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Energy Efficiency Evaluation of Residential Fresh Air Units with
Exhaust Air Heat Recovery
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Abstract Improving indoor air quality in homes requires fresh air; however, this is a strain on air conditioning systems. To address this
issue, the use of energy-efficient fresh air units equipped with exhaust air heat recovery is recommended. These units include both passive
and active types, with prominent examples being air-to-air enthalpy heat exchangers and heat pump units. Currently, the evaluation of the
energy efficiency in fresh air units predominantly revolves around air-to-air enthalpy heat exchangers, rendering the commonly used heat
exchange efficiency inapplicable to heat pump units. The concept of exhaust air heat recovery is perplexing and contradictory.
Furthermore, the assessment of fresh air units primarily focuses on the units themselves, without considering their impact on air
conditioning units and the overall system performance once combined. This study aims to establish a unified definition of exhaust air heat
recovery for fresh air units, elucidating its intrinsic meaning. Additionally, it proposes a comprehensive energy efficiency evaluation
method for a combined fresh air and air conditioning system. Through a case study of seven existing fresh air unit types, the necessity of
exhaust air heat recovery is highlighted, and the energy efficiency levels of different unit types are compared.
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HABLL R 3% 5 N A SUBUR Y GB R A
A A BT G s R DB R R B N T i e s
AT R N T AR R O BRARON LR

PR 6707, Zhao Kang 2577 (1) S AIF 2 % B8 KL 17
fof 5 BT Y 29% , RGN T 25 8 R G IFE
At R R, A8 P AR S R A0 Y B TP

MR S 3 0 14 DX o 3 A e Bt N B A 06 K S A 42
DA R Ao KA 75 e IR W 3 4 e 555 1) 56 1 i B T
HESFUHT R 2 52 3 A, R AR RS R s A
W 78 KR G, db Y098 55 Hi i) DB 32/
3920—2020¢ {1 & it bR e ) 2 E W B B SR T AT
FEL R INER G,

AR GE = N IR R [A B, Wok T /e gishak

Wi F 351:2024-05-28 ;18 8] H 1 :2024-07-15; 5 7 H 11 :2024-08-30

— 124 —

A, Xt HE G AT % DS A L2 A5 B S TE AT iz
B9, AKX IO 30T LAY 2 260 1) B
SRR, DL R el e A B s e g 9 AR . &
SRR EE A [ XU e 25 A R 52 e T 52 SR
gy, 5B  Z H AUG R o0 v F A BRI, & = 0
A I AT DLREAR R T A2 Y Bfi . IX 28R
GE U B AR UL, O R4S MR IR AE AR A O 4 A A



Faok F5H
2025 4F 10 A

IR EE A AR RSO KUBLZEL ) RESSPF

Vol. 46, No. 5
October, 2025

. 2) EshaHE, LLSUXGE Y #4531 m] koL 2
HRF, ZMLALE T 2 AR 4R U S e, B
VA A28 2 MR 7 IS it ¥4 00 B 38, o ¥4 790 94 58 ] 1)
HE R (1200 2 S B0 HE KUK [l i, 75 T 2R 40 7 22
] BT g 0 B 1) AN IR R O BORFRAR) 5 & = R
G5 L Ve 700 2% S D FHE JRU R B I 4 VA 5
M I KL, 1% & GE X B UAL B RE 1 R
JE T DU g sh A R G, ng b B =
RENS 7 26 = N AR IR fr > A, FASRE HA T i
BLAH ) 2R G2 T 2t 76 AS W7 326 AR 00T, A 46 R 4 3458
Beam LA %

B XAILLE 38 5 B RN 25 AL AL BC A A, 3L [RE
15 PEE R AT S PR RS TR R E | Co, Ry
BESHEGEKT-, IWWREM B, 1 A 7] 25 2
(BT AL AL, D K SR BUAS [ ) 9 42 5 e, 34 ] B 52
Wi B AR RS RERE . B4, 3 3h A E I PL 4 PRk
(14 BEAFE— A ol 2 U0 o, (R LA A R AR T 38 4 &
P s, AR T 25 PR AL ZE 00 A9 7 4 R D EE TR I e
KELARD)FES M ] GEFEAIK, B. Seshadri 457 HF 5%
R E8h UM = R IR g ), 28
JAMKHLEBE K IR BE AT N 7 C $ETH 2 17 ¢, Mk
RETHETEE 8.0,

Sho g B HE XA BT LA B fi , 5 B 5 P
INSERPES 7 35 o AW 5/ 45 b b v LA B 2 R A
I8, MHIPER R R A PR 1) LUl s LA i 4
ISR N 355 2) AU R KLAL A B, 7] BEL7E
T H— VR A BB HLAL A P EDSRCR I R 3 T
IR F2 s P, B Y m A Aok 5 B0 B op
JE o 3K W45 28 KL HE XA (o1 i i 4 AT
Gi—IE LAY, H = B KL [R] 25 AL D,
TR B far S DR S T LA AR R B
PR T HE XA R T RUILZH P RE F A, AR 07 ey BT
B RAR S | 38 0% R RN 23 PR AL IE A 5 P27 B 850
[ PR A2 0 S T B0k — o5, (ELR i O
Xif T R 23 AL A9 BE S50 REFE , I\ R #5584
RERICHE o, WP AR T RE . X vk R B s 2 IR AL
YLREACN A2, 20 T AN [T KL 23 P RE Y
AT

AR ST ) 4 2 FAHE IR SO XL B e et
HH 2 A [ R XU [ ST UL P 1 2R B F I 2
Ak 5 o BTSOO8R, 3 SCHE IR
P T R I I AR RN B U 5 i A& 528
PSR R G A&, IR 3 2 10 2R A BERL, I 4T
FL 2RI, S A B

1 FATREREM 77 7%

1. 1 i AR R
H AT 4 P SE 4 4 (B 3l =) A pi o A4 [ml i 7Y
(FEzhR) 2 ZEH R, 4 %R FEFR 2,
1. 1.1 £ 35
GB/T 21087—2020 { #A [l W7 KALLH Y 'O DLk
SEHACRAE R PERE I PE AN, i 1 1) 2 AR ) % APk X
(OA) THLFRERL(SA) T R RA) IR RE . #4438
BRI 2 SUN
YOA - YSA
) YOA - YRA ( ! )
Hodp Y nr UK 8 | 25 Y e R R R ) R A B
B/ W ISCHAOR
I — b o PN A 22 ST RE R [0 HL/ RE R R B R
&, R OA FIik XU SA 2 [a] BE H 22 A 4= $A A2
BRI S DIAERY LA
H A AR GT B SE BRI, A5 45 A5 2R e 3 4
ARG 82 DIAS AR FOR il R 3
1. 1. 2 ARG KHLE
GB/T 40397—2021 ¢ )7 258 KUBRIBHLY 1 B
TR B LIRSS HER LA K
TE VG L T T AR I RS R (T LA, H R
HEP RRLE A DR S HI8 () B4R 68 13
b, R4 T RERLA e Al FHER
FHEY GB/T 19411—2003¢ BIBHLY ' (b7 Uk
B 22 1] [] 192 R FH V2 B8 AR P A B XUTE 1Y BRI LA )
M BEASE S, BRI S HLALH FH B0 B A TR BRI 2
('specific moisture extraction rate, SMER ) B BEALTEFR,
R[5 1 2/ BRI H L A S D)%
1M GB/T 25128—2010¢ B #e78 & & Hi W a R
AEHRHLALY UV X G SR AR R G
K H T HERE R B coefficient of performance, COP) fY
SE L, M GB 37479—2019 ¢ X455 KU 25 P HL4H
RERRR S (1 S RERLAE ) ' I 5 SUT BB 41,
1.2 i A EE ERE
v B S DI W T ANE YRS (N N [
FALTE AT KRB AL b RO, B an(
TR REAE ST S 0 (A7) ) 1 4545 M A R 3R
NI A R T KL A AR | X607 af ik
2 5 1 D35 R AACHROR A
[7i] JLTE T A A4 380 350 T A AR S 78 XL
HIEATE, A B ER (1) MITHE 2, A
A FRAR AT HER T 1009% (2416 A% ] XU AR 14 3
— 125 —




Faof FH5M Vol. 46,No. 5
1| A 2% ’
2025 4 10 A W% October, 2025
FERE) X AR« AT HRCR” B BME S ANAT MRy )

J3—7J7 1, ISR BB A B BEAL R B
TE SCRIRE ISR T SCHLA B9 1 B R B B A
AL AEIFRBE 2 4 MOV TR BIAE 2%
HJLITERE R A CGE MR R L AL R AR Z L) B9 F5 AR
i, WIFAGH, P KURZS AN, X R G —
X HLY e et df 2 18 DX 1) - IR B R SOL A ) IRUR
fE AT RUSEAR (& R U By ) |, RE RS 1 R 4H 38
NG ; AR IR RE , 224 Ty 24 1 45 25 0
HLZL AL 2

F M AT L, 225 i R s e i AR R AR [ i Y AL 2
BIRIA BT XHLAL, I3 B A B i D B, (H BERKT
N5k EAFAETT TG Z AL . SRR R DL 4 g i
for A ARME 25 T AR B DR BL A 5 BN TE Y T
I BELAS T AT RIS I A R

2 HEXUR E R SR T S 5 —

X T AR B 3 KL, HE XU R 20 1
IR BE i ELAE S L T BRI B 32 R) e, A SO
B HILZH rhHE XA T ) e — 0 5807 0 4 A5 B 100
DA R USCHEE 2 8 B A LA
2.1 HERUA B B8RS E X

FEXSHERAR DS ER Y 5E LA R AR

1) 54T HIBE X, : 2 W D XURH 85 28 AP ER B B
KA A IR RESE, BRI

Xoate =Xox =Xy (2)

2) SEBR T BE X, qoyereq  HEXUF BT WSS T %5
B A S BUA 1 SSOR I BE R R A7

X BRI S £ ROR 27 R ] BB A AE
RSB R i AR NN B S P i WE EI R ZE RO 7T
P A=A o B A XU 28 XUBIL I T

3) AE R IATSCRORR )« 2 BR MDICRE i 58 42 ] RE
LG, B

My = Xeccorered” X usable (3)

A X AT AR R AR kW

P 1A B 5 T 18T R s T AR XU RE i A4 [l i ) HE
& B 1(a) PEZHEREA FEX RA B5S(HZ 2
X 7SI o 1T A ) i i, HOAH 488 F 56 4 T L BE ([l XL
RA FIZ5h OA JE(E 2 25) By Le 49 BV O % {6 A4 fiE
FISCRCR 0,(my< 1) o B 1(h) WX R T SEBRHERUR
AR HEAS 2 B = A ) i BRI
4% 5 SR [T W BEAS 23 8 Hh e R ] e, Hode 2
e HERATHGE (RN 9, =1) , B85 E 5 —2
FRPIRZS , 28 A PR B8 A0 B 20 ok A H A 5l 3R
(1) G R AR R UST 28 4E Hh AR s 246 BIL Ak £ 90K 50 i

— 126 —

(b) Seax i GREE
1 HERA B E SR E LRSS TE

Fig.1 Conceptual illustration of exhaust air heat recovery

on psychrometric chart

2.2 HERUEA BB R i E
2.2.1 itEAH*

R 2.1 15 HERER RIS RE R R0, XA
[ TR0 f 0 KL LA T S B 22 55 (H AT LA
2y 138 FH A HED

1) X XUBILZH N 1 2% FR A/ #0835 T LA 232 4001
FCAEHE IR TS A b U3 s i HLAAR SIS 51 ) 4y B
FH/BFE/ T/ ARG 4 4 28, QAR 53 268 e b
BN 1 i,

2) SRJEH A 2R W0 K A, 1 T BB 3 434
FRAMEBIE 5 , 3 M 58 42 AT FH BE I BR B AR , 15 1 SEBR
M hE, an=(4) 50X (5) B, 2 A J7 I iR 4%
N —3K

Xccovered = X consumed ~ Xexuragain (4)
X covered = Xusarte = Xvastea (5)

3) ##x(3) 15 AN [A) 248 B2 1 i 1 [T i 3, Herp
st e (2) &t
2.2.2 KRB

1) S A

12 7R by oA e XU 4 A S8 46 2 1) 481 5 (1



Faok F5H
2025 4F 10 A

IR EE A AR RSO KUBLZEL ) RESSPF

Vol. 46, No. 5
October, 2025

1 FXALE M B4/ RTTR S L5
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Fig.2 Example of exhaust energy recovery efficiency
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calculation: air-to-air enthalpy heat exchanger
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calculation: heat pump unit
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