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Abstract

The paper analyses the energy-saving design standards of public buildings and Shanghai’s ultra-low
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energy consumption technology guideline specification, and selects the envelope structure insulation
materials that meet Shanghai’s ultra-low energy consumption technology guideline specification. In
order to carry out building energy-saving design for university teaching buildings in hot summer and
cold winter areas, DeST-C software is used to simulate the energy consumption of each scheme, and
the envelope structure construction that meets the standard of Shanghai’s ultra-low-energy-con-
sumption technology guideline is selected. Through the method of orthogonal test extreme difference
analysis and comparison based on the results of its simulation, the best scheme of the envelope struc-
ture is concluded: the thickness of the external wall insulation layer is selected as 50 mm PF boards,
the thickness of the roof insulation layer is selected as 60 mm PF boards, and the external windows
are selected as vacuum-coated composite insulating glass. It provides an important reference value
for the economic and energy-saving aspects of the energy-saving design of the teaching building under
the specification of Shanghai’s ultra-low-energy-consumption technology guideline.
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Figure 1. Campus green building content
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B P E IR AW, AL AURE K . 2021 AL, SFARESR T S
20%, % 2020 EHIK 13%. 5 2022 4 FHAE TR EG T AMR[3], EILE E5K 3013 fr. i
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fIFR CAILEEF) ). MHTTRE, 2012 F Bl & 17 CEilgm AL 3 s it briE) (DGJ08-107-
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Table 1. Basic building information
=1 EFERER

PN » R TH TR (m?) EH
FEFE TR (m?) 14237.76 177426 4
LR A
NI 018  REEM(M?) KGR R B AT AR G 455 4 T Tt A T R
25 (m) 4.45 2027.02 1026.95 1660.46 1136.59 224753
e A ARANE AR AN AR VY & 7 T AR LA AR
ER e 0.24 120.96 1175.77 30.96 594.24
57 Tn) e i L 0.10 0.41 0.03 0.21
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Figure 2. Building model schematic
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Table 2. Construction of the envelope when energy saving is not considered

2. REETREFMEIRSEEE

B4 45 4 B AR (mm) FEH R HIWI(m?-K)
A 20 JKYERPIE + 200 MIZE BN STREE L + 20 KIERP I 0.813
AhE il 6 1 E BT 5.7

40 FATRIEEE +10 FRIDH +20 AKURIDHE + 30 MURIRIEEL +120 4075

I VREEL + 20 ZKYERDY

2.861

N TR RARNRERE, IR FHAT R . BRI A AR EAMER, SRS ik
BB A AT R A . 8L DeST-C HEAT REABBLILL, 18 BNZEFUA A F IR R s, WK 3 pr
o

SEENTRAE
AR (W) e— T (W)

3000

2000

1000

W

=
-1000

-2000

-3000

-4000

/1 2/1 3/1 4/1 5/1 6/1 7/1 8/1 9/1 10/1 11/1 12/1

Figure 3. Building hourly cooling and heating loads throughout the year
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Table 3. Air conditioning load data
=3 RAGERIE

RSN 12108.48 m?
KB P NIIHTe-:s 978.71 kg/h AERIHINE = 181910.63 kg
A BT AR fur 813268.97 kW-h A B A S A 849235.56 kW-h
SER KSR 160.80 W/m? SRR KA TR bR 299.21 W/m?
AR RIME IR AR 80.83 g/h/m? A ETH IR E AR AR 15.02 kg/m?
A BT A TR AR 66.88 kW-h/m?2 AAE B A A TR AR 70.07 KW-h/m?2
RIEZE IS AT FE bR 18.88 W/m? TR A TR bR 15.25 W/m?
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Figure 4. Cumulative annual cooling and heating load of building roofs with different thicknesses of insulation materials
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Table 4. Heat transfer coefficients of building roofs with different thicknesses of each insulation material

4 BREMHTEEE TERAERERRY

—_— %1 (mm)

PRI PTRY 0 10 20 30 40 50 60 70 80
PF 2.861 1.351 0.864 0.635 0.502 0.415 0.354 0.309 0.273
AR 2.861 1.743 1.214 0.931 0.741 0.635 0.548 0.482 0.43

HA LR 2.861 0.354 0.188 0.128 0.097 0.078 0.065 0.056 0.049
EPS 2.861 1.724 1.195 0.915 0.731 0.623 0.537 0.472 0.421
XPS 2.861 1.522 1.01 0.755 0.603 0.502 0.43 0.376 0.334

T, RN RIEEBIRRERE) VST, SO IR IR SRH(PF) . M SR AR EPS (033 4%+
039 k). FFITEIR LIRmIIARTERH(XPS). HAgHM . A iR L& N 40y 24.9. 405, 31.2.
4.3, 41.6mm. LA 4, MIREZ RN 30 mm i, (REMERRIEAN L (AILEHT) BiHhRiEr
REORAE 1.0, Hrb PRGBS GANGHEE (LIEBIKREFE) IRAE 0.72. U{RIRJZ BN 50 mm B, R
BRI AL I R B0 (LRI RERE) PRAE.
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Figure 5. Cumulative annual cooling and heating load of the external walls of buildings with different thicknesses of insulation
materials
5. ZRBMRAEEE TEFIMESERIDSH AT

TRl =R I, HArsE B iZ Do, HIg s B2, il mRIRzn, prd
PRI AT AT T 2B PRAG, A s A AR BRI B R K, S ORIRR RS 10 mm i, LR 4

DOI: 10.12677/mos.2024.135461 5100 e RSE TR


https://doi.org/10.12677/mos.2024.135461

EHE %

AR ) FA AT RN 754239.41 KW-ho  FHARDRIEATEL A7 A FRARIR B2 MK 2 /N3 il 2 PF. XPS. EPS.
ERA . 2> B AR 793230.47. 796424.7. 799679.1. 799956.1 KW-h.
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Table 5. Heat transfer coefficients of external walls of buildings with different thicknesses of insulation materials

5. BEREMBTEERE TEIMEE AR

[T R )
10 20 30 40 50 60 70 80
PF 0.799 0.599 0.48 0.4 0.343 0.3 0.267 0.24 0.218
HRER 0.799 0.666 0.571 0.5 0.444 0.4 0.363 0.333 0.308
HALHI 0799 0.267 0.16 0.114 0.089 0.073 0.062 0.053 0.047
EPS 0.799 0.663 0.567 0.495 0.439 0.395 0.358 0.328 0.303
XPS 0.799 0.631 0.521 0.444 0.387 0.343 0.308 0.279 0.255

WR4EE 5, 7R 2 EIRARRERE) JMEFE R R ERAE 0.45 MIRYE N, okt m VR AR S EH(PF) . 55
ST EPS (033 4. 039 21) B RK LMK MR (XPS) . H M AL /N E 730
23.1, 38.2. 28.9. 3.9. 38.9mm. M{RIEM KRN 40 mm B, B BT ER

LE LT, AR EA LA, WA B AT A AT XPS. EPS. PR ARHIE R 5 35 P AIC,
PRBRCR G, B A RTHA S M T oA ARIRAR S5 35 42 . 10 EPS PRURAR R A AR 14 #6245
FHALL, EPS HR ARIEBCR R I T A AR, (R A AR I KRR, B KN A, 1T EPS AR T K S
B1. XPS #F PF AR il AR AR L EPS FUA MR AT, 7245678 B IR IR RO AN KL OL T, 18 XPS
5 PF PR ERIEA BHECN A 1d
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e

Table 6. Glass selection under Shanghai Ultra-low Energy Building Technical Guidelines
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Figure 6. Cooling and heating load of each glass under the Technical Guidelines of
Shanghai Ultra-low Energy Consumption Building
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i R T E AR IIX, R R B IEAME . SME . RIATTREE RSN, BT BBt
MR BHIT S 55 2235 AR FURT 8], ARV iU IX (R 2R BON S SRR FE RO RE AR Ko PRI B AE AN 502 i
PR OL R X SR FUREAT IR A B vt o X T B HWIXTIT 5, R 170 AT G 1) 2 31 PRV [ 7 o 8 8 i
HAMERR e R 1 b T A H R A, AT RABE U R AR, 1T 2R 7 1) SR 3 3 AR FH PR35
1[9].

3. S

FIRBEFERIUR T A DR AT . B, Tt RS REM 25, IEREER TR
Ji%o

EEHUTT RE UG A R 2 B — BT B B NPV A PR AO4R AR[10]-[12], I TS AR R 5 J7
BTk

GEai R/, R LE(1)~(4)
NPV =R-1 @)
R =AQx0.67x(P/A/i,n) )
NPVR = NPV/I 3)
ANPVR = ANPV /Al @)

Horp a0k R AT RBIR AR IME,  J0/m?;

AQ NEUEE T MFFEHLE, KW-h/m?;

| AT ROA ;g N =R R LAY, D RS AR AN, I 0.67 kW:-h; (P/A, i, n) Ay
EEPUERE, | BRATRB R EEH 6%, n HL 25 4

LT EASE G RECH 12.78335.

IR A ARG H (1] TE, B AR M X R ORIR AR E E 0~60 mm & B2 H] I8 B s 1T Re e .
PR AR SC SR T R SE 7E 60 mm SR I ARIRAT R, X oMk Al R TEEAT 1 45 66 2R 519 BUAEL I 40 57 R0 W7 o
7, K8 MERTHMNERM R AT ST R .
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Table 7. Economical insulation exterior wall materials at a thickness of 60 mm
Fz 7. 60 mm EE T &REIMEMRIEF T

60 mm {RiE A K} NPVR NPV/TG 8/ 0aEIbH LRI WHER
PF 1R 0.776 136128.7 332575.6 55 3.15%

F R 0.869 168942.2 194,289 32 2.55%

U IAR -0.615 —993914.6 1,615,027 266 4.36%

EPS 1R 0.678 148488.3 218392.9 35.97 2.57%
XPS R 0.9754 203340.1 208557.1 34.35 2.89%

WRIER PSS, B 7 AR ARG DUE N B AL, HABRDR R BLE S N IR, IR
FAZ B R R HR R 1T 20 BRI AU AS

Table 8. Economical insulation exterior wall materials at a thickness of 60 mm

7 8.60 mm BE T X {REEEMEIEZF M

60 mm FRIEM K NPVR NPV/7T BT HAR TG peE
PF # 3.336 567564.2 158133.2 416 4.81%

F R 4.095 498110.5 121,641 32 4.35%
UEIAR -0.221 —223579.0 1,011,140 266 5.53%

EPS % 3.557 486421.5 136,732 35.97 4.37%
XPS % 4.062 530422.5 130,574 34.35 4.64%

R7, e, RIS IMERCREAET R R BRI AT . 5, BEAHESE 7~9 A 1~3
HNAER, EHAR A RERERCR, (HIEFR AT R AH A, BrUAR A A5, T RER 52T
BUhe R, RIRESTANE BEREIEIL, b DA G0 R SAEAE KIS B ] X .

BT H A BRI IK A T & 5, HRATEARERIORAS, #BUME . 4i& ESCoME R
TRURAT BB BERE AT o 2355 5 BT REFAIF LA, XPS BN PR ARSI 5675 JE A D9 97 454 AP DR 15
it

FEXS XPS 5 PF PR RIRATRI T, 151 7, [ 8 R MRIRRL > HILE 2 1 5 M 5 BE R 5 15 L
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Figure 7. Energy saving rate and net present value of exterior PF and XPS panels
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Figure 8. Energy efficiency and net present value of roofing PF and XPS panels
[E 8. B PF#5 XPS IR TIsER 5% INE

i R PR B BT e Ak, WS EI LR %

(1) XFFHEE PR AREARE, 4R BELE 10~50 mm SEE S, (RBUERFSHE K, HPEEIER 60 mm
I PG

(2) XFTAh5E XPS {RiE A kL, MR EELE 30~60 mm YL E NI, 15 EL(E 2% 02 AR .

(3) TR PF RIEAAL, ¥ HUE N 50~60 mm &I 4 FRARK , 100 BH i 5 5 44k 4388 i A K1) 55

(4) XI TR0 XPS CrRiE Ak, JEFE A 50~60 mm I, 15 ELAE BE TG

MR I a4l e S R AR IR AL BE,  ORAIE TS B P[] I e AR B b P AR AR
IE3ZR G E T

TERE T AME AR R S LA RIS, AT NEMA G R BIE Mm%, HigbKaE
MRS, BT DUR A IE RS AT AR5 . AR R TR AEHE) AUV N R IE A R /N R K iR
X XPS 5 PF {RIEAEH 20T, ERELT PIFPANE R, =R E R GRRA R SRS R . ik 1,
2, 3 =Mk, Widk 9 Fios.

Table 9. Factors-level table

%9 HE-kEER

A7 1 2 3

A P 2 B (L) B A A IR

A 30 mm J& PF i 40 mm J5 PF R 50 mm J% PF
JE={1] 50 mm & PF #i 60 mm & PF #i 60 mm J& XPS #

T ANE BT80N 2, FTCLCRAIH &, BHZRTTRME . BATIEZWME M. TR RTTHE
I J 6 1A e 10 AR ZE 0 11

Table 10. Orthogonal test
#10. EXRR

U] L] @ X1 g FOUE
1 1 1 1 14.76% 1,154,544
2 1 2 3 15.43% 1,240,533
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g
3 2 1 3 15.04% 1,188,985
4 2 2 2 15.92% 1,277,931
5 3 1 2 15.43% 1,229,977
6 3 2 1 16.03% 1,281,056
Table 11. Range analysis
# 11 MES
' 4 JE41A) W
K1 2,395,077 2,435,600 3,573,506
K2 2,466,916 2,429,517 3,799,520
K3 2,511,034 2,507,908 -
K1 1,197,538 1,217,800 1,191,169
K2 1,233,458 1,214,759 1,266,507
K3 1,255,517 1,253,954 -
R 57978.47 39195.56 75338.18
AR d 0.52 0.52 0.71
R’ 42636.85 28824.06 92647.58
KR AR KT 3 2 2
Rl 26 3= 0 wWo> Mg > R

T K Koo Ke ARENRIZR SR T HHEAR AT R 9t 22, RUID5x 45 R s e L -

ERBIMAEIIHME 3 B 2 W 2, WEFREAE MR KIONE Y, HIKRSME, MR/
FRT . SRS RE S 2 B R

4, &g

(1) ARBT AR AT RE Vi B3R, AT REOE S I B bs @ St T ORI AE /0 R E IR, AER RN
MIAEXECLER, SHECRFUA Trig A8, (H G I AR

(2) 255G 5 R A AR BN, B CLEEBIRRERE) DE T A, HaPiE & rhas
PEEAAN P TR BT B 25 A 11.7%H0 10.7%, Hg SV S G 2 PR . AESL @ S A i v
REFEAIRE A K -

(3) mALHIE S5 TTHETT 509 50 mm JE PF A4k 60 mm J5 PR A i AN R R A 2 3
e HARFEIRAEFMLL, HATRERILT] 16.14%.

(4) B S5 R & Ro e R ZON SR REFE IO LB 2 O & > S > R

ARSI ARBARE AT T REFER TR R 04, 5 T BARKITTRET K. HIfe AW FU e Xt i
BEFE I T IR HIR IS B A

SE

[1] e N RILAEAE 55 A 2 5. AR 2 @i TER (“HIUF R R S a5 R BRI 1
JESI[EB/OL].
https://www.mohurd.gov.cn/gongkai/zhengce/zhengcefilelib/202203/20220311 765109.html, 2022-03-11.

[2] AR NERILFIE A de N RBUM E B T]. BE MR TR (RERRKRERATHRRE R E) HiE
ZN[EB/OL]. http://www.gov.cn/zhengce/zhengeeku/2022-11/09/content_5725566.htm, 2022-10-26.

[3] " ANRILFEHKE . 2022 F2EHHE IR RS AR [EB/OL].
http://www.moe.gov.cn/jyb_sjzl/sjzl fztjgh/202307/t20230705 1067278.html, 2023-07-05.

DOI: 10.12677/mos.2024.135461 5105 e RSE TR


https://doi.org/10.12677/mos.2024.135461
https://www.mohurd.gov.cn/gongkai/zhengce/zhengcefilelib/202203/20220311_765109.html
http://www.gov.cn/zhengce/zhengceku/2022-11/09/content_5725566.htm
http://www.moe.gov.cn/jyb_sjzl/sjzl_fztjgb/202307/t20230705_1067278.html

H
Ef
W
48

(4]

(5]

(6]

(7]

(8]
(9]

[10]
[11]

[12]
[13]

WAER, P, G1%, T3 BT R s R F L Re U BT 9] AR, 2022, 13(5): 35-
41.

T, W, PR, X TSR X A S5 T R CUE o T [9]. T PH R 2 R (8 AR E R,
2017, 33(3): 497-505.

BTG, TREN. FEAHLIX mR 2k B P G M AR A O T —— DL 22 M DI R 2 HE S B A A I [0). 7
GRFABHRFE R (E AR 2ERR), 2012, 44(5): 651-656.

AT, W, BREFE, K. B X ORISR A I RIRE R AT 0], RERR 3hiE R, 2018, 37(6): 1829-
1835.

FHIT S, AN, 3558, B AKX A0 0 H 5 e S RE RO SE A [J]. B4 3 5 @ 517 RE, 2009(5): 48-50.
TRRE, TAME, MR B I X AMEERH X 2 BT REFE KRG RUR MR AT [J]. BRI, 2011, 27(4): 75-
79, 83.

MRerie, AEININ, Zefide, FERER. BEA R @SSR E B AL R s HE R 2 A [3]. BlAEiR 5 TR, 2022,
22(13): 5374-5380.

WHE, MK, T2, TR A BFIMEEMEEE R 7). BB &SR, 2020, 47(7): 143-
146, 151.

XNEBH, X, JEF 27 ay A BEE IO B A T AE S P G W [J]. 234 5F, 2009(3): 58-61.
FEALRME, TR, M. B AKX G @5 F el o dr 0], 280 TR 2224 (H AR BHERR), 2023,
43(1): 52-59.

DOI: 10.12677/mo0s.2024.135461 5106 jé

m

5


https://doi.org/10.12677/mos.2024.135461

	上海超低能耗导则下高校教学楼的设计对能耗经济性的影响
	摘  要
	关键词
	Impact of the Design of University Teaching Buildings on Energy Economy under the Shanghai Ultra-Low Energy Consumption Guidelines
	Abstract
	Keywords
	1. 研究现状与参考规范
	1.1. 现状分析
	1.2. 参考的基本规范

	2. 教学楼建筑节能改造分析
	2.1. 案例概况
	2.2. 屋面节能改造分析
	2.3. 外墙节能改造分析
	2.4. 外窗节能改造分析

	3. 经济性分析
	正交试验极差分析

	4. 结论
	参考文献

