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Effect of the Loading Resistance of Thermoelectric Generator on

Photovoltaic-Thermoelectric Coupling System
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Abstract: An electrical test system including thermostatic cooling system is built to measure the output power of photovoltaic cell (PV)

and thermoelectric generator (TEG) in the coupling system when connecting different loading resistance on (TEG), so as to explore the

effect of loading resistance on the photovoltaic thermoelectric coupling system. Results show that not only the output power of TEG is

affected, but also the PV and coupling system are changed when TEG loads with different resistance. However, the effect will gradually

decrease with the increase of radiation.
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Tab. 1 Parameters of PV and TEG

A ZH Hife

PV (hrHEIRZAF 25 °C, 1 kW/m?) JUF/(mm x mm) 37.5 x 37.5
)% /mm 0.3
JC AR (npv)/ % 20
FELE Uoc)V 0.645
s IR (Iso)/A 9.446
HWARRH T (FF)/% 80.36

TEG (bR 41T 25 C, 1 kW/m?) FHRRA R BiyTes
g R/ (mm < mm) 40 % 40
70 RSF/(mm X mm) 40 x 40
1 8 /mm 3.8
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Fig. 1 Schematic diagram of PV-TE system and test system
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Fig. 2 (a) G1 (b) G2 I-V curve of PV in PV-TE system varies with load resistance of TEG

22 PV P,.x % FF Bf TEG $1# B RET L

Kl 3 Lk TIEANFIE3: N PV-TE 1 PV 1] Pax
M FF bifi TEG 8 FHAE 4810, TEG A A H
BHAB IS, PV I Poax A1 FF JEAKIA, LR 45
Wi, #l4n Gy F, MLt R HBL 113 Ry, BHAE AL 1S
PV 1] FF AU$2F 0.48%.

2401 0.69
@ (b)
> 210 0.66 G
g @, +G2
3 Y
e -G
< 190 .G, 0O
150||r—/"\.
L 1 060 L ]
Ry, Rp» Ry3 Ry, R Ri;3
TEG fzk i fH/Q TEG 12 fH/Q

3 PV-TE "' PV [ (a) Prax~ (b) FF' |ifi TEG S 2% {E 421
Fig. 3 (@) Pmax (b) F'F of PV in PV-TE system varies with load
resistance of TEG

23 ARABEBERSZ D n B TEG L B MHE

BT

Kl 4 L TAEAEDESE T PV-TE H npyvs nri
A npy.re Bl TEG FURMEA L. 5 PV ) Ppay M
FF W3R, G F TEG 14 Ria, PV
i, N 5.45%; M3 Rys #2717 5.46%. Go
N TEG A BN PV LB Wi, i
4(b) Fror, 4k S N BRAHAE N (Rea), nre
He Gy N, e M 0.27%. YesiI KIS, noe BE7E
BHAE ) BRI 2 15, 5 Li 25 (0] BEqulF o &5 50— 5
Wik 4(c) Fror, mevre 1E TEG 718K Ry, M Eeimie Ga
R, WG AR npvre N 5.74%. HLAR PV 7E TEG 1
W, Ry, W B, (H 5138 Ry, W TEG %5 = #O Hr H
JE CATREM/ N ZE B

PV fith RS2 TEG $i gk FaBHSE i T e & H T
PV-TE LAEiE#8 b, PV #1 TEG 2 [a) i) A% 8 7
A M B0, TEG g AN 7] HL B %2 T TEG
RN S A o e b £ o O L b D -4 )

561 0.24 . 5.6\
S
NI w 0.18 =
S saf % 2540
& <0.12 =
32 .-G 0.06 | =G, 2 -G,
+G2 +G2 +G2
50 1 ] O Il I 50 1 ]
Ry Rp, Ry3 Ry, R Ri3 Ry, Ry Ri3
TEG i # L fH/Q TEG 2 fH/Q TEG f#kHH/Q

4 PV-TE "' (a) npv~ (b) nrE- (¢) npvre Bl TEG 8 BEAEAE 1L
Fig. 4 Inthe PV-TE (a) npv (b) nTE (¢) nev-te varies with the loading resistance of TEG



4

SR, R, W, A IR RRR S @ P A BB A1 ORI R RE AR 2 283

AR R HeA T4 = TEG favth, (HX) PV PERE ™ 220
P, DR Lt B 5 52 R PV R RE ) T2 A
o Pofveim PR EFIEE IR LI, PV PR R 2
51 TEG v FA P it 22 1) 224K . TEG MO 22 &
HL, B 1T 5 0 R £ 4 1 A HLL RE AT FABE (1 el ) oy
bt SR, IXPANEL M i+ AT BR AN o BB G )
S5, TEG SN ] Fit BELAE A 52 i 1 75 45 A B A
fEo AN b, ASGomAIE R PV fan ke 1
RN ZR, R A I R A L PR S B S

3 & i

AHIEFEHE A T B P U v A 2 R 1 v A
R, WE T AFEDGCH T TEG 58N R H FELAE
PV. TEG MR &5 &3 1 AR IR B 2 . 45 SRR W,
TEG AR LA PV BORE & S 38 A4 A
FEBARIE 58 B AT € B, A3 AT R AHxT 3,
VN i B i ol AR T AT UPSETE R i e
HURS & R LA AL BETF, 70280 0 BH NG 45 1)
S AR VGG R BELAEL BASRAS A e 1) Bt Bh oo ARSI A
A PV-TE HJA AL ALAL BT 54T T 2R &

SE M :

[1] SHARMA V K, COLANGELO A, SPAGNA G. Photo-
voltaic technology: Basic concepts, sizing of a stand-alone
photovoltaic system for domestic applications and prelimi-
nary economic analysis [J]. Energy Conversion & Manage-
ment, 1995, 36(3): 161-174.

[2] THIRUGNANASAMBANDAM M, INIYAN S, GOIC R.
A review of solar thermal technologies [J]. Renewable &
Sustainable Energy Reviews, 2010, 14(1): 312-322.

[3] CRABTREE G W, LEWIS N S. Solar energy conversion
[J]. Physics Today, 2007, 60(3): 37-42.

(4] X7, B, BB Juik - bR A E N RS Btk
WA (7], 7T FFAERER, 2012, 30(8): 5-9.

[5]1 Ak, b, Wk, 45 HOBRA H RGUKA BRI
WL (7). FAES) 1 TFE, 2011, 26(4): 461-465.

(6] AR, WHHETE, AR, A RN B A O L AL
BRI [J]. RERR 32 41,2018, 46(5): 638-642.

[71 HE W, ZHANG G, ZHANG X X, et al. Recent devel-
opment and application of thermoelectric generator and
cooler [J]. Applied Energy, 2015, 143: 1-25.

[8] LI G Q, JI J, ZHANG G, et al. Performance analysis
on a novel micro-channel heat pipe evacuated tube solar

collector-incorporated thermoelectric generation [J]. Inter-

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

national Journal of Energy Research, 2016,40(15): 2117-
2127.

DENG Y, ZHU W, WANG Y, et al. Enhanced performance
of solar-driven photovoltaic-thermoelectric hybrid system
in an integrated design [J]. Solar Energy, 2013, 88: 182-
191.

PARK K T, SHIN S M, TAZEBAY A S, et al. Lossless
hybridization between photovoltaic and thermoelectric de-
vices [J]. Scientific Reports, 2013, 3(7): 2123.

PANG W, LIU Y, SHAO S Q, et al. Empirical study on ther-
mal performance through separating impacts from a hy-
brid PV/TE system design integrating heat sink [J]. Inter-
national Communications in Heat & Mass Transfer, 2015,
60: 9-12.

FBC I, i, AR RS A R G B Hr S A4 9]
TREAE AR, 2017, 38(4): 828-0833.

BREE, MR, MREZ. SBAR - i ZE IR 5 e LB
ML RERFME (0. AT RFZEREYR, 2013, 31(7): 97-100.

LIN J, LIAO T J, LIN B H. Performance analysis and load
matching of a photovoltaic—thermoelectric hybrid system
[J]. Energy Conversion & Management, 2015,105: 891-
899.

WU Y Y, WU S Y, XIAO L. Performance analysis of
photovoltaic—thermoelectric hybrid system with and with-
out glass cover [J]. Energy Conversion & Management,
2015, 93: 151-159.

LI G Q, ZHOU K, SONG Z Y, et al. Inconsis-
tent phenomenon of thermoelectric load resistance for
photovoltaic—thermoelectric module [J]. Energy Conver-
sion and Management, 2018, 161: 155-161.

PRASHER R. Thermal interface materials: Historical per-
spective, status, and future directions [J]. Proceedings of
the IEEE, 2006, 94(8): 1571-1586.

MCNAMARA A J, JOSHI Y, ZHANG Z M M. Thermal
resistance of thermal conductive adhesive anchored carbon
nanotubes interface material [J]. International Journal of
Thermal Sciences, 2015, 96: 221-226.

BT, W R, AR . ) r BE A IR e 3R RS L)
Jridi 0] MHEHECR, 2018, 37(3): 94-97.

HE W, ZHANG G, LI G Q, et al. Analysis and discussion
on the impact of non-uniform input heat flux on thermo-
electric generator array [J]. Energy Conversion and Man-
agement, 2015, 98: 268-274.

LIG Q, FENG W, JIN Y, et al. Discussion on the solar con-
centrating thermoelectric generation using micro-channel
heat pipe array [J]. Heat & Mass Transfer, 2017, 53(11):
3249-3256.



