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Tongji University Master of Engineering Abstract

ABSTRACT

Building energy efficiency is a crucial tool against energy crisis. In China, large
public buildings are important part of energy saving, due to their high energy
consumption and centralized control. In order to collect the real-time energy
consumption data of different systems in these buildings and monitor their energy use,
the sub-metering platform was generalized in our country since 2008.

According to available sub-metering platform, this thesis analyzes the current
status and existing problems of data collection. On the basis of the work about
sub-metering and building energy efficiency diagnosis by scholars at home and
abroad, the model-based and rule-based energy efficicency diagnosis algorithms for
office, marketplace and multi-function building are established. The algorithms can
diagnose the unusual energy use in building operation by week, day and hour. The
measured data is used to verify these algorithms.

Firstly, the characteristics of measured energy data are analyzed and on this
basis the data is classified by meteorological and social parameters. The regression
and specific average method are used to establish the energy prediction models. Then
the model-based diagnosis algorithms are established, which consists of three levels in
diagnosis, i.e., weekly diagnosis, daily diagnosis and hourly diagnosis. In their scopes
of application, the algorithms can give results such as normal, unusually high or
unusually low for diagnosed objects.

Then, for subsystem of air conditioning, which has no prediction models under
present condition, the rule-based algorithms for the cold and heat source, water pump
and terminal units are established by use of a simple load calculation method and
energy efficiency index. These algorithms can diagnose their abnormal states in
operation and give results about their conditions by day and hour. The diagnostic flow
charts are demonstrated in terms of building types and diagnosed objects.

Finally, three buildings’ measured data is used to test the algorithms and the
results show that these diagnosis algorithms can be used in large public buildings and
discover energy waste in time, which provides guidance for energy conservation.

Key Words: building energy efficiency, large public buildings, sub-metering, energy
efficiency diagnosis algorithms
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fEE
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i
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Xf—ASEBR A, a0 RIATERAT n HWIEHE Cxqs xips o005 x5 ¥ (=1,
2, =n), JNZRHERIABA AT RRA
Y1 = Bo + Bix11 + Boxiz + o+ Bpxypy + &
Y2 = Bo + Bixz1 + BaXap + o+ BpXap + & (3. 4)
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5 R PR AN
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rank(X)=p+1<n, RIRTHRERE X F i) BB S Z AR, FEARNADEN KT
R B BN X Tl IRRE .
2) FENLIRZETAA FHEMET 2, B
E(g)=0, i=1, 2, .., n (3.6)

0—27 i=j’ i’ j=17 2’ e n

cov(e; ej)z{o i%i D=1, 2 . (3.7)

RUPDWIMMERA RGw7E, HBEEPLRZHEA R B A U2 0] 2 A SSHY,
AFAERF IR, I HAFIFHRE R
3 BENLRZETURM IS A6, R

{£i~N(0, %), i=1, 2, .., n

£1) €3 .»r & AEIMAL

FERFEARIET, &/ bt E )OI PR IEZS 724, EMRE 3)

FRAL; AR /INEEARIN, R AE XS SRt AT B 25 VEAS 560 A 2 AT X [A) I A4 75 22
ZGE, HAZBOE KL B TR ST i A 520 o

LN MHT RSB EBys Brs s BpWIhTHAT IR H e/ — e fhi it

(3.8)

T y=XB+ e, Frffm/h =Tk, sEIFRSHBy, By -+ B HITHER,
Bis Bar = BB 2T A
QBor Bi» Bar *+» Bp) = s (Vi = Bo = BrXin — BaXiz — =+ = BpXip)® (3.9

EE TN, TR K9 Bes Bro Bas - By MUK AR 4 Bys By s By KRN
—IRAht.

ESCPR BB, FRIEAR RN PN R y S8R, xp, o 2
A L6 R, FERET IAS RO THRT, TRATHIZ T4kl 19 7 Fe 1l A b
ARy 588, xp, 0 x, 2R, FURHRE— L5 v 07 B (R R
B, BRI, 2R PR ARG, B F A A R AT B A g — 4t
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AT AR B 5
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IR 10°CAHT 1S CHE NI s, BIH B RIRAT 10°C R LUK IR TRk 2,
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FEJE BEAEMI TN, 0 75 206 R BT AR (0 2 04T DX, 3K BL DU R (21 g 3
#E, € S A I BUIR e m KE RO P ST, i 7 RPA 5K
ReFHAEE, 2 REETRETS, ME SGZRA AL TH1e 2.

B H B IRAT N1 R 0 K8 1 7775 BRI RIS, (E S 38 S 3 5 B a0 1
AT, ESCPRN ARG RE Y. 4N, BT BIR A H R
B AT BN AR — AR 07 3, XMk B e e B T E BN (A 3R, X
DL AR L ) 2R B0, H R SR R 3a A7 8 BRI (e R A, R BENE
FEUERIRI 041 PTEL, SR RAH S8R B9 br AT A= ) 70, REE X R 7 Hdle
BEAT IEBA 1) 70, AEIS W SR Al LA D BCRe BRSO O X2 T, (3842 B A2
WS R EOR

2) i BAREARRAE

FEAR SR )3 T BEAE TS R (1 e 2 Wi B ik, (el VA T e Y £ 3 9
PRl 0475 5 H R 5 WU K70 T F R ) 328 J) AR R 000 LS o 2 1 o T ol 2 1 LA/
HAh 7 WU AR BRI . A HEE X Ih 2 o R I SRG R 335 FE AIE R g
FETMIAE Y

a) Ja REAE TN AR Y

JA AR 1——4E 2 TR Sl AR A

VAL SR E ST
I
Y = C, + C, X Days + C, X CDH20 (3.13)
i

Y = Cy + C; X Days + C, X CDH20 + C3 X HDH12 (3. 14)
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Y = Cy + C, x Days + C, X HDH12 (3.15)
P 37 -
il 4 2
Y = C, + C, x CDH15 (3.16)
.
Y = C, + C; x CDH15 + C, X HDH10 (3.17)
KR
Y = C, + C; x HDH10 (3.18)

Hor, Y RZIEE Rl NEHRER SR, B KWh;
Days &1 JAM TAEHRE, CLEZEH A0 R AR i,
AN 1,

CDH & i8] il FErT £, BACHC « he XTIPAFIZEE -,
L N /NN FE A R B S T 20°C I, KT 20°C I AR
Pl 1h, FHAGULIRFZE N, 152] CDH20; XFpispidsn, %W
/NI ) A AR FE T 15°C L F T 15°C R LA 1h,
Hoks bR 0, 193] CDHA5;

HDH & Z A MRIEER A, BANC « he XTI AFIZEA S,
% N /I A IR AR T 12°C R, KT 12°C R AL
Ll 1h, FEK LR RN, 3% HDH12; Xridnisn, MiZE W
NI IR 2 AN SR AL T 10°C I, AT 10°C Y B LA 1h,
IR RN, 155 CDH10;

Co~ Civ Cov Ca RMEAHIESAL, HMNGEIEFHEH .

JA TRl AR RS 1 3 T 2 R0 FRRE R 2 U H KRG A3 T, 3 DA H B3R R
PRRIZEAT R TR, SHHIA . SEEERCREE = AT 0 Bl ZR . T; LA
F5 K1) 5 v T S PR A S S N A L CRIR FE R B SE IR, B — AN
ISP 0 R/INRAE — J&] A s FFE AN 2 T FRE R K. 3ok, EERT IR ARIZR G #IA,
H T2 8 AES TRV A O, B — M TAE B KRBy BRI I =15

Rt
JA [ AR 2—— 5 FFEAE v B AR B 1 [l U A Y
TP AREEE B -
Y = Cy + C; X Days + C, X Ey¢ (3.19)
T 7 3
Y = Cy + Cy X Eye (3.20)
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RIBNAFEAY 1 3@ A T a5 B FE AN 2SR B FE BB R T, BR 1 75 4 4
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WW 2 TEMRSE, TEHR L, /REHEO;
Eac & KBS T FH L 70 TRERE, 2479 KWh;
Cov Civ CoafiM[nHS4, HIZEHE A5 H .
R EARE RS 3——4 2= 1 FH FEAE oy B AR B DA A (TR H 54K 8 H 4391
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Hrp, Y XTI R BAEE, #4079 KWh;
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