2015, 21(3): 290-299.

[10] LU Zisheng.

experimental  and

Technical engineering design, thermal

economic  simulation analysis of
absorption cooling/heating systems in China [ J ].
Conversion and Management, 2018, 172, 155-163.

[11] JAYASEKARA S, HALGAMUGE S K. A combined effect

absorption chiller for enhanced performance of combined

Energy

cooling heating and power systems [ J]. Applied Energy,
2014, 127, 239-248.

[12] WU Wei, YOU Tian, WANG Baolong, et al. Simulation of
a combined heating, cooling and domestic hot water system
based on ground source absorption heat pump[ J]. Applied
Energy, 2014, 126, 113-122.

[13] LU Ding, CHEN Gaofei, GONG Maogiong, et al.
Thermodynamic and economic analysis of a gas-fired
absorption heat pump for district heating with cascade
recovery of flue gas waste heat[ J]. Energy Conversion and
Management, 2019, 185. 87-100.

[14] LU Ding, BAI Yin, DONG Xueqiang, et al. Gas-fired
absorption heat pump applied for high-temperature water
heating: parametric study and economic analysis [ J].
International Journal of Refrigeration, 2020, 119. 152 -
164.

BIEEEEN

BT, B, B BE ST B, b R A B AR BOR BIF Y BT,
18810988096, E-mail : luding@ mail. ipc. ac. cn, WE5E J7 1] . W
WA v 5 PRI AR (o AR i ORI

About the corresponding author

Lu Ding, male, associate professor, Technical Institute of Physics
and Chemistry, Chinese Academy of Sciences, 86—18810988096,
E-mail; luding@ mail. ipc. ac. cn. Research fields: absorption re-

frigeration and heat pump, efficient utilization of low-grade heat.





