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Abstract: It aims to evaluate the technical applicability and economic viability of low — carbon and energy — saving renovation
solutions for existing hotels in cold regions, thereby providing data support for the low — carbon transition of the hotel industry in
these areas. As an example of a four — star hotel in a cold region, seven low — carbon and energy — saving retrofit solutions were
designed (including external wall retrofits, heat source optimization, photovoltaic systems, and various combinations thereof).

Based on the Design Builder software, a building energy consumption model was established and validated. The energy — saving
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rates of the seven low — carbon and energy — savingrenovation solutions were compared. The carbon value calculation was

conducted based on the trading price of carbon emission allowances in the national carbon market, and the static payback period

method was used to analyze the economic viability of the plan. The research results show that the external wall renovation

solution, which uses high — performance thermal insulation mortar to enhance the thermal insulation performance of building

external walls, delivers outstanding economic benefits, with a static payback period of 2. 82 years, an annual carbon reduction

of 1 080.494 tCO,, and annual operating cost savings of 850500 yuan.

Although the " external wall + heat source +

photovoltaic" combined scheme requires the highest investment and has a longer payback period, it achieves the best energy —

saving effect with an energy — saving rate of 27. 11% and high carbon value, showing an annual carbon reduction of 1 648. 053

tCO, and an economic benefit converted to 87800 yuan.
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Table 1 Main building envelope parameters
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Table 2 Parameter settings

W Z02/h BRI E % NRFEER/ % iR/ %
1 10 70
2 10 70
3 10 70
4 10 70
5 10 70
6 10 70
7 30 70
8 30 70
9 30 50
10 30 50
11 30 50
12 30 50
13 30 50
14 30 50
15 50 50
16 50 50
17 60 50
18 90 50 80
19 90 70 80
20 90 70 80
21 90 70 80
22 80 70 80
23 10 70
24 10 70
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Table 3 Annual energy consumption data
% Kl e T WA AL x
HAE/kWh  39.67 815752.63 906 963.31 294 494.57 2 046 236.37 91 923.21
FIRE/Nm® 655 127.93
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Table 4 Energy consumption data after facade retrofit
L3l K ks HRH 1A e WAL #x
H1EE/kWh 32.96 759 623.41 906 963.31 294 494.57 1834 877.43 83 388.17
FHE/Nm® 490 805. 37 — — — — —

i e SRR REFEREAIR 1 25. 08% , il v REAE
FEAR T 6.88% , MHLBEFEREAR T 10.33% , JKARAERE

MR T 9.29% , KAREFE Ny 8 713 812.75 kWh, &
T 17.86% , HARGE 1 Fis,
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Fig.1 Comparison of energy savings before and after retrofitting
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Fig. 2 Energy system optimization model
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Table 5 Energy consumption data after system optimization

%51 W F AL/ kWh W 5 HLAE/kWh
SR 6 453 049. 76 5364 335.29
EHES 815 752. 63 814 979. 68
HE 906 963. 31 906 963. 31
PRSI A 294 494. 57 204 494. 57
AL 2 046 236. 37 2 141 324.25
£ 91 923.21 22 658.73
J=%38 10 608 419. 85 9 544 755. 82
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L=0Q0xSx%x¢ Xe¢,
oy LIDBIRRGAE R, KWhy Q JfsiR}i 4
BEESE, kWh/m?; S RAMFERL, m'; o HobIk
AUFRALRIR, W 21% 5 @, HOBIR R G FR K ALK
R, % .
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Table 6 Factors affecting photovoltaic conversion efficiency

bR & HL . ) PR PE R
wog amge RIS AU g

DIES ) " - BEIEN
BIERE 0.95 0.89 0.93 0.95

2.2.4  HhMEEGE + RIESGE

KA HMEGE + R SGE T A A s,
Mk e, RS HLFE R 7 881 565. 38 kWh, 5l i
I, BTRERN25.7%  TEANEHRE LK 7, RIEH
FERRIR T 37.97% , HIVeHAEREAL T 6.97% , KALAE

FEFFEAIR T 10.33% , KAEREFEFFAR T 9.29% .
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Table 7 Energy consumption data after system optimization

el e AT HLRE/kWh Uit 5 L AE/kWh
b 6 453 049.76 4002 917. 81
v 815 752. 63 758 924. 09
JistL| 906 963. 31 906 963. 31
£ A 14 294 494. 57 294 494. 57
KL 2 046 236. 37 1 834 877.43
EH 91 923.21 83 388. 17
it 10 608 419. 85 7 881 565.38

2.2.5 HhMEEEGE + 061K

KON EE + R A AR, B
BIEESRLE A HLEE R 10 608 419.85 kWh, Pk, %
FAHHE N 8 713 812.79 kWh, J&iR4E kK W &K
149 329. 18 kWh, JESALEAHIEE R 8 565 483.61 kWh,
THEEN 19.27%
2.2.6  AJEHGE +O6IR

KA IR GE + OB R” AAEGERL, s
AR LE S HLEE R 10 608 419.85 kWh, P/,
SR HLEE N 9 544 755.82 kWh, Yo k4 & & h
149 329. 18 kWh, JESALESHIFER 9 395 426,64 kWh,
WHERN 8. 62%
2.2.7 SMEEGE + PIREGE +OBIR

SR “AMEGE + ARGE + OBIRT A O
K, HBUERTRNLEGHFER 10 608 419.85 kWh, piik
J&, BEHUSHFEN 7 881 565. 38 kWh, SGIRAFEAHE RN
149 329. 18 kWh, WIEALZEAHEEN 7 732 236.2 kWh,
TEER KN 27.11% .
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Table 8 Carbon reductions in different scenarios

I Uik 5/ 1CO, IR LW/ I
Iy %— 1 080. 494 57 536. 31
. 1555. 125 82 810. 41
TR 85. 162 4 534. 88
E 3L 1 562. 488 83 202. 47
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VE A 695. 045 37 011. 15
UE S 1 648. 053 87 758. 83
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Table 9 Initial investment and returns of the project

S Edig | B/ oL FEWANGEE e B/ 0 B/ 47
FE— PR+ G T 240 85.05 240 2.82
FTEZ  BRIHATEYLL + LA %60E T 600 52.70 600 11.39
FE=  RAM + R L ET 40 10. 45 40 3.83
FREM  ARERE + RN T + 25 S IERE LA + WL 26 T 840 103. 50 840 8. 12
FRERE PREMR + SRR T + SEIRAME + iR T 280 95. 50 280 2.93
FEN BSRIVATENLLL + HLALLRE0E T + SR A + iR Ze%eitE T 640 63.20 640 10. 13
St ﬁggﬂj;ﬁﬁgﬁﬁé£§%ﬂ?%ﬁmﬁﬂ + HLAL &350 T+ ok 880 113. 95 480 .
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