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I AR 00 T JR D58 7= A v R 2 R M DX AR S B A R 7 S AR R SR 7 50 AR SO RN T
— v T e 4 2R A R A B X 8 1R 72 Uk FEL L (biomass-combustion-powered thermoelectric generator,
BCP-TEG) , VEAHW 7T 1 Fo il 72 53 A1 T e S BORHE AT AN [6] 2 Lm0, I HF e T Bl R . w7
FORIZIR 7 R BHTE B 5 5 7.6 kg A4 T AT RIS 742 750 W #7571 23.4 W IR HL g, # it
AL H32.3%. Wi ZE K ML R FL I D28 8 FE DN 2.41 Wekg ™, 38 T SCHRIRTE (4 BTG 56 T A U0 0 4
HIRR I D) 28 B o BbAh, R A SOIT R IR Z2 R F L, R 1 kg IR S5 BT R HA A L e RTS8 — 2%

if o ; o i s gy
ifg,; B/RH62AIN3T VM. RE, ASCHEM N 18 7 BCP-TEG M 78 4k A7 75 (¥ fi) A1 K 2K W] 0F 5 11
RO T3 Tl o
ﬁzﬁg;;ﬁm ©2022 THE AUTHORS. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher
oA i Education Press Limited Company. This is an open access article under the CC BY-NC-ND license
B (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. 515 A JIA SRR T HAIRE TSR, SRR, A

TS E A R 1042 N A3 12 TG L 0 AL 82 1) 22 1A 3l
X, 2019 3 e fili R AF IR 1 IX A BL[1]. SR A A
(U HL T CASCHE IR L 3845 AR T S THX 6 23 PR 1 [X S ]
FEFE IR 2 — o 2R3 2 DN 3 [X e B 2 1 g KU
PR oA DR (R FULE T R R IR AR P B AT R L IR R
[2]e SIXAHE T B ORI SR LW A e B Al iR %
K HAHL (biomass-combustion-powered thermoelectric gener-
ator, BCP-TEG), XFh& &FIHZE N5 (Seebeck) RUNKE
RABERE T & 7> R B FE BE[3]. H 1996 FE LUK, &
A KRB F N RIF R T BCP-TEG B T [4], UL,
BCP-TEG At — MM & . {HiE, 24K T BCP-TEG
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E-mail address: 109026@zust.edu.cn (G. Li).

FZE% (LM EER . B/EEEMRRZER PIRCESD
Fr AT —Fh i D 95 3 10 W 4% 28 BCP-TEG % it
Jiike UK T 20 24 LR O A (1 BCP-TEG i 7t
[4-27] (I BIF 70 26 s FOBIE 50 DT AR, 375 BT 10 ) B T 3K S HF 90 40
BT IR . R LA, FRR—AMSLARE 1 T
(1A 155 2L BCP-TEG 5 22 [F) I % il i iS AT i JE . RO A2
KRR =ANT T . R8T 24 HTHiE 7T U T 7T ik f
P IREZERIIE T

1996 4 H B T 28 —f 5% T BCP-TEG HIHF 5T ki [4],
O IBEFEAE 7 10 4F IR [R] A4 BCP-TEG K LI R
10 W (2005 “E IR FE 45 5 N 10.7 W [7], 2010 FIHF L
ZERN12.3 W (9], 1 HAX S & HE T 5 e Fe o /i 1 4
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R1 SCHRIRGET &R BCP-TEG L BERXS LL

) Power generation Efficiency (%)

References Year Cooling Fuel . ) m (kg) T,/AT (K) p /m P /N CHP

tpe material PP W) The M T e
Killander and Bass[4] 1996 Aircooled Wood  Bi,Te, 2 — 474/124  4.00-7.00/1.00-5.00 — 350  x - = —
Nuwayhid et al. [5] 2003 Aircooled Wood  Bi,Te, 1 — —/68 0.90/0.90 — 090 x _ = —
Nuwayhid et al. [6] 2005 Aircooled Wood  Bi,Te, 1 — 488/85  3.40/3.40 — 340 x - - = —
Nuwayhid et al. [7] 2005 Aircooled Wood  Bi,Te, 3 40.00 512/120 10.70/10.70 0.27 3.60 x - = = —
Lertsatitthanakorn [8] 2007 Aircooled Wood  Bi,Te, 1 12.00 513/150 2.40/— — 020 x — 320— —
Rinalde et al. [9] 2010 Water OLC E-Heater Bi,Te, 1 25.00" 493/200 12.30/12.30 0.49 1230 Hot water — — — —
Champier et al. [10] 2010 Water OLC G-Heater Bi,Te; 4 18.00° —/160  7.00/5.00 0.28 1.75 Hotwater — 2.00 — —
Champier et al. [11] 2011 Water OLC G-Heater Bi,Te; 1 30.00° 516/154 9.50/7.60 0.25 0.32 Hotwater — — — —
Goudarzi et al. [12] 2013 Water OLC Wood  Bi,Te, 21 — — 155.00%150.00° — 7.38  Hot water 33.3 1.39 0.46 33.3
O’ Shaughnessy et al. [13] 2013 Aircooled Wood  Bi,Te, 1 — 533/200 5.90/3.00 — 3.00 x - = = —
Raman [14] 2014 Aircooled Wood  Bi,Te, 1 — 573/240 4.50/3.67 — 453 X — — 013 —
Mal et al. [15] 2015 Aircooled Wood  Bi,Te, 1 — — 6.00/2.00 — 6.00 x - = = —
Mal et al. [16] 2016 Aircooled Wood  Bi,Te, 2 — — 10.00/4.00 — 5.00 x - = = —
Najjar and Kseibi [17] 2016 Aircooled Wood  Bi,Te;, 12 — 575/78  7.88/7.88 — 0.66  Warm air 23.8 0.65 0.15 23.8
Sornek et al. [18] 2016 Water OLC Wood  Bi,Te, 1 — —/150  6.00/6.00 — 6.00 x - - — -
Najjar and Kseibi [19] 2017 Air cooled Peat Bi,Te, 12 — —/40 6.60/6.60 — 0.50  Warmair — — — —
BioLite [20] 2017 Aircooled Wood  Bi,Te, 1 816 — 5.00/— — 250 x - = = —
Montecucco et al. [21] 2017 Water OLC Wood  Bi,Te; 4  60.00° 573/250 27.00/19.00 0.32 6.75  Hotwater — 5.00 — —
Deasy et al. [22] 2018 Water OLC Wood  Bi,Te;, — — 533/200  4.00/4.00 — 4.00 x - - - -
Obernberger [23] 2018 Water OLC Wood  — 12 — 587/221  35.00°/26.00 — 292  Hotwater — 1.53 029 19.2
Li et al. [24] 2018 Aircooled Charcoal Bi,Te;, 8 530 442/119 12.90/4.70 0.89 1.61 Warmair — 284 — —
Sornek et al. [25] 2019 Water OLC Wood  Bi,Te, 50 — — 75.20/— — 1.50 — — — 063 —
Li et al. [26] 2019 Water OLC Charcoal Bi,Te;, 20 10.70 444/136 62.60/51.20 4.79 313 x — 3.66 — x
Lietal. [27] 2020 Water CLC Charcoal Bi,Te; 144 62.60 463/115 252.00/118.00 1.88 1.75  Warmair 34.2 2.49 0.87 34.0
Present 2020 Water CLC Wood  Bi,Te, 6 7.60 512.2/174 23.40/18.30 2.41 390 Warmair 36.2 2.87 0.98 323

CLC: closed-loop cooling; OLC: open-loop cooling; E-heater: electrical heater; G-heater: gas heater; N: number of thermoelectric (TE) modules; m: mass weight
of the BCP-TEG; Ti: hot-end temperature; AT temperature difference; P, : total electric power; P : electric power output; CHP: combined heat and power; 7,

out*

heat collection efficiency; #;.: TE efficiency; .., overall efficiency; #,,: combined heat and power efficiency.
— denotes not found or not studied; % denotes not provided.
*Estimated weight based on water tank volume (L).

®Estimated results.

HITh3 . $&5 BCP-TEG [Ma K IR /EH#: N L1104 1
Fes N T 1535, B 32017 4F Montecucco Z5[211# I8 T # Y
MARER, BRBINEIERE T 27.0W. EERENZ,
Goudarzi S5 [ 1218/ & 1 — MK FL T %55 51 155.0 W ¥] BCP-
TEG. SR ERIIE (1550 W) HEBB K BIIER, i
ARSI B s A, (R TN 5 2t 5 4k S dt BCP-
TEG MPERESEAE TR W A, ek, MR AN RA T
Z AP (TE module, TEM) R U i 42 & 1 BCP-
TEG [ B I, B, 2018 FERIELE R N35.0 W
[23], 2019 4FERfRIELE RN T75.2 W [25], ZEHTE20184FE S
2020 5 [P HTF 5T 25 4 5 R 12.9 W [24]. 62.6 W [26] il
252.0 W [27]. JRE Tk, i DhEHEIE 10 WAL 1) &
D2 AE 45 BCP-TEG I AR BER ok o A4 A S il 2 A

TEM TAE 3G A — 804552 = BCP-TEG [ & HL D) 27 ok
TARK @R M, i EL X A R AN BB AN A8 I 34 i TEM
B Kk . BCP-TEG RE RSN INE 1 s .

R & BCP-TEG M Re M — AN EE 5 1H, HERAN
O Z (LRSI L SCRRARIE T AH G Bt 50 i 4
JUIANES, BN, SRRSO AR SN S e R L e
MEET). BE 2, BAFEEE TIARRGk, AT
AR R . HERIR G X AR S AR R . R,
RRCR o LR CR () [281K. BT AR
T8 T AFP L 3350 %,  ALFE Lertsatitthanakorn [8]#iE
f3.20%, Champier Z£[10]R1E [/ 2.00%, Goudarzi Z5[12]
B M 1.39%, Najjar Al Kseibi [17]3R & 1) 0.65%, Monte-
cucco 25 [21] 4% 1E ) 5.00%, Obernberger Z5[23] i i& ¥
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Heat collector TEM

Radiator

tot

L A& 7 & TR BCP-TEG Rt B i34 -

1.53% A SCAE 35 (2427138 BAHR T8 (1) 2.84%. 3.66% Fl
2.49%. iRRIE R BCP-TEG #K H 1 i fb 83 1) TEM,
X TEM S K AL SR 2408 5%, BRI, Rid#kiE
(B B 4 R AR S VS Bl . SRR BRI B 1
TEG 3% (L993%) FHLL,  FIRHIEFTSCHR i AR o
MRFE T 1% i BCP-TEG. Sornek 25 [25]4R 38 1 H1 H
R (1) BCP-TEG [1] & 2% 7 0.5%, A< SCAF & 3 0 % 11
BCP-TEG [f) B3R N 0.87% [27]. SR, iR # Ff BCP-
TEG [25,27]#8F B R M B &, R 53& 4 [ 5 39 B 1Y)
M

I8 AR R B R R R () BIR. H
SR BB R B/, 75 AP R R 2 32 )
TEEFIR . fEOA AR R =0T & T R
K, W5533.3% [12]. 23.8% [17]1H134.2% [27]. HIRIIEE
PR IR AT A IR KA S 8], AR AE LR
UEAE T R pe AN 52 R0 (1) 2% A T 4 S R N A i F ki
AT 1% m 3 3%. BRI E, JFR—Fi&E R
IS, B AR, R m T (E
#:3X BCP-TEG (1) 5 % J7¥2:.

HE 1AW, /K % BCP-TEG I 1 RE AL T X4 Y
BCP-TEG, iX1§ i T /KA IL fm T2 AR [29]. 24
MM, fECA K BCP-TEGHFTH, /K¥e il 2 FI H H ok
FKHEAT FF K Copen-loop cooling, OLC) [26]5K % F|
H— AN KEZMBKMEAT KA, W25L[9]. 18 L[10]
60 L [211/& KA. Kk, 2477 OLC A5 F i) BCP-
TEG 7 B /& KB /K B 5 TEM B8 L /b ixX & 1F
73 W BCP-TEG ¥ it Bt # 2 3 BUKFE A 7K R A2 6 i
M i 55 BCP-TEG HIPERE. th4, OLCBfT#l S8 T
BCP-TEG Wi s ALK, M R I& & T 8 2 2 B i 8L o
T EiRitie, KA (closed-loop cooling, CLC) ]
BCP-TEG It A fEH &, HKEEIIE K. ¥Rk
38 47 7E CLC % X~ i) BCP-TEG ] % i ) o 22 %5 Jif
(P, /m) EE|T 1.88 W-kg™' [27], &35 i T A0 A AR G I
Fo AGIEER, A EITERIAN S B0A 200 L & Ff BCP-

TEG 14 i It 3 B2 3 K . JF R — ol 37 vy Th 26 (1 4 485 5Q
BCP-TEG ifi K ] CLC & H1#5 X

TEM K58 AR IR VR Ig T IR B M ZE k. il
fif AL BB ) TEM (K B AR VFS AT IR B AR T 523 K, 463
BYFIBATIRE AT LLA R 573 K. I, B> TEM % HL 3
(PN WIARARIRRE K. B 1AL, JLIRT A B 7T
& TS E PYN (KT 5SW), 411230 W [9]. 7.38 W
[12]. 6.00 W [15]. 5.00 W [16]. 6.00 W [18]#16.75 W [21],
5 ARRE R TAR R ZE A/ T 150 K 250 K 2 /] . {E 1345
i, 250 K ) AR R 22 = BCP-TEG (1 #iiia fE T 242 &
F523 K, mibES il TEM B #4k. 3T —s BA K
P /N ) BCP-TEG, FL7=4 i HiE vl fE 5 TEM R~ H
Ko HIREEIE T w48 TEM, (HRHNF&R,
B R SF RS AL HE 60 mm x 60 mm. 56 mm X 56 mm-
40 mm x 40 mm 130 mm x 30 mm %5, P /N%ET 10 WK
Wk 5 I8 1 TEM [ #4900 20K 31 200 W, 3% RIS S ] sF oA
60 mm x 60 mm [*) TEM Ifi 5 V52 — P Fklk, v T<-
li5] 3 THI 2 1] [ £ $4 B0 000 4% B 6 45008 31 5.6 < 10 Wem™
[29]. AL, J&:4E 55T BCP-TEG VP4 b v i AF 7T R 48
FFRNRD XA Tk, ANFEM TAERESECT
BCP-TEG & HL#% 7l S W BIR o R —Fhde e m D 2 1
##5ABCP-TEG, H LA WA R £ KIAA T TAE
BEELLT, X R 2™ M2 TEM ) P, /N

A b B SCR e o5 2 B Tk e T 2 8 4% X BCP-TEG
MEEN, KIERAHARIZN. KXNHET —FREN
7.6 kg ) BCP-TEG, HAKHIIZFIAE] T 23.4 W, LTI
N5 SRR T REMHE . A, ASCHEgS T
FTIT K B) BCP-TEG HJMR JE 70 A« DA BAFE. AN Z
e AL RIS R, FIR R T IR NS
g,

RIXHIOF A TR EHF KT —FMEEI)ERE
23.4 W )= Th %8 #% X BCP-TEG (7.6 kg) . W& HI5K &
SCEL T A B, AR ICECAR CLC A B RS A, AT
AN T A RER & T4 X BCP-TEG 1 RE R ¥ 7 VE 1 28 k.
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BEAk, AR SRR A 58 AT 4% X BCP-TEG - 41NJZ Z 3R
SIHTIIRETT, XSRS TR AR
SR R AR BX fE (combined heat and power, CHP)
e

2. TEG AN LIMH R4t

2.1. TEG 454

K245t 7 BCP-TEG AN B &5 k9 18, e —A
HEE I R AR PEANEE T HIR B I A
. 6N TEM Al—/> CHP AL . T /E R4 i
T R TERE, COKETARL” AR EE R BRI
[30]. Xt T4l “ KF AL LD, BB % —
FRCIR I R I A B AP [30], X P TH S S R
DARERR, (RN 350 18 s AL T ot A be e .
K2 (o) AR, ASCHGER “REEY” AT K IE
XER D EREmE, JRER B In—Ira
FH A IR e F BRI AR 2% o I b b VR A 2 RO 11 S5 B
KT T8, FEMIRA LMo T ARk S A
TR R BT A AR FH A W K R A 2 T 1)
T -

CHP A — DK — NI — R
—/NHRAEE A — N AR E B RS (electric energy manage-
ment system, EEMS) . KRR 5 N HYS-1203B RYIIT
TR R TARARD, KEFE S A WFB-1212M (FhEH
BIEHET T B A RAFD . KR % 3B 2 EEMS
o, 3452 EEMS 9454, EEMS Hd A 35w 4 T HLfg
A B (1 R R I T A S fe A PR A W] AR 7 1) DC-DC 4% i 2%
(B55007915) . — MEWHE TR, (Rl ARAF
AR REEER (WS RNIT-D. — DN HAIREGER B E
Ty AR E R OR A AN AR O (S VR
12V). fiffe Mg s E, EEH R e 7
JE AT AE A . TEM A58 TEG1-12708, L3845
B B R VR BHE A BR A W A7, FLAME RS 8 40.0 mm <
40.0 mm x 3.8 mm. & 2 FT s )7 AL AR TS & A ST ) BT
M, X E T ENEEE I THOR H — B
IR, BRI 8 e HERR 1 4R P ais ARSI 25 S A 7= I gk
A7 Z T T 7 A A VBEL . STR[26]4R3E [ BCP-TEG X
FH AR BUEE AR SIS, X P BT AE R FH 24> TEM B
Al R AR USSR R AN 70 S 1 I, [] SR BRRHAS i A
HMEI AR . A, ORI 7T 3 WA R 357 ek # <2 [B] Fy 1] Bt
255 BCP-TEG [ HfE[26]. B 245 T &A% 45
BRI RS IR A8 AR BEA 14 mm, X MR A&

Flame holder

-

N\ TS
g._\ K Bottom opéa}ﬁg' T
(a

) (b)

11.5 mm

13.5 mm
(c) (e)

(1 Biomass-based TEG @ CHP component (3 Biomass combustor
@) Heat collector ® TEM ®) Liquid cooled heat sink

& 2. BCP-TEG WA M2 Hedhiby . (a) AP (b) #EE; () TEG
ik, (D LR (o HRER R

& T B4 64 TEM ) TEG [28]. TEM [ %% £ /1 A
1 MPa [28]. 4> BCP-TEG R &N 7.6 kg, BIT1%%
e N B e R AR SR BP T

2.2, SEEGMINR R 5t

FEI3AH TSR R G . REEEDFRILE S WL
be, IXMURFERAHM K FIY T BRI B R AR (LB
o BRGEJE R SR EE AR, A R A E
WERARWEE, JFd i BERARIAT IR AL, X ETE
KA A5 4EFFE TEM ¥ i i P 1R 2% A1 R 3@ TEM. N fR 7K
AR, TE/KIE RSN T ¥4 H KBRS FI KA 25 2
PEER,  FFR A — AN B R R 24 B BSOS HE B P 855
Ho DRI, MAERARGES H SR FA B2 iR AT %, T
TS B PRI . I AR IR . iR A . FREEIR
JE L V& EKIE B AN KR 2, AT 4E BCP-TEG i) LA
PERE, WM RS 2R T 17 KAEREE, B
I A = K o8 Bilg A s kAR SR, Y5 5 WREK-
101. S50k H 26 B % 516 A 7] (Agilent Technologies,
USA) 7055 34970A A K& Z Gt (data acqui-
sition, DAQ) K& iR JF(55. EEMS R4 IR 2 K H



A EFRELE 12.6 V. OX/NH RS 4 Eth 7s D)
50V (USB##%). £ BCP-TEG 53, HL& P &I H
Mg KRB R R fE s 24 BCP-TEG G35, HlLas
0 1 EE R A% SR B e . BCP-TEG & FE I i — /N
53 BT 2 7K AN XU R FL R SR, JR AR 1 H e A
17 1E | b A 5@ 1F USB 482 % Ah e . 78 HE4T T 2 6 3,
REMEMARE, RG5CH EEMS, KT R A IR A
A AP 1 33 11F B HL -7 FAE AN [F) A1 38 £ 48 2% A T 2B AT AR
KPR o HL T AR HE FE N 0.2%. B JXU AR X3 SR i 5
IR H T CEEED A RRA A A= 1855 MS6252B 1im
WG TE AT &, SRS B2 8 2.0%. BCP-TEG )%
A il 37 88 3 W R SE R I A A PR A W) AR 77 1) T8 214t
BB OGHEAT IR, H S5 HEFR N 25 pme ALY SELR
VR ZE 3 M AT LA SO 9 AT 0 T AR R IE[27]. R HLTh
R HERR DA BRI s AR R R AR R ZE A
0.2%- 3.0%- 3.4% F13.4%.

2.3, SEHP BRI T

SKROP BIRITAZAT AT 0 AP R I o R T IR A
FEPEIB, 3 R UR AR (DM AN L R 45 7K S RITHICH
R HEE s A B L AREKATA & R FE HA it A
¥ Sl RE A RE I HEAT ARSI B 5 (MR iy Y P2 ) S A A
RIBEER IR 2 & 5E R 15 LTIkt IF 4615
RIRHIARFZMBET R FIER G . TR, EAK
BB EURITIT EEMS 248, HARDEMA. fELkdiE

tt1
Radiator

2

I Y L

5

L KIS 1) CAF R 4EHRFE 115V, THFERTA
I N5.43 W (DC-DC ¥ #as 2 1) . EAERNZ, K
TR XU BT 8 FE I D 2 Bl B (R] % 30, FIR [ 5.43 W
F2 HI 5 AN /)N (1 B S50 ) B SRAS ) P 3 A

S —LIF R 718N LALHIBE T . BT 17 4S5 T
DU & TR BE AT . DR SFERHE A S AN BRI BCE .
I, FERNIRR R AR RLE 523 KSR, o038 17N AR )
AR E, IR T BCP-TEG Itk RE. a4 SE5e
T A, B P Rl be 1 kg A IS 72
%A%, MiI3E% BCP-TEG & L& . [Hit, 7F
BEAT BRSS9 TOLRE SRS, EEMS RGN AN TAE, It
I AR AR A TAEAE B A A o Bl S5 U
W3R 7 DC-DC ¥ #e 28 e, f T — N E A
AR RIFIB BB ARM DC-DC ## 85, HEHBEN
94%.

BCP-TEG Ml ik I B B A RA AR, FAARZF RS 4N
20 mm x 20 mm x 300 mm, {&f7 K # & (lower heat val-
ue, LHV) FI#E 5354 16.8 MI-kg ' f1482 kg-m™. LHV
KV TF T A A BR A w4 77 (1 AL 5 D SE-C5800
M EROONEIRAT . BRI o8l KD T A S e
B A ] A2 77 1 R 50N SE-CHN2000 F 76 2 23 Hr A & 3k
B, SR N w. = 41.89%. wy, = 4.51%. w, = 40.16%-
wy = 0.22%-+ wg = 0.05%. BCP-TEG A X I Bl R & K
ML, BEbe TR S 2 1 08 R SR 3l (100 <

Cooling water

PoT c:;p
| ) Blower

D .0

Flue gas <::I]

g8

eat sin

_6_
pm |
OuiputT 5

A 4

..\}a <:]|]|| Wood sticks

e ﬂ Infrared camera
[ S,

Electronic load

DAQ ....................... S SO ST S

B 3. T IEA 2 A TR B BCP-TEG B I0 R 5t
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2.4. ZHUE X
AW e & BCP-TEG K% A gE &, JEid LA A 30
17 5E X
g.=m  LHV/At (1)
A, g, RMINBER: m fEAE Ar I E] BRI I AR 2% 5
iy LHV 2 ARKMIRA R . BT AT RRINAAE,
AR R B REERERR I oK, e A AN TE AR
BRI (g . WAREREREREIN ¥ KEMIGR, — o
TR PR IR BN BRI (gyy) > TR IR A HEIH
HEE AR (g,) o 1RSI0 Hh X DL AN 58 4 AR T4
% (g PAACHERRAIBE #4452k (g AT SCOA HER,
FAE T AR AR AT LU I TEM, TR A7 7E — 8
73 PR SR IR IR AR S R A TR, s OB
MESPANR (g0 g BT LA N AT IHA
q3=h Awe (Tye = T )+ 80A e (Thie = T (2)
X, Ay RERSHENIR (m®»; T B MI LT
BE (Ks T, RRERE (K; oM r-5URgg s
B (Wem™- K™ WM RE (b, MEEGHE (o) 12
AR SCHIE FE A A 3 6 — T3 AR [28] h BEAT 7 PR A4
Jitid TEM B RGR H B — 3 B AR N B R BIIE (P,
HARMPIR (g PR BRUCHT E o Geq 77 AP -
IKEAERE AR (g FMBEARKIHEEDRE (¢,0.
g, M gy, 73 I LT A 502813 53R AS -
4= ho Aoy Ty — Ty ) + 0 A (T = T (3)
th=cppairVairAR(Tair_Tatm) (4)
A, Ap R ECAES L IE IR B AR B S Ah R T AR
(m?); Tp B . EREBRAVKRRIRE K
e, REIIHE (kg K5 py 2 UHIE (kgom™
Vi 2 B R I XGE (mes™) s A A BRI TR
(m»); T, 2 i DR (K.
B, g A TEM BRI (qrp) AT BRI LT
ARG
Gue=93+t 4+ qu+ Py (5)
Gre=qst qut Py (6)
BRI BERR DI (g, 7T BLFH SROID A B f 0 2 1]
Rl ASCIT K17 BCP-TEG A2 [A] i 42 5 vl #4 ) Fi el 7
AR R IR BEAR R T 3o T EIR A SUATIRAG AN E Z I 2L
o LR READRENSH, BT AXHE:
Miic =Guc/in (7)
B L R HCRAT CHP R AR JZE 2%
ST ARSI R 1 BCP-TEG [T RE . # B i 4 s e i &
T TEM #8fF 2 TERE, SR I FEBL T BCP-TEG %

GRHHIVERE. BEAL, CHP GRS 1 Be & H IR .
PREEHORR L R RN CHP Rl 1 LR 4 Gt
CEiRE

Nre =Pt/ (8)
’/]overall:Ptot/qin (9>
Newr =P+ 44/ q5n (10)

3. £ERAIE

3.1, R A

Bl 4 45t 17 BCP-TEG I #4845 R0 ¥4 Fiv oty i 7F 48
S B A 2R . BB CE I BB ) S0 R FH AR LA
BEAT T AR, AR RS 38 8 0.4 [28]. itk 8
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Nomenclature

Aye Heat transfer area of heat collector (m”)

Apy Outside surface area of heat sinks, pipes, and water
pump (m’)

Ay Area of radiator (m?)

¢, Heat capacity of air (kJ-kg '-K™)

E Electric energy (W-h)

h,, Convective heat transfer coefficient (W-m™>-K™)

1 Current (A)

L Length of thermoelectric leg (mm)

m Mass weight of BCP-TEG (kg)

m,, Mass weigh of pine sticks (kg), m_,= 1 kg

n Electrical resistivity ratio (mm)

N Number of thermoelectric modules (dimensionless)

P Electric power (W)

P, Net electric power (W)

P, Total electric power (W)

q, Incomplete combustion heat loss (W)

q, Heat loss by flue gases and combustion walls (W)

q, Heat loss by heat collector (W)

q, Heat loss by heat sinks, water pumps and connecting
pipes (W)

o Heat flux rejected by the cold ends of BCP-TEG (W)

Goomd Total heat flux released by biomass combustion (W)

Guc Total heat flux collected by heat collector (W)

G Heating power from the radiator (W)

q. Input power (W)

Gre Heat flux passing through thermoelectric modules
W)

Oy Heat flux per thermoelectric module (W)

r Thermal contact ratio (dimensionless)

Ry Load resistance (£2)

T Temperature (K)

T, Air temperature from radiator (K)

T Atmosphere temperature (K)

T, Cold-end temperature (K)

T Outside surface temperature of heat collection (K)

T, Hot-end temperature (K)

T, Surface temperature of heat sinks, pipes, and water

pumps (K), 7,,,= T,

Cooling water temperature (K)

p air
Henp
Muc
Hoverall
Mg

nTE,theo

Time (s)

Temperature difference, AT = T,—-T. (K)
Voltage (V)

Air velocity from radiator (m-s™)

Ratio of ceramic thickness to thermoelectric leg (di-
mensionless)

x coordinate (m)

Thermoelectric figure of merit (dimensionless)
Emissivity (dimensionless)

Stefan—Boltzmann constant (W-m™=-K™)

Air density (kg'm™)

Combined heat and power efficiency (%)

Heat collection efficiency (%)

Overall efficiency (%)

Thermoelectric efficiency (%)

Predicted thermoelectric efficiency (%)

Abbreviations

BCP Biomass-combustion powered
CHP  Combined heat and power
CLC  Closed-loop cooling

DAQ  Data acquisition

HC Heat collector

HEX  Heat exchanger

LHV  Lower heat value (MJ-kg™")
OLC  Open-loop cooling

TE Thermoelectric

TEG  Thermoelectric generator
TEM  Thermoelectric module
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