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Abstract

Taking a scientific research support project in Huzhou City as an example, a year-round hourly
calculation of the heating and cooling loads was conducted to determine the operating time for
different load intervals. Based on the design heating and cooling loads of the project, the selection
of HVAC heating and cooling source systems was made. By utilizing the concept of Integrated Part
Load Value (IPLV) and simplifying the performance coefficient of the HVAC systems at partial
loads, the coefficient of performance (COP) for each system was determined at different load rates.
The initial investment, operating costs, dynamic annual costs, and carbon emissions of four HVAC
heating and cooling source systems were calculated and analyzed. The results showed that the
annual operating cost of the water-source multi-split system was approximately 795,000 yuan,
with a dynamic annual cost of around 1.22 million yuan and carbon emissions of around 493 tons.
Considering the annual operating cost, dynamic annual cost, and carbon emissions of the HVAC
system, the water-source multi-split system utilizing mine water was found to be more suitable for
this project. In conditions where water resources can be utilized, the water-source multi-split sys-
tem has greater energy-saving and carbon reduction advantages.
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TG IE )V T T SIS FEER ST REIRCHE R DG, o DL I 2 A R SN FE A KB + Hoks
W UKOK)EW + HOKER . AKA)IERGE LR ZBHLR A1 [2]. AKHIH R G E Z=H04 2 A i S
H, HHAFEFZREHOKBIATHERE3]; ARERE PR R, T AR RE R, — BB
DL A2 FH P R GG ST il 5 3R (4] KB Z B R G RE W vR AN 3 DA R [5], AT T T RS a
BEATHERE,  [RIEHIH 2 ST i il 7 oK -

I H KR 2 BN FEALVA R 22 SR FH VA R0 VA FR XA SR KBTI =, ¥4 FAR i 1)
RS KR LA R R AT BRI A BERERUR 6], 5 W FUKIR AR B b R s i RGUAHEL,  FTREVEAD
STPEFA I, AT T A ity 7355 VR AR A P 5 R 1

A SCEEA FAR REIR (I H T PE DX ST /KI8) 5 7K IR 22 ML DL K /K IR ARGR K8 2 A0 A, 0B 4 s i 74 #4
PR, WV IBATREREDR . B0 o A S e B IR K IR 2 VLR G/ A AT SRR
KRR 198 77
2. TR

TN T 3 EL S S AN 13525.8 m?, MR 12, b SR, HeAp R 3373.2m?, i

A 10152.6 m?, R AR, &M BREUULBEIE AR, 1 ERKERET, 2 EARITS
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9 1157.6 kW o RFZIE IR AR IR I AU AT SEvE, 2058 28 G0 10 A7 far 246 K50 40 INF 8] P (5 22 8 i 74 B ) )
93.6%, 7 A il AT (AT [1] 92.7%) A TE fe K AAT 1) 75% LA INIEL 1 &, A2 AT (B £ ZE AR TE 0%~50%
s DX (], PR AR 7 fer X 8] 25 R R LA Re R L s 8 AT R e ¥ B S 03[ 7]

1800 1 800 1
1500 [
2 600
~ =
= 1200 - <
= =
IT'E; 900 E 400 [
* 600 =
200 |
300 |
B : m

0~25%  25~50%  50~T75%  75~100% 0~25%  25~50%  50~T75%  75~100%
%‘B%%TgﬂZl‘ﬁl %ﬂﬁ:‘ﬁ(’iﬁﬂzwﬂ
a

Figure 1. Cold and hot load frequency distribution chart. (a) Distribution chart of cooling operation time in summer; (b) Dis-
tribution chart of heating operation time in winter
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Table 1. Main equipment list for option 1

F1ARIEERER

FERE FrE MR i G (Jin)
AFATMEAT A 7K HLLH. HIVAE 1340.0 kW A5 N Th R 235.0 kW 1 48.0
oS Sihess i 325 th 15.0 kW 2 15.0
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Continued
Nr—i—=N (m}
W HIK R m%mmﬁﬁ%gmmm\ 37.0 kW 2 3.6.0
{ITIL
BERAR i 242 tf;g?% 255 m. 37.0 kW 2 2.4
{ITIL
HOKRHF 52 Rz A TS0 7.5 kW 2 s
{ITIL
X X FEMINZE 1170.0 kW
IR AR AR i O FEHITI 3.0 kW | 1000
KA. S 19.8
2507 kW
HAMLA 10.0
B 200.3
T HLAL N R
Table 2. Main equipment list for option 2
F2 AR2FEREER
FER S FAE MR i G (Jin)
. HAE 1340.0 kW/ Hill A5 NI 200.0 kW/
2 VEMIENLY o 1 84.0
BTSRRI PR 1428.0 kKW G N TH 3 298.0 kW
Nri=N (m}
ks 00t RES00m. 55.0 kW > 50
{ITIL
WK R g 242 tf;g?% 255 m, 37.0 kW 2 24
{ITIL
RALEE . FTE 19.8
M050.7 kW
HAMLEA 10.0
. s HUE e 1500 kW
BrmHAz 4 . .
TSI 5 "ense, &, 1s13C ! 6
i 260.8
Ve HLAL WL R
Table 3. Main equipment list for option 3
F=3. ARITERER
FERH FA MR 28 G (Jion)
IKIRZ AL E ML a2 56.0 KW/l #v& 63.0 kW 11.6 kW 21 182.0
W HAIEIA KR e 300 the ##2 30.0m. EZE 5T 55.0 kW 2 5.0
E WL 66.7
5261 kW
HRML 20.2
. N B #IAE 1500 kW
Tz B kL4 : .
T AR RAA H. 1823C, % 18/13C ! 6
gt 279.9
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Table 4. Main equipment list for option 4
T ARIEERER

FEE% FAE &R Ko EM(FIT)
, #1748 56.0 kW/ A HINIIZ 17.0 kW/
VA ,—g
P ZIRBLEIHL A 63.0 kW A A SH% 16.4 kW 2! 1590
E WAL 66.7
$26.1 kW
R 20.2
- 245.9

4. BITEFEDH
4.1. REFETERRR

M HDY #9747 X 0] ) Bt 2 Gt TR BRI 58 4TI TR A B RE TS S Rt
K5 IPLV AH A VPO 22 28 ALY, 0HP b A AR 1y 28017 20 B, B3R 0%~25% 25%~50%
50%~75%- 75%~100%, it 5 ]2 Fir A3 250 o3 BEN 2R 177 209 Bas 28 9 43 B far 22 1)~ 3314
4 BT R R 12.5% 37.5%- 62.5%- 87.5%; COP i3 71 faf 2 7 Bt I ATLZH F 17 28 T 1 e R AT
LRV IME, HoME RS RS 5 18 50 R 4 BE P 378 HKE KR BE B IE[10] [11]; 1817 NiZ o Be N
gt B K. FIH 12.5% 37.5% 62.5%5 87.5% 514 N IS HCEL I & FREFE T 5 .

4.2. RBBRARERTEREBITHRATE

le 5%
Bys === M
Co,zs
Pz = 1)12.572),25 + P37.5Tzs,50 et Ps7.5T75,100 (2)

e By AE AT 0%~25%7 BEN I ENLFAITIER, kW O, 5, NS AATE 0%~25%77 BX N I
STV GRT KW C, s (84 EHLLE ST 28 0%~25% 4B A 11 COP (14 4 K HE KR RE AR 5047 28 0%~25%
IR P, A SR LA AE B AR W h)s T, LA SRR 0%~25% 73 B .2
AT, hy HARSEUR IR

Bdsb = No,sto,zs + st,soTzs,so +oet N75,100T75,100 (3)

A By, WRHAKERERIFBEFERWh), Ny, A 0%~25%7r BA I KSR AT P TI%, kW,
P,

asb = 10,250,255 50Tos 50+ + s 1000775 100 4)

Reft: P, R KUK SR IR TR 2 B RERE, (KW-h), g 05 9 0%~25% 0B 1K RIZ AT )

q

x, kW,
Bqt = PosTos + Passolosso T+ Prsi00D75.100 (5)

Rebt: B, A HE S AE BIHRERW):  py 0 AV IS 0%-~25% 50 BUN IS AT TN, kW,
P:PZ+PIdsb+quxb+P +Pmd (6)

Iqt

A PRIETT R BT ERW ), P, AT FAR B &S R EAWh), KPS
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TKIFAGENH AR u B & REFEAHH], KR Z BN R G5 XA 2 AU LA R ity 14 % BE FEAR [A]
4.3. AHRRA R L wETEsE R BRI E L

25 B A TEAT 2 KL %) R 4 DN R T COP, HIX 4 AN s BI7A E KR FEAS 2 (]
EHE, FTEXH COP #HTEIE. WHEUKIEE S SAMNEBERIB M, KR REFETH L FiL B, %A
FHBRIENSESEHEESHLHE 11 A1 H 180 RAIER A 16, Fiit i 8 H A R AE 0%~25%-
25%~50%- 50%~75%- 75%~100%7;BL PN [T 3 THRERIEFE, 455 WK 5,

Table 5. Average wet bulb temperatures at different load rates

% 5. FRARE FHTHEEA

T A 2R B 0%~25% 25%~50% 50%~75% 75%~100%
IR ERIE 19.9 21.8 25.0 26.9
SEYTERIEE 24.6 27.0 29.4 33.3

FRIEAS ] 1 R BE I VB ERIREE, 458 NIER A INEL, 8 A /KL F g R A H 7K R K
TP o A HIBESERR N B IR B 40%~100%, 7] LATRAL & EEE I & o B & 1 40%- 60%- 80%- 100%
[12]e ZAMNRERNG AN VA ENES H 7KL il SE PR & 1 BRI PR, 25 Rk 6 fios.

Table 6. Cooling tower outlet temperatures at different load rates

#F* 6. TEIARETLEENLKEE

T 45 47 fif 2R 43 B 0%~25% 25%50% 50%~75% 75%~100%

B KR E 23.2 27 30.2
VE: REREBCT AR A EE KIS TR L B ERIRE .

ANTR B g7 2R )78 KK BEAf 8 J5 AR HE IR AT A KL ST 32 40 [X, v /KWLM R 2 fd
S FOR L) COP [13]. AN[R fudar 26 1) FBRIRERRE G, AR XA Z LA 30X, # KA 2 BRI
R it Ze i & FL X B2 COP

WYUK BRIERNIEIT G, L EFn 4 18 CHIEIR K, B F— IRt KR A 18°C/23°C,
AR G KR ZE D 20°C/25°C s AR AR At HKIRE Y 18°C/13°C, IR 45t H KR
N 16°C/1°Co HRHE IR H 7KIRLEE J M R il 20 5 FOXT L) COP. % J7 20T B A7 A T 1T Re 28 b DL ] 2.

BT 2R AR Ak B S B AR ERIR AR L, SAMFIRERIR AR, WAL, AHEAHIK
RELF, AHKBEAKRENS, HUHR COP ETb, [ IFEAR. AT 08 KL 37.5%~62.5%8 7 fifat
X 1) ) R A LU A Ak T 1 B T 2 e v B, AR A7 £ X 1) ) COP B BUIK 32 B2l LA, AR 2K
MRS BTG e S X TR] VR BRI Ay, R LML AT BV SRR T 1T S B Re A b BRIk . T &
2 577 % 3 R SUKIEAE N 18°CIER FH /K EAT He i, 28 — RN E /K IRLEE 20°C , 42 g /KiR B 16°C,
AR KRN 5 /K IR 2 B LA F K KR BE A /0N, HLEH YA SR FE A AR, 78 i g X
IARSAAFAEBUR A B o 15 75%~100%:50 75 Gudar X 18] (14 14 B 4E REFE LR /KT, KIR AR B T
RGN AR, 75 o Gar 26 X TS A b, 1 ) A i e R AR ML AR KU 22 BRALLE = 47 4 28 X (1] _F- ) COP
BEHE . R, fEARGAAXN, BT EI/MNEERRERIK, X1 RRHKEVKEESTE 2. HE3
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Figure 2. COP chart for main mchines and systems at various load rates for each option. (a) Summer cooling chiller COP vs.
hotel load rate; (b) Summer cooling system COP vs. hotel load rate; (c) Winter cooling chiller COP vs. hotel load rate; (d)
Winter cooling system COP vs. hotel load rate

2. ERFRMNARERENRESL COP B, (a) EEFEENSBEERREEIR COP; (b) BEFHISRESHEER
TTEIRL COP; (c) FFHHRENSBEARTEIR COP; (d) FFHIRRGSBEEARTERE COP

4.4. BITREFEE

LEEVR N BT R BUN R SRR, TS R AR ARG (KR KindF) 8760 h [FIZ
Thae, 7. R QG T & PRI R HIAH e FE AR .
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Table 7. Energy consumption analysis of summer cooling operation for 4 scenarios
® 7. A MEREFHLEITRRES

0%~25% 25%~50% 50%~75% 75%~100% R REEE/
i fiif B fiif 3 Bfif i fiif (kW-h)
By HAT 2203 BN /b 1682.00 1063.00 990.00 253.00
7% 1 o A T3 T 28 kW 87.01 160.47 241.62 350.48
77 5 1 #R I3 AAA BEFE/(KW-h) 146345.93 170578.28 239202.66 88672.14 644799.01
T3 % 2 o> AR 3 T2 kW 90.76 165.21 248.92 323.25
T3 5 2 #o3 A BeFE/(kW-h) 152653.43 175621.86 246433.85 81781.80 656490.94
5% 3 Bhor AR ¥ DI 2 kW 82.21 145.38 234.58 327.09
Ji % 3 #4r Sa BERE/(kW-h) 138284.43 154540.73 232231.96 82753.92 607811.04
Ti & 4 By S P TR /AW 87.37 155.49 259.34 395.40
T & 4 {5 54 BERE/(kW-h) 146963.04 165282.98 256747.84 100037.22 669031.08

Table 8. Energy consumption analysis of winter heating operation for 4 scenarios

T 8. 4 M5 REFHIREBITRER D

0%~25% 25%~50% 50%~75% 75%~100% s
i i i VATt EiHe

F 43 HAr 243 B/ NN H/h 602 750 320.5 81.5

J7% 1 B AE S B Nm'/h 61.57 61.57 123.15 123.15

1SR B/Nm? 37065.14 46177.50 39469.58 10036.73 132748.90 Nm®
T3 & 2 Ty A TR AW 84.69 157.09 236.08 310.62
J7 % 2 343 6 Auf BEFE/(KW-h) 50985.68 117821.40 75664.46 25316.10  267787.74 (kW'h)
Ji & 3 # A AT I D) F kW 82.40 146.79 224.69 305.93
7% 3 45 5 fuf BEFE/(KW-h) 49606.75 110099.10 72015.79 24933.96  256655.60 (kW-h)
Ti R 4 5 P D E AW 79.29 147.29 226.98 324.47
75 % 4 4 514 BERE/(kW-h) 47734.42 110469.10 72747.23 26444.61 269395.46 (kW-h)

5. &5t SHER Y
5.1. BEHRNEHE

VIR RIS WAL SR, EEARREATR. 8%, L@h. MR, i TIUK#R,
W E BRI RPARIRNA SRR, IR AT, 22, ARl 9 DU E 25 5 4%
BIACHEAT S [ 14]; £ LINUBEF 7S M8 2000 Jo/m?® #H5;  J THUK 2% LLsebr TRE% N
ZH[15]e K7 BRGNS L LA 3,
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Figure 3. Initial investment for various HVAC cooling and
heating source options (in thousands of RMB)

E 3. EZRIFRBIBEHRMIZE(ATT)

ﬁﬁo}iﬁ i

5.2. BERPRPBLRFETER

T BN R T RRIEAT A, Ge—HE R AR SR S AT 5 I8 4T 2 F G T DL FRLAY 9 0.92 JT/(KW-h),
RIREMBE N 3.9 Jo/m®, BRI 95%). S5RWIK 4 Fi. 4 FF oA kHLAL + oK T &
BAT A B A, FEFEE T A AR ARG TR, U A Z L, KR 2 BLI 24
BAT R &K

BN KIEHRE  KEZENL KRS
+RIK AR . e
2 VA FAUE T 3R

Figure 4. Annual operating costs for various HVAC cooling
and heating source options (in thousands of RMB)

E 4. ERFRBRBHRESITERAT)

5.3. BISEAFERLER
VIR ANIE 4T B FHIX PN Fa bR R R Sk i & 7 R 00— 5 T, $RSREI R Bemi 3 — e dr ik T b5,
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TR % Ty AT S5 2 U LU W] DA FE 2 AR (EE
AT EE TR A

xC +C @)

b 4 N AEE, Tioe:
C, NVIFLTE, JiTt:
i FIZE, B 7%:;
n NBEAEH A (EE), KRB 15 48, FABLAL 20 48, RSB W AIEE . 7K 10 4F;
C HFIBITHRA, Jiot. &S HA IR RANSFHE T H I 9.

Table 9. Dynamic annual cost comparison

9. TSEEBERAN

VESS T2 Ji%3 ES

A HEETTIT) 136.49 126.53 122.76 127.81

5.4. BRATE

B A 25 X3 F B R) T-09 0.7035 kg/(KW+h) [16]. BURSRS A P CO, HEE T 55.54 /T,
FARSHI PG R BERAE A 8500 keal/m*)HX 35544 kI/m® [17]. PIAMEAHIRAT LLiHE B RAR S R E N
1.9741 kg/m® . %25 A BE T RAEIBATHRHRRGE WL 10.

Table 10. Annual operational carbon emissions

# 10. FEEITIRHINEZ

ES! VE Y] EX EX

CO, I HEU/kg 642978.6 537115.4 493129.0 522437.5

ANTE e PR T S0 L BRSO ZE I BOR, 7 %8 3 SERRHEICRE /b, SR AT AR R R R CR
37.93 kg/m®, HUCHTT%R 4. J7FE 2 TIR VEBRIFE RS, FEB TR VAREUHRE, RN
HESCEROROITEG BhAh, R BRHS A i v T A R A 1, (R 5 1 R R M R s T 3 A
Jy

6. 2

B

it

T T T SRR G TR B I A B GRT A R G DX D) ) SR A R A A AT, A
BBt FBATRAE T A T AE SIRHEL 4 N THEHT T BT, SRR,

1) KBEZPHRGEEBITHRALIN 79.5 Jigt, HAKNA + HoKE 5KIERERGTTEIELT
PS8 6.3 F126.2 T30 KIFEZ BN T RGN 2 EORHAFBE 2908 493 Wi, LL@/KHLA + oKl
Ti R EKIEHIE R G5 0)/D 149.85 F1 43.99 M. J7 % 1 RAHBOKEE AT, =02 ARy
RBERY, RIS ber=A M m T RS, U RBrE | BT S Ao a1

2) JKIERE 5 KR Z BN LAR AT SUKPE N RGURIR A IR, R ROKIEHGE RSt COP Fifi 6 fiif 26
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BTy, & & T R XA, H T2 AR R G K N (I AL AE B K AT ) 75% LR
TKIRANIR LN BERL LL B RHITBC £ 5 S S G I _E T+ IO B ARE7E 70 KA o TKIEZ BRHL S XA 2Bk
UL, ZKIEZ BRI SRR A0 B, A AIRCR R T2, MR BHR AR, KIEZBRILARSN
COP & T W% Z WML, 24T 2 F SRR HBCR /N T W 2 BEHL, BT LUKIE 2 VLS & & ARTRC B0 H .
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