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Fig.1 Schematic diagram of a distributed energy system
with multi-energy thermal complementarity

T RERARMESCHR[ 14 B LT BERNT .
E;‘“l%fi><1oo% (D
K Econr M A R VL BE VR R 48 (LR T FR &
GOMTHER:F, NRAFERIREWRERE;F., VRS
Y ME g

F, #0158

F.=Pe,,+Ces.. +He (2)

K. P.C,H il h RG4S Wikl & | Sk
HERVEIR I e s e ene s € 30N AR FE IRV L fIE
HEEFES HRMHE .

SCHRL14 145 TREAES IE M UE L . bR i
GEFATARIRIRIN AL . HETRENE X

152

Ecenr =

c ZREMNERMUERRGERERA -

JETT R B 5 45 A oK BE R AR G0 A TR PR A S
LWRAZBRES RA LR EZL LS ILRF LR
Fe. X FZReIE B AW A X BEIR R G, 2 A R S
Jo B 22 Fh RE VR i A\ L 5% R O XA S AT o
F AR IR A SR B OCHE R T, Sy 7 5 R R
FREXT 2, AR 22 B8 R B AR 2R 40 10 B A BB TR 4 — 1)
BRBHIT & 8 Sk AT & B, i SO B i) T AR A
3 ) B N 2 e R E AR AR VR A A Bl R T S
BRI S B k=0 M k=1, 2Mk=0m,\ K0T
TRAERRR R A5 7 /Y, R 48 115 A8 2% Bl v] 15 2E g R
(3TN — & 38, e A 7 IR AGE T B 5 R G AR
RL T T T 2915 B0 TS BB S B 22 BE R B AN R S A
PR BT REE B0 . HLJC ¥ B e Rl T A RE R AR L B
b R HB AR R ReER ., 2 r=1 .\
k] A BRI R R R 5 42 A TR L Z 0L T AT AR R R
H T R i 2 K N R A R R O i e b
BORAR K G P A ] AR REVRIE RGP o Bk
FE 5K A 175 150 o N A L S R e AT A B IR B R
XF 15 BE U HE F AR H

TEZRE IR AN R G0, AT F A BE IR 4n K BH 76
Hb A BB TR P AF A AR AL O 1 BB TE i A R
S, PRI [ fE 2 Ak o0 A 7 38R An AT 1) A RHIT A
AR SCHRE HE R ARG A A TR Ak RE TR i B BE 7 T SRR BT
AR B BRSO X BT AR B R ]
S 422 WSO B i 22 A1 R R 4 AT B e 2
Fo,E X,

dE
dH

KHF A RBER S AL dE R foe i R 422 W s RS I Y
W dH A T 72 422 0 sk R T 1) e o

M5 T 0 2 o 1. TRLE, SRRk 2 BE Y
s o7 308 B UL AR R L A0 R FRRMRE R AR B LA K
AR ORI e B Y A — R AE 0.9 ~ 1 3
PR Sk O (R AR SO R R 2R RE 1 A
PEALA R 1. P FRRE RO 1 & A B Ik J2 B il Bk
P U A 1 AU R B T 6 IOE ) R I SR R A
WA AR SO 6 A A R G ARBE T A &
Bk R ARBER RIBETEIRROCR,. RIgETEA R
(52 LN

A=

(3

VCZI*T 4)

Loy, ARETERYOR: T WABEWE: T KL

PTE o A FR G009 I A7 JE A A BE R A IR
HE 48 HBE i A7 19 3 X, a0 500 C BB 9. K

0.61,80 CHAREM n, o~ 0.16, 5B T K& A7 #ABE 7]



BRREBI T J7 -5 10 A1 RE IR R S8 1Y 1Y B8 A bR ME X
Fe M SLBR I

AR SCEE X 22 e IR AN A KRB IR AR G L 4R
K Z G5 A AR A 7 A £ BE TR, A AT 1A BRI L PR
IARE AT AR it 37 7% 505 RE 0 I B MR B T vk
T IS ARG A BCRAR I, 1 RS B REFE
HE— 20, A i BB A A BE IR 5K 30 B9 23 A X RE TR &R

G RERARME T AT B 5 BA 43 7 R R A
AER, AR R .
Emcenp :% X100 % (5)

U < Evcenn AR SCHR Y 22 8 I AR B D 23 A1 S g

ARG TTRER Q. 2 BRI P H A Ay sURE I &

GHIREFE. Q. NS L RGREAE, AL K],
AGHREFE Q. A :

Q. =2.Qu + 2 Quiur, (6)
:]7‘ T,
Nent.j T,
A Qu R HE PP B AL 1 B R L B kT Qe
S LA T 2 A 2R 50 0 S A 5 13 I AL 1R
gt S K T, 0 BEA AR S0 Koy,
%I R R R R OR
BILRGRAE Q. N
P C H

Q=+ +
Ue-ref nre.refne.ref 771,.ref

g o or s Do A 2 L 2R G0 B H RGO
il Ve ZR A AR,

P,C . H LhSE o s s o 18 o a0 %54 st
Z LA LA LU 5 vk

D)

(8

P =2 Qu + 20Qus f i, (9
C=>.Qu7., (10)

k
H=>,Q.7,, (1D

g o RN E RLERRL K Bl 1 Bl ) LA & H AR
By f AR AR AL A R IR Y B A R O s
Ry LG AL LR R 3 1 2 3 HLA B K R Qe
hy B i AT VA BT ) IR B L B R kD g R
O 7 B ) 2 2R B85 Qo ol B i A T BB T 1Y K
B AL KTy, S HOR I Y AR
KO RELADRARX G BB ZRRERE
o RERE N T RERIFRE AKX WA (12 fF
e DMERFFE TR B PR BB R TN Y
FHE RN LL Enccnme (B = 1) F Enccnps (b =0) F271 »

B ZREUHRE RN A AR I AR R RE RPN U ik

HE A4 HI L (13) F= (1) FrR .,
2Qu +

Evcenm =1 — g
EQ{"YI&.I _'_ EQ“f~jfj7]Cnf~j
’ J +
7]c-,rcf
T,
ZQC’kvre.k ZQI"["?I).[
k !
+
7]n‘. rel 7]0,n'f 77b. ref
2.Qu +
Envcenpr =1 — i g
20Qu + 20Quif
i j +
ylc-,rcf
2.Qu.
- ’ (13)
EQC'kY]rc.k EQh’[Yib.L
k l
+
Y]rmr(‘fy]c.rcf 7]b.rcf
EQM ¢
Envcenps =1 — I -
ZQ['{UC{M + ZanAjfjvcnf'j
i j +
ylc-,rcl'
1
- 14)
EQC'A’Y]K‘.& ZQh'lvl).l
k l
+
Vre.ref‘r]e.re[ 77b.ref
2 THRENEFEUERREMEAZRSH

H LR AT T RE AR AR A B AR
A RE W A i R HG A A 2R G PN TR R A e AR R
07 AR AL e & i L] 2 R Gk fE
AR, BT XA BE TR UK B AR 5T YT RE R R A
RO EAMRE AR Z R AN R G R RE AL L
BA T RER IS 7 L0 T 2 RE IR H AN RS 1Y
T AR SCE R G AT P AR RE TR A AR b 2 R
A REIRAE 3 R 53 05 12 T 0 1 BE SR A0 R W ALARE

DA 7R R H A AR A/ Bk 2 A A A
ARG RO A T7 o B E LUV T IILAZHGR A
K B AE BT 3 RO g B9 SRE &L & JE SRR
SR Z Y L CLAR AR R BHBE A7 L) 52 R
FRAE B A T Pl o BNy 0, I 1 — & S T 4R
HAMOY B T, A F B AMERIREE ;s T, A
HMEPGIRE s £ K BHBE P AL 2 B R 5 F
o8 R Gu v B AL L . R SR A
Sl JI L A H R B  HILE K E R A R 2

http://www.aeps-info.com 153



2018, 42(4)

No PAKSE K LS RE T F P e A7 A s R R
AR I HLAL L R 58N BE T L ¥ B s i A B for
84 0 LR R b B R AN FE AR K L B SR
R EX A, a5 3 Fhit By i3y fER it
BAXWT .

Emeenm =1 —

R T, R - 7&
1+1_RI(]TIJ+1_R(1 x)(] sz

1 . h ) ( R j
ot R,
(‘qevfef Vre.re[ 77b.ref 77 ! 1_R 7] f

(15)
R
N iR
MCCHP2 — 17
1 e n R
+ + ][ T zfi )
(Ue-ref 7]re.ref ‘rlh-,ref 17 ! 1_R 77 f
(16)
£ =1 1
MCCHP3 — 17
1 e Y j[ R )
+ =+ 4t xfn,
(Ve,ref Nieoret Whorel Tt 1—R et
17

2t F G0 Pk REAR A Ak A AE R 5K 30 R 48 10T BE R
b fE B S BCE g K 38Y s e N Ay N
83.4% . NH AT R FHAER 5] AXT R G REFR M
SR E R G A S BN % A R AL FiR.
2.1 KPFHEESLE

R G0 A TT R A BE VR (B BE R 1Y 5 i (B A
5T R G0 H R v FAY L9 X YT RE SR B A B
re=l.r,=1H1r.=0.,r,=2 WG T, 6ERRE
KIERE S e R MAEfban &l 2 fos

0.6

0.5 A by B
04 ca i AT = Queenpi(FE =)
g W —o—Svccup2(re=Lr=1)
03 ——cmeenps(re=Lm=1)
Z 00 - = -Smccnp1 (re=0.4=2)
: - o -Succnpa(re=0.4=2)
0.1 -4 -Succnps(re=0,4=2)

0 1 1 1 1 1 1 J
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
R

B2 XPEsEGHEXTEEEMZM
Fig.2 Influence of solar proportion on energy
saving ratio
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Fig.3 Influence of heat collecting temperature
on heat collecting efficiency
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collecting temperature on energy saving ratio
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Fig.6 Influence of thermochemical complementary
heat collecting temperature on energy saving ratio
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Evaluation Method for Energy Saving Ratio of Distributed Energy System with
Multi-energy Thermal Complementarity

XU Cong'?, LIU Taixiu"*, SUI Jun'*, LIU Qibin"*
(1. Institute of Engineering Thermophysics, Chinese Academy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Multi-energy complementarity is an important development direction of distributed energy system. Compared with
fossil energy driven distributed energy system, the evaluation method of energy saving characteristics is still inadequate. The
input non-fossil energy of low grade is converted into fuel according to the work ability, and the energy saving ratio is then
obtained by comparing with the conventional sub-production system which has the same products. The effect of parameters
such as the proportion of renewable energy, different energy output ratios and inputting heat temperature of thermal or
thermochemical complementarity on the energy saving characteristics of the system is analyzed through a typical solar energy
and fuel complementary distributed energy system, and a specific cogeneration case is studied to verify the applicability of the
proposed calculation method of energy saving ratio. The results show that the evaluation method of energy saving ratio
proposed can more reasonably evaluate the energy saving characteristics of multi-energy complementary system with non-fossil
energy. The energy saving ratio increases with the increase of the renewable energy proportion and decreases with the increase
of the solar collecting temperature of thermal complementarity. With the increase of the solar collecting temperature of
thermochemical complementarity, the energy saving ratio rises first and then declines. The results reflect that rational use of
non-fossil energy according to the energy grade and the performance improvement of multi-energy complementary technologies
can improve the energy saving characteristics of the system.
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