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2.1.1

Energy flow diagram of CCHP system with complementary solar-gas-storage

Fz1 EMEEREM AR E ST L&MHE
Table 1

Energy consumption and pollutant emissions during

raw material acquisition phase

\ 15 YW HERL (g/kg) RekE/
JER R
SO, €O, NO. PMy; CcO CH, (kWhikg)
iR 9.70 2000 4 15 25 53 1.70

B 205.50 25800 94.70 290 14 24 36.10
4l 17.70 1900 11.48 1.80
PVC 337 247 2.80 220 1.10 21.90
53] 1.10 13230 3.70 7 0.60

2,12 wagililis

AW B ) s R A I R A N AT
[l ARIEREHLA AT P i B A8 B2 T 75 1 A ek I
REFE. UL BERIRERESR A B FLRE 15 Yo HEROR A BRI
M) AR AR AR IR S JE A R RE I 2 TR
2.1.3 WA JRAEHS RS f

o T RRRHY 2 St 2 THFE— E W RR TR, IR kR 2
B A G A A S AP, R TR e 5 AR A is . 1%
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3 RIRF S HIHAE L RE 5 V5 Qe W HE R 2k A S8 5
LT B BOS Y B S REFELNSR 3 TR
214 REIEfT
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Table 2 Energy and raw material consumption during equipment manufacturing process

g JEAA AL (kg/kW ) HekE/
B M

ik 5 i PVC B3 (kWh/kW)

LA L 4.0816 0.0408 1.0204 2.0408 4.6531

R R 1.5000 0.0408 1.0000

P 1.9000 1.2000

SRS BEPLER 9.8182 6.3636

W= AL 18.3673 11.8980

etk 27.0000 10.5000 9.2000 80.0000 82.0000

KIHRESE IS 2.5000 1.1250 4.7250 0.8000 5.9000

2K 1.0000 1.0000
=3 EHRMBSRAYHISRES F.=F +F,+F,+F +F,=F _+F_,+F, (2)
Table 3 Pollutant emissions and energy consumption during [M, ] =[M,]+[M,])+[M,)+[M,]+[M.] (3)
transportation phase A P —— A — R BB TR THFE &, kWh; F, |

P e
i 15 RIHE g/ (1+km) ] HERE/ F, . F, . F, F,——2%a 5 BB — K ae R TH #E
. [kWh/ = . AT - e
FR 0, €O NOL PM €O GH, (g KW e e R R R s M,
M, M, M, M,——24ar 85 A5 B is 4e 9 Hi sk
2% 0.065 6.772 0.033 0.004 0.0039 0.046 0.063 -
H,g

ANBE 9421 209 3.159 0.942 8.944 0.143  0.900

T4 BEIRIHFEXT RS M HERL

Table 4  Energy consumption corresponds to pollutant emissions

g/kWh
iji S0, €O, NOy PM,s CO  CH,
I 3.14 32637 1.13  0.06 0.003
KKK 0.01 20374 020 0.015
sl 1046 23222 351 1.04  9.93  0.159
2.1.5  YylaEnik
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3.2.1 REER
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G — R BERTHFEE , kWh; F — IR RS — KRBT THFE
17, kWh,
322 HEEEbR

V5 RS 1 RS e R L BRI | SL AR
INAE RS I) R, 38 23 % NAR P R G877 A — 5 Y520 . AR 3C
T NG 2R AE B (GWP) (R (AP) X AR 5 58 3¢
Wil (REP) = VE A FREEE M bR . & FI5 Y ARt 3 Fhg
W SRR /NIER 5 R

x5 BEEFMSERZIMEF

Table 5 Influencing factor of each pollutant gas

fatrn SO, €O, NO. PM,s CO CH,
IRAR 1 3 21
i3] 1.0 0.7
MR 258 1.9 0.3 1

73 B 5 COx HERCR: 5 SO, HRicR: 5 i PM.s HE
e g Sl s S AN A AR PSR S AL
BRI, = TR

Fro, g =IC) o XIM 1., (6)
Fuy g =[] XM, (7)
Fon oo =[R1o XM, (8)
R Py Faonons ~ P gy — 20 COLHEMCIE % i

SO, HERCE 2k PMos HEUER L 5 [Glies + [Alix ~ [R] g —— %
TEY AR T, W3 5 FTR 5 (M., — 575 <
R HERCR 2.
T RESE B, [RVRE SR A A SR PPN BRBEHE A , 2
i COIHER (CO-EERR) 2 Xk CCHP RGAHXTF SP R4
B4 CORHER S SP R4 M CO. Hitm 2t
F COy-equivy” 1 €O, -equiv €7

nC()E—EERR = (9)

€O, - equiv}’

K s Mg e — 21 COMHFR; F . ——SP RGi%
PR A S 5 COL R g5, ww ——CCHP REE
LA R 2 i COLHF R, oo

b, 5350 5E Y SO IEHEA 1y, FT2 3 PMs
WHEAE 1y, AT IS5 444 AP FI REP (1520

AR & GWP, AP REP X 5 55 4 41 A A9 52 Wi, B
0 =w,=w,=1/3 , BT YEYEHER ] FR N

Mosre = @ Mo, prne T @2 Mso, v + O Mo, e (10)

s e ——CCHP RGEHYETS Y HER
33 KREEEZE

A SCHE TR BAMY R B IR R 5, 2 s L 5
X RGAE TGS 1T F 2 i Bk iiak

4 EBI5H

41 EREHE
EFEN SR E S FIERINE 6 B,
x6 BEEESHEBEERRETENETLE
Table 6 Genetic algorithm parameter setting and

decision variable search range

251 e Hifl
FRHEIR/N 20
R RIEARIEL 100
GA
A8 SRS 0.6
7 SRR 0.1
PR IRDLAS 1 IC B N,/ kW [0,800]
FOKTEAS R E VW [0,1500]
e REPLARICE N/AW [0,1000]
WA ks RACE /AW [0.2000]
PRI A BB E MKW [0,500]
PURBILE AR 7 i 2 [0,0.1]

DA ST A R WF 5 R BEAT 20 BT . I AR I
NE ARG RN E L TERAE R FY 10266 m?, 7] ]
FHEYRBHRE ET B 2000 m*s HEE T HEHE 11 3 15 H,
SSRHBIRAE3 15 Hy= G HS 6 A 1 H &5 HIH 8
J 31 Ho FH DeST 3RS HE AR 2 B V2 P07 i , AR 41 450
WA RSB A B ST AR AT i (g . RS AE R A A
BT AN 2 7 R 38 i ) R s RARRT AR , I/ A A7
i 55V ST I SRR T HL T oK, de K v8 H 87 £ 4330l
1278.67.821.34 FI 285.13 kW It 5 Hiu [X 441 7% it oK BH 6 I8
FEWE 3 iR, REBRFHASEINER T iR, £79
fARR A I T, RGN B AL TOLETT .
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Fig. 2 Hourly heating, cooling and power throughout

year of office building
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1960 2920 R %0 700 8T8 4 FR R FTL a7 AT, B3 R AT FEL; 10
FEL JHFERIN AL, RIS AT SRR K FHRE TH #6 5 FH 22
:L: 20 E;Hngx i3 PATE SIS ab s B =) N
93 AR TR AL 3 PR B0 3 T B G 0 HE BT SP>
Fig. 3 Hourly solar irradiance in Beijing throughout year FTL>FEL,CCHP R4 35 AL T SP £%8 .
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Table 7 Technical parameters of system equipment

s BARSE
Mepeu =asfs +a4f4 + tl3f3 +azf2 +a1f] + a'ofo
WAL L B, as=2.8725,a,=-9.0468,a,=11.1760

a,=-6.9889,a, =2.3782,a, = -0.000002

N neo=b3f3+bzf2+b1f]+bo
1
L - b,=8.7389,b,=-15.8250, b,=12.5080,b,=-0.3618

nac=63f3+czf2+clf+co
N 4L COP
BBl COP, ,=1.1080,c,=-2.4190, ¢, =1.6830,c,=0.4250

.. =d f+d,f*

PRI &SN
d,=-0.0237,d,=0.1681, d,=0.1078
X Vo n,=g/+g
A»{ﬂ(/:‘ WH 2L 228
BRI, 2,=0.00428,2,=0.922716
KIHREELRRCR 61.5
RIS % 80
HL I (380 % 92
FOKIE AFER/% 10
MR AR % 41
®8 GAMILER 6000  mum— N R
Table 8 GA optimization results 5000k
=
B 2R FEL  FTL  SP E 4000}
FRINIABL Nyl kW 241 177 i\j 3000
=
9 2000
K N /kW 670 965 ¢
1000
CE RN N.JkW 338 223 1280
0 N
FTL FEL SP
BLN N, /kW 1524 1204 C BN PR ASANE N  E
\ . K4 AEREURTSFE
PRI NJ/KW 141 122 825 . .
Fig4 Annual energy consumption
RRIABL AR 0.0925 0.0424 . o ) . .. i
: 3 A ILAE A S RE VRN RER LN 9 /R, K B AR S K44

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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SIERY T AR IR, 78 FTL S0 5 e 71.83%, FEL
FEWE (5 1L 96.16% . PIFPIZTT IR ME T K BH B4 T- 2R R 24
H 43.72% . HT FTL 24750 T M M i £, S 8K
s b i 1 FEL, A A A b S RE i e

K9 3T RGRERE A

Table 9  Three energy supply system energy consumption

composition
%
(LTS FTL FEL SP
K FHAE 42.135 44.700
KRR 29.697 51.463 3.600
ZEh 0.082 0.019 0.250
¢ 28.086 3.818 96.150

FEL A EIA S AR B, i & CCHP REGEE 4 SP
RO, i T Be A i s SP RALEBTHY BERERE Wi & T
CCHP 2%, BERGIEITH B, KA 4 AW B agiE &l 5
Ji7s o AR RGEPIFT IS TTIRIE T, JE AR R IO B g AE e
1o B DR AERL SRR B BOR 2 T A 1 3 1o P B FE
B I W5 BB BERERE 5 4 B B REFERY 13.3%, ILBYBE
AT 220 . SP ARG A A R S T A AR RS 1
s B FE IR 2, W I IS B B b

80

of I

FTL FEL SP
ml m2 3 ms

K5 AdnfEIA B BeRE

Fig.5 Energy consumption at each stage of life cycle
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AT A BERHE i T 2 RIS R R 5 AR M R g
PR, sEI B 3 AN FERERE AN 6 BTk . FTL Bkl fi il fg
¥t T FEL,FTL 5 FEL BRRHZ 5 BEFE 4 51 128 5 B B
SHEFENY 36.4%F1 18% ;SP G AE KRS i 9 BE 4 1B H I Be
ABEFEM) 97%.

422 REESZNASrHT

CCHP RATE FEL SR T 75 Ye Mgl fEH N 75% , FTL
FEBE N 52% . 3 P L REAL T Az S AR S i 3. 10 BT
No HIT CCHP RGBT B2 55 2%, il 4 P i #E )

CIK

J
J

IS

C!

15

12

RETEIYFE/MWh

FTL FEL SP
PR g rian . s
Ko izfkBe3 Mt FEfere
Fig. 6 Energy consumption in three processes during

transportation phase
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TR B, SP RSG5 YW HEc L = T CCHP R4t

1EAE A IS, CCHP RGEREIR 5 BRI 80GE 9 T
SP & 45, R FEL WGz T, 248 CO, iR 5 44 S0,
WHE 4 5k 51.7% K 87.4% , AR T+ FTL 5 W% (1 39% Al
59%. TEA=Am I 5 AR Berh, RS AT W Bl Y HE L
7 R, COL HEBCR: B T oAb 5 Y4 (4 HE S L CHL HEC
ik,

3 Pt A AR 207 4 A A R R [ B B 119 24 1 O, HE ik
Y SO, HEcR: Y PMLHERCE AN 7 s . 3 FRILAE
R G075 Y HE RO S AR L, o B HE R R L SP AR S B HE
T CCHP R4, SR B FEL 12 47 5 W B HE i e I
CCHP RETE R GIE 1T 5 A R AR BB B 15 Y 4 HE i
1o LA il 3 B B HE it Je 1K 5 SP R GEAE RGBT 5k by
BrHFCE fe s o CCHP RGEAEIBAT B B it CO, HE R
CO, BHEHY 71% ,SP RGBT BL Y 95%

SP R GEAE S A RL AR I 15 il 420 5 TR o B3 X B 5
4 5% Wi BT FL A CCHP 2R GEAE 90 I (R B Bt Xt R 858 —
RO, R BN T 20, FEAE A AR 5 AR B, RGiiE
B BEVS Y HE R 5 = S0, COL M 25 R HER R = T
SO, 5 PM.s B 24 R HEHCR: , GWP S5 M IR A0 e KR 2, AP
5 REP X IREE IS AR 22 AR K. 3 FhbREASE 20 IR BE 2 46
HEF M FEL>FTL>SP,,

3 oA f A X R 5 1 1) ¥ Y ) HE 2 A G &) 8 BT
/Ko SP RGN MBI K, FTL ¥R 2 5 CO, HERL 0 4Bk A8

LMK, CO 5 CHAR/NYFZm ; B A8 CO 5 CH. B
HECE X GWP BY5E 0 L CO, B HE i 5% ) T K, {H X
T Y SARHER RS A0, BT LB /N, SO, %) AP
TR A, NOx X AP A —E 52, SO, % REP 52 K,
Sy FHE LT, 52 0m PR T NOy Al PM. s HE i %
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Table 10  Life cycle data statistics
1S9 TR A RESRIR WA il Bk B RGBT Py ImT e A i A
FTL 5.11x10* 1.90x10* 6.06x10* 2.62x10° 2.92x10* 3.97x10°
SO./g FEL 4.97x10* 1.86x10* 2.47x10* 6.34x10° 2.87x10* 1.04x10°
Sp 1.59x10° 9.11x10° 1.47x10° 8.53x10° 1.41x10° 1.00x10°
FTL 7.44x10° 1.98x10° 2.15x10° 4.58x10’ 3.04x10° 5.68x10’
CO./g FEL 7.31x10° 1.94x10° 2.00x10° 3.42x10’ 2.98x10° 4.49x10’
Sp 2.79x10° 9.47x10* 3.36x10° 9.08x107 1.47x10° 9.45x10’
FTL 2.71x10* 6.88x10° 2.06x10* 1.13x10° 1.06x10* 1.67x10°
NOx/g FEL 2.60x10* 6.73x10° 8.75x10° 3.51x10* 1.03x10* 7.62x10*
Sp 7.47x10° 3.29x10° 4.95x10* 3.10x10° 5.11x10° 3.61x10°
FTL 7.97x10* 3.70x10? 5.27x10° 5.06x10° 5.68x10° 5.56x10*
PM.s/g FEL 7.70x10* 3.62x10° 1.04x10° 87.9 5.57x10° 4.46x10*
Sp 2.06x10° 17.7 1.47x10* 1.66x10* 27.5 3.23x10*
FTL 3.72x10* 4.82x10* 6.69x10*
CO/g FEL 3.86x10* 6.59x10° 2.60x10*
SP 2.81x10° 1.39x10° 1.40x10°
FTL 7.74x10* 18.2 7.81x10? 1.62x10° 27.9 4.12x10*
CH./g FEL 8.03x10* 17.8 1.22x10° 2.49x10° 27.4 4.28x10*
Sp 5.89x10° 87.0 2.22x10° 9.68x10? 1.35 6.14x10°
[ ] iz =
| = iz
colmm B u 800 3 80k 1040 &
= 0 = =
18 - s 18 z
E 1600 & E 6ot 780 2
=, 40 | = i %= &
s - el o i
S 1400 O 40t 520 -
i) - e it
20t = el =
1200 ? 20F 260 I,
Z S
u ]
O"FTL FEL SP FTL FELSP  FTL FEL SP 0 am OFTL FELSP  FTL FELSP  FTL FELSP _ T
R RRAR i) PAPN NI RN APRAR I BRTN PAPNENELERS

e w2 3 w4 s
K7 3R BEREREA PR M Y A i A B 2 A 4]

Fig. 7  Life cycle structure diagram of environmental

impact of three energy supply modes

mmCH, =uCO muPM,, =mNO, mmCO, muSO,
K8 3AILRER O PR R M ) 15 e 4 Ha P

Fig. 8 Pollutant emission structure diagram of environmental

impact of three energy supply modes
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b DX RN R SRy G B, Al AR A A R e IR B AT R A T
ST AR DL R S5 S

DA A BRI AR B RE T, vl A S TR
AR THIEAT T R A .

2) X INABEHEAT 3BT , ZARAL T, FTL SEm% T~ — UK g
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RESEARCH ON OPTIMIZATION OF COMBINED COOLING,
HEATING AND POWER SYSTEM BASED ON
FULL LIFE CYCLE EVALUATION

Xu Xiaogang'?, Ji Xiaopeng'?, Wang Huijie'
(1. Department of Power Engineering , North China Electric Power University , Baoding 071003, China;
2. Hebei Key Laboratory of Low Carbon and High Efficiency Power Generation Technology , Baoding 071003, China)

Abstract: The complementarity between natural gas and solar energy is an effective way to improve energy efficiency and achieve
energy conservation and emission reduction. This article constructs a light- gas-storage complementary combined cooling, heating and
power (CCHP) system with complementary Based on the whole life cycle theory, taking the primary energy saving rate and total
pollutant emission reduction rate as the objective functions, the optimization model of the combined cold, heating and power system is
established, and the genetic algorithm is applied to optimize the capacity configuration under variable working conditions of the system.
Incorporate the material recovery phase into the life cycle assessment and consider fuel transportation during the transportation phase.
The results show that after optimization, the electric following (FEL) strategy of CCHP system can achieve better energy saving and
emission reduction benefits. The separated production (SP) system has little environmental impact during the material recovery stage,
and the CCHP system consumes much less fuel transportation than the SP system.
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