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ABSTRACT

In order to achieve the balance of supply and demand of the power grid, the
traditional methods mainly start from the supply side (power grid side), including the
establishment of a peak-regulating power plant and energy storage power station. The
peak-adjusting plant is enabled during the peak load, and the corresponding equipment
capacity is turned off during valley load period. In some extreme situations, the power
is limited by the means of black-out and orderly power. Generally, due to the large
investment and lower operational hours, the peak- regulating plant has very lower
energy efficiency and economical profits. It is difficult to ensure the stability of energy
supply for the user. Demand Response (DR) aims of the demand side (Users side), and
uses the electricity flexibility resources on the demand side to reduce peak load and
balance the grid. DR improves the overall operating efficiency of the power grid and
allows the large-scale renewable energy integrated into the grid.

Demand-side electricity flexibility resources are the basis for DR, and only
buildings with electricity flexibility can involve in demand response. Thus, the
quantification of building electricity demand flexibility is very important for DR.
Building stakeholders can achieve better management and control when they know the
building's flexibility ability. Building electricity flexibility refers to the ability to
increase or decrease building’s power load while meeting the occupants’ comfort and
needs, and it is an important tradable resource. The electricity flexibility of buildings
mainly comes from two aspects. On the one hand, it comes from the comfort range of
building thermal environment, mainly based on the thermal control of air conditioning
system; on the other hand, it comes from non-thermal environment control including
direct power control equipment and energy storage systems, etc.

The electricity usage is complex in buildings so that various factors have an impact
on the building’s electricity flexibility. These factors include the physical structure of
the building, the characteristics of the building energy system, the energy storage
system, and the differences in people's comfort requirements. With the development of
the Grid-interactive building, the research on the flexibility resources of the building
side has more practical needs. Currently, the quantitative method of building electricity

demand flexibility is lack, and there is no general quantitative method. Under different
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thermal environments control, there is no accurate mathematical description of the
transmission process of building electricity demand flexibility. Only some pilot studies
provide flexibility results of building through experiment test or real project data
analysis. These methods are not applicable to most conventional buildings and design
phase buildings. It is not practical to measure each building, especially on city scale. If
we can establish a theoretical quantification model of demand flexibility by using the
basic thermophysical and system parameters, a general quantification model can be
built, and this can apply to not only existing buildings but also design phase buildings.
This dissertation starts from the coupling relationship between the flexibility of
building thermal environment and the flexibility of building electricity demand. By
studying the flexibility transfer mechanism, the flexibility quantification models of the
building of each subsystem are established, and the theoretical quantification model of
the flexibility demand of a whole building is formulated.

The subject of this dissertation is on office buildings and residential buildings, but
this methodology is equally applicable to other types of buildings. The quantification
objects of building include the internal thermal mass, HVAC system, energy storage,
household electrical equipment and occupant behaviors. The main contents of the
research include the following aspects: Firstly, establish the theoretical quantification
models for building subsystem and the whole building; secondly, the experimental and
simulation verification analysis of each quantification models; then, optimize the DR
control strategies by utilizing the flexibility characteristics; finally, the building
flexibility evaluation method is established, which can be used as the method to
evaluate the flexibility performance of a grid-interactive building in the future. The
detailed contents of each part list bellow.

1) This study established the theoretical quantification models of electricity
flexibility of different subsystems related to thermal environment and non-thermal
environment. For the household electrical equipment, the concept of "time window"
and "work window" are proposed in this dissertation. In the analysis of thermal
environment flexibility resources, the conversion formula from thermo-elasticity to
electricity flexibility is proposed. When calculating the cooling load of conditioning
cooling, the corresponding cooling load factor is considered. For the irregular internal
thermal mass, this paper applies the “equivalent area method” to accurately quantify.
Finally, the whole building’s flexibility quantification process of two typical buildings
were given.

VI
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2) In this study, four types of building thermal mass scenarios and three room
temperature reset schemes were set up for experimental analysis, and the electricity
flexibility curves of internal thermal mass, HVAC and thermal energy storage were
obtained under the corresponding experimental conditions. The experimental results
are compared to verify the accuracy of the theoretical quantification model, and the
method of correcting the heat release rate in the initial phase is proposed. In addition,
the quantification theoretical model and building electricity flexibility are verified and
analyzed by establishing a building system based on the Modelica modeling language
on Dymola platform.

3) Based on the accurate quantification of different flexibility sources of buildings,
combined with the current control technologies of building demand response, three
optimization objectives of “maximizing load reduction”, “maximizing economic
benefits” and “stable load reduction and recovery” are studied. With the real case of a
residential buildings and an office building, this dissertation analyzes the peak load
reduction and profits under different scenarios, and then gives the recommended control
strategies for demand response under different scenarios.

4) From the perspectives of flexibility capacity, duration, and efficiency, five
different evaluation indicators are proposed, and these indicators are used to analyze
the current status of existing building’s electricity flexibility in China. By establishing
a benchmark building flexibility model, a scoring method is proposed, which includes
different ratings. Using the proposed flexibility evaluation method, the requirement of
building’s flexibility and the improvement of existing building needs will be analyzed.

This dissertation establishes a systematic model to quantify the electricity
flexibility, which is to achieve innovative research study in the electricity flexibility
quantification field, and provide theoretical and technical support for the building
demand response, the development of smart grid and grid-interactive building.

Key Words: electricity flexibility; building thermal inertia; air conditioning system

flexibility; demand response strategies; demand flexibility evaluation
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SERH UG O T A BEXT B ) 75 SRS AT B4k, BARREE S — e R T Hh
PEAeFzhl,  EXE DA 210 .

AP AR BE YR PR A g DL R B 2 A B SO EERAL T M R P O R
N TR ASE - [ 5 ke R L )t SR 7 R 2 X L P P 447 [ g o 75 SRR i 12 PR S Joid 2



[FIGF RS S AR S0 R SRR SR L A A ) 7 SRS ) B A S VAN T it

XTI AT A E O , SRIX — O B SRR A B A R SRR SO
5 SR L 1) 5 AR
1.1.3 BIHEESUEN IR 2

EEXT @B e B SR BT E N R 2 (AL@ES R R IR E GB
50189-2015) LAK (LREaZSFIFNbriE GB/T 50378-2014) 25, ALV
TV AH e o SRTAT, S TAE SR B S S RE IS, B ARL AN 1T e A2 A I TR & 1
NAERRE, BT — B IEIS R AR R LR R e B —FER . SR, 4R N
etk RE A B RTRE, RS KIL, RIFEAE = — R A, KAETEHRPIR
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REfE PR AL R SR SRR [37]. I AR E B, 7 PIM Wil i H 4
ARGE A LR 2] 100 LI EHR [39]. BRI R FTRE 7R 1A ST H AR
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[42], (HEG|E R D) 7 RV AR MR AL
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SRS e DhRE B L 75 SRSV R o 6T RE R S PR T ik 2 T = A
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P——ig&Z M A, W;
X—&HZTERE, NTHRERESLTERREX =0;
twork— BRI TAERHS, h;
twindgow W A& 1, h;
teartiest—— WCATAEIN [A] B 11 N GRS 5 5 58 AT 55 I B, s
tiatese—— WO LE I TA] B 1 N e MR S AR 55 5 B, he

242 PHREERRS

N RAL T L, A BER R RG] TR, 25 A0 U REYR
RGLRENS 5 L I R I R RIS AR, REWS s SR B3 I iR 95 (571 A K
RETR A4 LB RARRERE R ST (140 H A A R BRI AT 78 TR IR LB AR T D
A RS (CCHP) L n] A REVR K HL R G55

XA R R S, CCHP SEHL 1 BEIRMIBE A A, B T m i ae s Al
FIZCR[58, 591 “ DAHGE R A “LLHLESR” Ny CCHP R G AR A IZ AT,
“UARRGE HL” RENS B KRR BE MR FHLAL AR AR, DRI Sl R e ) v BBV A . {H
AT RGUR A TUR I RS, IR E EMBERA IS T, Habid
REATIR PR . VUt I H AT 240 CCHP R4 2 4% “ LI EM” 247, s ffine
IKFEEEAT 2 AR BUINRE[60] . AEIREIMIR SR F, X223 | CCHP R4t
SR UL, HSEIFE X HL R L T B A, 45 CCHP R 4t A AN BORU A 228
7w, Hoy “DIRGER” MR, Xk, TRtk F, SRt
PEAMEEAT 8

PR EEREASG, Ko HARERG I EREIER, BA A
€ HAETHEB IO SR, FLRE S SR ri /B b A A i ME o 31— 2824, 72
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RE Ry U IR 300, J TOUARCBH RE AR 42 N D/l 17 Sl S0 FL I ) ARG 00 21 U PR PR
BN T AR T, B 2R A AR YR A E R AR AR A FE R, RTRES]
2 L R AR R B AN REE . e o3 T AR REVRAS REVR s e SRR T &, ™
R, ST 70 A1 R BH AES5 ] 42 18] @ G RE IR R A H i S AL 7 H 7 58
VEAFAE 2 Ml EEAEA P RERRRE SN SR [32], WA SO AMECEA 13+t
W, AR LA BE RGO KR/ M. SEBr b, KBARESS Gk ReSHETt, Aeis
NEEFIR M E 2 M REIR AL R T REVE, Dy A AU SR KK I T 11 [61] 0

X T 2% S ik i HL Tt AR B B ST S AR PR e R 1Y) L Bl IR A i B AR Y i g
PEWR[62]. JT HIEAT BE RGP HIIK 755K, il RE LI AE FL I m DRk (10 T 50 ] Vg g
PLACHE AT TN R[63, 64]. 2K ik AE FLit ARSI I 7o i R 1) 5 B 4
| SE ISR L, IO SRS 3P B, s PR AL 2 3T

Foa(t) = X(£)(SOCipn; — SOC)E qp /At tEty (2-4)
-1 t € tcharging

Xt={ 2-5

( ) 1 te tdischarging ( )

A X—— BRI TARRAS, W TA TAER X = 0;
SOC;—— WA AT HURAS, NI & G A THEER 7, %;
SOC,,—— W 0] Bt g Jo B AT HUIRZS %
Ecop—HIBHIHUE R &, Wh, HESHFE L,
AR, HZNRERBIRE, 7 HERES BMNEE (V2G) BRI L 47 1
T ML BT A 65]. X T HENIRAE, HoR A R AR AERE], NI SEIR
TR R, G SRR DALE S SR T AT R AT O, DRI R A A H
PIM EETZSANEXT V2G AT T AT 9, i Xy L sh iR 42 e JBORAT )
EI, BRI BRI AR RE 1S B R ZI$100 (B4R [39].

2.5 BRAMERB NFRBEEUARENET

B T AR SR RO SRS A L R 5 AR
HRAG N MRS 50, MBI L 23 N5, LU A
SEARHUE AR . B AN A5 R G0 R A AR R S T R R AL
Tt

FEXSFAFR BRI By S B L BT SR e B T 0 AR
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1) 78 75 8] 15 SR G FE T, BB P R N 3 58 HL A5 N &8 VIR S5 = N IR
FEARSE

2) ZESHMERENERE, AUF B AME AL R E AR YR A R R

3) A AT G IR VY 2°C, EDM 24°CE N 26°C, HEAITN
BT b 1) B e v AN 28°C .

2.5.1 BIAEREAIK

LA R PR BRI G50 K K RS, T I
B —E G, R B SIRL—E B b ibE . 1o ek
BRERENEARE LHEAIET AR, ARFERE. SRR, E5ERMRE
DL 2 PRI 2K[20].

THEE AR L 75 SR 1) 7 9 1T 2 WA N R HA s (R AH St 9212, 66] - 1%
7] R P DR A o 5K L 55 B AR (A — 2P AR ) AR RS 5 A 8 D 8 AR B
SR L AR . BB RRIEE N 26, VILRIEEN to, B SIEIEN te,
ZI R I S I T R e il sk an R K (2-6) ~ (2-9)

at

6T=a@(0<x<6,r>0) (2- 6)
t(x,0) =t,(0 <x <9) 2- 7)
at(x,t) _ )
e 0 (2- 8)
at(x,t)

hl[t(6,T) —t] = A (2- 9)

0x lx=¢
MATEE I 20 21 & Bk 5 B 2 A T P iix — I R & s i #v s | T
G
Qo = pcV(ty — two) (2-10)
KRS SIS R AR R NN EE, RIEFHGr T E4 (2-6) ~
(2-9) K7 E AR EVR AT RAG PG RE B 20 B e, ATAS T ARIN 2 21 2 — I 21 7 X
—rBufLitE Q5 Qo WLLME & W H .

_ _sinul 2sinuq 2 )
Q/Qy= 1 -2 oxp(—p; 2Fo) 2 11)

R — BT tan g = Bi/p,n = 1,2, - BIRFEAH
Fo——{H L%

feib I FLETHS SN 2-10, JRERAEMG A0 2-14 THEZIUE, BIE
AR BRETBCR o AR EE LA_E 0T, 8 AR 0 R SR AN B 05 T 552 SURT RS DY 3
2- 12,
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Frass(t) = ?:1 EiCiTrange/(t *COPyc) (2-12)
Ci = cipiAid; (2-13)
e Bi +C,Bi b _
§i=1-[a +by(1-ea™)]- (=D exp[-Fo- (a3 + D7 (2-14)

X G—BIERLSE, REWENE e, BEp, RMAAN Y EEHR
AR, BT FEAAAAMUETER, HRTRE T E R 2 W 450
2-15; K/ T
Trange—— (BT il B2 BE MR 22, G0y 2-4°C, (HAEA @EH A K
IS, ZERER, HFEE P G ERaeE, C;
E——NEMERIRRE R, FEZBifFoltim, Xt 58 a b ¢
(R A 2 WoCHER[67]
COPy-——= W RG] COP;

X T oK HAETOIRA TN (1) N 3 88 ik, KR AR A Uan =X 2- 15:

— _Mfur -
Afur N PfurLfur (2 15)
A ppy— K ERIEE,  kg/m?;
mfur—_ﬁ/\zlé\%%’ kg;

Leyr——ZFX BB ERSS, ATEZHAEEN—¥, m.
P E PARME Ve . REZZ M BT, RS NS AL T I g st . B
VA AR DT TR, A B PR R 2 (A R I T~ 3 A7 f F DR k[ 68 PRLLE,
TN EE TR B RETE T R R SR IR SR ), 9 A AR B A v A R A AR A )
& PR IIE[54]. HbAh, OIS REE T T K FH 5 S S, AT b
J75 [R) R 74 A7 17 7 3K [69, 7010 FEANFZMAETIE LG DL, 456 BN E Pk i) v
PE, S URE S P AR I ) 2 1 A A RN P RE AN TR AR 1 A B ) 7 A LA
2.5.2 R EHIR
FH BB A R RS P4y, — 040 B0 F F A s IR sk, b3 40 72
0 /NI BT 740 Mrs J3— 800 Skl T 2 H s & oy KA 6%, B 1A
TR IR, TR EE I A T i E 2 AR A, AT A 7
Kk E . WA i T RCRE D 1T DT R B S, T H R 2R
Fapu(t) = APg(t) - Cro/COPy¢ (2-16)
AP (t) = XiZ1 AQs; (2- 17)
X AP, —— H A LIRS ED RN E, R, Bz, B kmTr
WA, SRR ESHEAEIEAQITE I EWT, W;
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Cro——F L& D AERA ffir R4 i, w7 DU I R 5 R 1 i
FEREAG 04 F F By, SR P A PR A BT 43 DA AR S e
J73 AR A B S B TR T A, TR SRS 0 U 25 T
—JERWE G, AT 5 B2 R LVt g R4, MR R Gk
(A ST RAURT S5 SCHR[7 1] R ISR 2-22, e 46 LB 5%
(2-20)~(2-23), HEFF5E LA L.

2.52.1 RERE#&

S L e U B AR IR s I, LA BB 2 oD o ARFE ST B AN A
A, WP R R BN & 3

HART AQs, = koP, (2-18)

KICKT AQs1 = koniny Py (2-19)

s kST BRI PR LR s Gl I A DG SCHRIRIE [53], 78 75 SR . i
U Y S FEL B R BRI 7 o LU IR B 0.8, AR IWTF38 0.2, AL
75 75 >R W L B v S5 L SR B Y 0.4
P—— T HIE, W;
n,——BURAHHFE IR /A, UES R T T AR, H
ny = 1.2, ZEFTFEXSIME, Hn, = 1.0;
n,—— AT BRI ARE, AT A ZFAL, IR B 2R KR, H
n, = 0.5~0.6, A FELFSL, HBn, =0.6~0.8.
2522 A&

A FH Py VB G ] PR BT R o BRI A T I, FL IR . sl e S L
EIHLAFE S NI, s ORI N

AQsz2 = koPenyn /1 (2- 20)

MR AEZEN, MHEZINIEEIMNT, B& B AEER NN
AQs, = koPonyn, (2- 21)

BIRAEESL, MHNPER AR, B RSN E Y
AQs, = koPonyny(1—1) /1 (2- 22)

AN kMBI AT FRREL R, 52 XN HL Bl & BRI S8 i 47 fr o) 2
e 2 b, HR&EERAN Kk, = 1.0, LA AREMUT
A # Bt kg = 0;
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P—— B R/ ZRINE, W;

n——HMHE R, NHEEWIRREFDI R SRR, W
0.7~0.9;

n,—— ML R, & SO HBIHLIN 3 SEFE DI 2 5 Bv i B ok sk
FEDIZRZ W, W TANF B ) 1 £ 8 % T HX 0.15~0.50;

n—— PR, WENHEHBER, —F Y RIBIIHLEEAT
N 80% 4 47

2,523 BIRIGF

PO R I = AN R - T E i gl N Ve = A
AQs 3 = koPnyngng (2-23)
Refr ng—— B HEREE (A RS, — R 05, LB E A L,
2.52.4 BFI%&E

KT THENL L — AR SR TS, IR ANA 2-22, H R28n, F{ER]
MR SEPRIF A E, TSR 1.0, X THE— & &K 0.5~0.9.
2.5.3 FAMEREIR &

Pt BB £ ALHE B RE KA S AR RE I 1A 4%, FLRBE N @A R ER
(RSN AR IS R 7R BSR4 B St o H AT Al B AT IS 22 FLAY
e, fER S IERT, B REKAEREIRER, Wb A fer, SR s
e, fEHRANVER, B TR, AR AR, RemEsiErEE. A
RE TR £ RE B R AL 1) S5 1 V8 e R A B R s IR e, (RIS =5 PR A 1AL IR 22
PR BE RS TAEIAAAE AP Is AT B — MO T RS A LG, ¥ 1t 2
ERERGIRURAE RS EIRE; 7 —FONtRE ARG IR AL 1 fm, RTHIHE
BLELLE, B AL B s . DA REZKFE A0, st Rt Tt

AL, A A H & B R AL I

Frank (t) = Penipter () (2- 24)

RV, AT AN E it RS 3L RS2 L

Ftank(t) = CWQ(Ttank,in - Ttank,out )/(At ’ COPAC) (2' 25)

KA, —— KB, &/ (kg + C);
G— EBRRARAZNI T ERE, kg/s
Ttank,in__% RE/KAA BIAOKIR, C;
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Ttank‘out__%ﬁgﬂ(%g & 7J(7J(¥D%ll ’ 0ny ;H;"E’ f\_/}%%ﬁ)‘( EJ: )
254 FERG

2R ARG S ) B I R AR TR T 4R A RS (Global Temperature
Adjustment, GTA). Tl ¥4 /il #(Pre-cooling/Pre-heating) & Hr X &1 il (Fresh Air
Flow Adjustment). £ /7 &71& 8% 5 B 52 ) # A 585 FEl (Comfort Band) P, i3
VAR L B AESHO @SR U rT I F D R R I B . A R R o
GURELAR s e Y S B L B A DU = R (17, 72): 1) AEREE FH e
A2, HVAC #5485 7 RER 7 @S ST 2) EANEHEME R — &
XEEFE, o BN &R & PR I PiE e, A RETE TS T, HVAC R
25 0 S I O PH BB VA S A (12 I 5 3) HVAC R GEfe 6 77 {8 b \ 31 Gl B
REG, o SLI TRV R P B

VAT R AR E[18, S3VRITRMIA/HIF[73, 7411E ' WL HVAC RS MHEE)
T SR B SRS A V2 B AT X TR SR A IR R UL, AR T Y ERIRE S
TR I B ) R B AR AR T PO IR BE IR, HVAC 177y B8 AH B sk 2L
IR I LM 7, — @R GIFER A THU T, ER T i
2°CHY, HVAC WAH 517 BEGE PR 25%[19]. TR ¥/ HuF )2 70 F H i R I
B e SR B ST T, 6h 2 Y DX AT B E R N, RIS TR, FeK
M J87 S it 7 A58 s 1) 2 PRI B 2 T AEATI R P BE S 4 32 R, 72 75 SR i
NFFUERT, BT S BUAGE AT T 8ANA R, HVAC RGN O B FEKHIA
i HH B A TR SR S R R B 22 () AT B ek B . A N BB R, T EE R
PERET, 5 00 AM JFIRTIA, KZELE 14: 00-17 :00 [R5 KA . REWS /b
80% /e A s PRt ger,  HL&AE SR P & & PEHAR[75].

U R G ) L) R SRS A B 5 PGB A S SR S R .
VARG SE RYE  BE B PR AT S AR B A — e X e ], 7l an /e 2 2,
2 5 (AR N EFIE I R BRAE (Bl 24°C) wE AN EIRME (26°C) B, TR
2t B 5 F FR AR R 08D o B I R T SR AR, AT TR I () F 0 5 SR M X T
NTE HVAC KGR Fifar #04:, €] 2.8 X HVAC RS 13 st 47 17 %147,
BRI B AR & 28 AR A DG R s e ] DU B orb pr iR gk AT s &4k, (H
FLS i A TE S A R AT R R . R4, HVAC RSttt H ik
FLFE K 5 AN AR A B B AR B A7 A PR AR 1 DL S N S R T A B
FR TR TE R, HVAC REMLRE )R R TH B, 2- 26, H[EI %S H M
A% P AR gak s B () st ek v X 2-27 AT
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HVAC R4
e R B

I E AR LB P AR e

[ty | [romsns| O R| s, wa L] [sne (s (e
% O 3 O R 530 | e I I B 0 O (.5

K] 2.8 HVAC R4t I i 4 il =

aVr a .
FHVAC(t) = Fmass(t) + [p tdc Trange + (UA + mca)Tave]/(At ’ COPAC)(Z' 26)

Fuyac(t) = Fayac(t) + Fapu(t) (2-27)

X p——TAESE, kg/m3;
Cq——TRAMH, K/ (kg » C);
V——Z R X B SE, m3;
Uy——5EP S5 NS BB NP IME IR, W/ C;
m——F AR EE, kg/s;
Trange——7 B 73 il B2 P BE MRS,
Tave—— it 5V BERT )5 b3 AR BP0 2, €
Fnass—— B E RARH 580, W s
Fapu——H BB HEA A o i, w, LB 9 2 F B,
FEARTFEB A AMER B OL T, HVAC R0 i 6 5 M X B i 8 oy i 40
PRAt 7O Oy, FLAR I R RSN (AR, LR AU A AR I RCHT R B 28 A
TS M AT E XS . 2 HVAC RELESMERE RS, HllnfgREKAE
I, JCREREHE i BT A R B R IR S B R 3V 70, AR AR H A LA 3K e
77 1A .

255 N1

I RESZ A EER R I SR AR I H 7 O REAT (761 A
TR GE AR R G R ST T A S RE T I R R M . W]
P2 N AR 1A [F) AT RE 2017 R B AR GE ) B SRR AN RE RN . PRI,
A i SR ML H A2 R AR i Y (AT 9 /e AR H BB o B AN R (R T R 2 B

32



552 & )RR AR T

2 L SR, (RIX TR EH P A B 3 R SR KA G SR
A, JEE R, AN —MIRE S AT R RER R R . Fln, 78
WEAE AR, AN R R TR TR, G RAETETR, AN Ak, —Fhes
P H B A (D-TOU) ZAEF A M, — &+ D-TOU A Loy A PYFhE AL
FeE TAEE 88—, M ITAER AR 1), /RET/ER A7) FMREER (A
HO [77]. F 7 2 BT FH BEAT 8 BARE B LS 5, JEH 2 & R F[78-80] .
B 7RSI AL, FEE RN AT AR E R RS, @l X
8, BAFEERET LI AL 30% 3 T4 [81].

ANFIAME AT A9 HA A R B IR EOSCA 5 2938 77 F FH P B0AT R AL 4
B IEHFR A = Fh, DUIAR S R e R @SR, BRI B
IE 5 BT NI 2 SEEL AT (T Re /b, (HAT BRI B 4 b vl v TR SR AL A P
[82]. JEEHEHIH P I EEAT A, AN AT LLASEIL IR AN A 1T 2, b fE R I S
DLRE IR I 75 SR R gV o 78 LEARIR, a5 AR P 78 ) R 104 FH 2% P R s 46 1
REAT N AT ARSI T 2GW FIH B SR fr, X 2GW IS8 N AT ARESE 30 4380, JFH.
TE A AR [P0 b 50T LA 300MW [ L 474, 3% 300MW (1) FEAR AT DARRESE 15
SHEPRL E[37]. BEAL, FHP BT NS 2 BV SE X RIS B . FEAN RS
(G FIERR TR, XS FANS 5 o AT 535 1) 22 (40, 417 X T A [R5
KRR, =1 REFEHI S EE XS L5 50 S K, IRRERE I R EEFN A 5 A5 5
(o AR R SR i — L, [RIRERY, T R 25 SR MR SR B A ) R B i 4T
THA A AE40]. AT AR SR SRR KB, A5 5 FAH X T K R 1
B B R, AR R R DX ) ) 2 PR R X B B R I [83] 25 R AT X L
& s AR AT 25 2K 2- 28

§iCi aVrca )
Fyen = ATexera(Biea "L + 240 + Ug +1hca) /(At - COPac) - (2- 28)

K ATpperq——F P TS IR R TR B B K X TA], 9 a2 S ) A7 IE PEIR X R
24-26°C, #H P BB EIRXIRE N 27°CHF, WAT, e = 1°C HERFSE X
A Lo
FERENEAT B st F A AT B T N, 53— i DA 0 A7 iy R 4 A B2 R AT A
1T R B A R A T 4% R
Fpen =Preai(t) - Ppase(t) (2-29)
T Progqy (6)——24 7 1 FH & ~J 1045 SE B DR 2% 5038 IF ) i o FH P A7 AT
Pyase () —— SR LA RIS 2R, RO ERGUAE W UG oL T d A fr, nlAR$E
P L E AR AT AR 2], — MR T SRR &L (SVR) 1E7
SR 17 it ST A7 A PN o FR V2 AT 2 W SCHR[84] s
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P BT IR TR 2 MR R, LRUnGeVRAN RS . UM HHHSR AL AN 50
KM, JFH, R AT MR FEER . YRR A ENMEZ SR . XA
[7 B S SR P R 32 0 U P R R e AYEE B SR, [RLE, N AT sk ok e A 6wl
CAHEREAL T . NAT VR AR 7 S APR A i) — Pl (HREAE K2R
PEBORAE fe e £ B HUH RE RGP NI HI[85, 861, KiK., AAT XS B 7 /5 Ko
VER)TTIR W] DARE VEAR I . RS B AL Rk

2.6 ZEFRITEWEE

PSRBT A B SRR AT AL R AL, AR, SRR
AL R B (R A% 3 SRR G D) AR AN R R 3R B AR e SR A e v g 3
i RAFEZ S, PO A T LR W SRS i e (B AT i A
SRR P R e RIS B PN S R SR R R T SRCREAT 2R B, RIHET T A
AT AT N (0 RS BT 5, AAESVERT 500 R B R T X 0

2.6.1 BHETER MM

U ST IR E AR E AR SRS, B AT
VOS5 T o A7 AT PTG A% 0 P P T T T 7 11 AR I T R i 75 SR BUAK 5% &
NEPTR . FRE R RIS Bt q R R SR RIN B, — M0 HL I L vy DI B, BT
CLIOSARAT I B o 25 R 2R ST f e 2 A mr e RE I, b - S ar 3 A 52 B B AR IS
(7] K% I T B 11 AT A1), 59 1 75 SR T ¢ A ) S R ) R D 3 o 55075 9 L
2.10.

twindow
twm‘k
backward shifted forward shifted
ty time

B 2. 9 GBI L e Sk A I 1) 5% R on A
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ST FE 8 A6 R T R A SR [ A T30, B
5 AR A TITHAS, s fyore N L= O OF Lyor =

twindow

No yes

| |
ST T o 5 1A 75 P A R LB P RS B (6} = —Fapnclt) — Foun(6)

E]]: (twork,start - td,start) = twork OT (twindow,end -

td,end) = twark

No Yes
F © = {_FHVAC(t) = Fapu(®) = Fpen(t)  t € twork N tg
L = ) Hvact’

emer —Fuvac(t) — Fpen(t) t €ty — (twork N ta)

—Fuvac(t) — Fpen(t) t € others
Fel,nor(t) = M + FapH(t) - FDEh(t) te (td - A) nA
—Fpyac(t) — Fapu(t) — Fpen(t) t€A—-(ANA")
HAA =tg N tyork's A=tq N tyork

FEVH B g WA TR B T AR TR KT, topq WBUEIT ] 80 —Fyyac () AFIE T K&
B Rl R I s o it i, 2 K 227,

K 2. 10 W F R G ik B

FEHMEF RS, HHEBRHEREENE R, EREE DN, K
# AR [a)A] AR R 8. X 5w @SR Bk UL, 5 2R KA B S T i 3R
SR, BT DL R G AT B R PR E b M 5 SR ) B S 2 2 H b FETT S
SBRPEIN, 2 ] LB AR AR S 75 SR IN TR BL PN, B B0 AR IR W) 45 T
IR T, FH RS AR H iR, I SRR R ORIE T R A X NAT A
2.6.2 BHEIF+HHERER G TN

FERRF PN T A#RE R G REW R IIRTH SR R IE, HRE RS AT LA
IKFEIE A RE R G, AT DL LR RE Al A7 A A E L TR, B0 i 25 1T
I H IAERE KA S SUALA R GUNIE, L AEng SR L M3t BRIV At S R gt
RO R, i AR R B R SR A e, L PR B RAR Al D9 BN SR LA
BT . DA WU SRAE A R B R AU1E L T SRR 52 .
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T IEREKAE, SRIETHROAI T .

Folnor(t) — Frgnk(t)  others
Fa(t) =1 _p 2-30
el( ) {_Pchiller When Fel‘nor(t) - Ftank(t) 2 PChilleT ( )
X EMRERE 29, M RN .
Feinor (t) — Fpa (t) others
Fa(t) =1 _p 2-31
et {_Pel,building when Fonor(£) = Fpa(£) = Peypuitaing ( )

X T A B g Re /KA A R RE R R e, ST E TR R .
Fo(t) = {Fel,nor(t) - Fba(t) - Ftank(t) others
e(t) = _Pel,building when Fel,nor(t) - Fba(t) - Ftank(t) > Pel,building

N Y B HSEILER IR B FE 0 A, SAEIREA B L s 40 . —Fh
R BRI A O O, eI AT 32 I R A S SRR, 5 A ek 25k 2
RIN, FHIWRE S A R i T e, B RER AN TERE SRERE AT, iX
PFEPEIR A S BRI o A BB ER B 37 B, Plins BB, s, J
SN YUY RT BEAFAE 22 5% o

(2-32)

2.7 KE /N2

AT SRR FE R EEAT 10, MR FTHANEIE ) B T AR OC K
TERITPIRIE, IRJE XS5 AR BEAT 0 Al . 5 IATE R H A5 oK
PR IE K M v b A CRETR R 8, 5 HVSR I Sk B E s e T P9 v 8 AR
PR s O IEREBL G . NATHBLR ARG 5 AR S 1 3 PR 1T
21 28 G A IR (R B 1 B 70 e SRS, 105 A8 RN S P IR AE EL BT N L
SRR EI, 3BT 8 1B BN E ALY B i

FEARIAIA LI s B A b, 0 T X R B Ay sk AL, AR
R “IRIE A7 ke CTARR R BB, TSR e R AR AR H i
GAF AT AFE IS (8] 5 11 AT S PRI, AT SEIHE 05 . JRAEAS SO P s
— LB LA BB I R B OIS XA REIR R G, A T
oAt A RE FRLHL s s A Uik, T AT AU AR REVR 2 CCHP R 4idh
T HA R GRS .

FERRIASER A TSP BRI M e, SR H 1 AR ) 21 L 758 PR A e fb 22 5K,
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SRR SR ey 87 48 1) R T T P AN B I R A S B, — 2 DL R e s A R
(Smart meter) JyHERl IR ILAL, 53— 2 DATR SR Wi LFR 1 S 47 ] SR W 005 )

B A B R AR E BNk AR B A R ASCR Y DR KR, ARG AT 2K 3R
B LA 2 Y 7 T L5 Open ADR 38 TR SUbR A LA B A [F] g2 B e 8 452 A AR v 1) 61
5, i, 35 B b EE R A BT A @ ks e (Title 24, 2019 Nonresidential
Compliance Manual) XFHEfEAEFE HVAC 245 W ARG U LHEHB RS
Pe 7 SEILFE SRme B F 75 Ak B B ARG B R [16]. X T EAE N, @ E LA
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HAL W) 55 5 V4% DR R 315 AT i 4% S UL FEL X FH LS 5 5 5 A 4% X BB BT i 87
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FE R RO B R, SL B & A PRSI T AR, —Fh s Tk
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AJIE T A5 fef (Adjustable Load, AL & 1 7& AJ PAYE iy R H sy 3 15 A H
R .. EIHAFIERIE AL, —FONANBERT RIS AR b 1) 58 g 1%, 15 B
W NI IR AR s, S R R G e . RIS S AT REAS
H2% IL F1 SL ¥4, (HAEAAFAE AL B4 o Gy AT i 1 IR B 2 1% 47 fof — AN B 2L
HEAE, FTR ARG (ko) FTone METARIFRE, A BRFRHERHES
U i 9 A7 47 PRI L PTTIK 0.8, A R3O 0.2[53] 0 38 %o 2% 1 R 48 47 A 115
BN E VR X SR A IR, B EE A 0.1-0.5 ANEE[19, 26], K H P25 F B,
WAL A B G 67 A BRI L U BE K [23, 7510 AL 2% 75 SR L2 il I, 8725 R A7 faf 1]
WA LR

5.3 BIFF KM IZHIF AR 4B
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GTA RIS % BB IR EE, 75 75 SR Wi LI B P i R il B2 15 Wi 3 AN
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FEAFRIFAAT B, iR 0E AT LUK o AR T 9 U7 SR AN R,
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o B Fa o s 1) B € 1R B2 BD 20 B BN B RIS, A iR 207 20 8Tk il
TR RS, AERUE IR BB T R E, BN 1.5 NS TR 2°C,
W B 5.2 P Wk Re a8 SEIL s AR EE 3 &) BT, FRARH 2 B EF @ PE Y
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s Eige(©)——DR &Ml M@ sisf k& (BRI DR S HlRED, W,

104



%6 B AT REEEPF O TR ST

6.2.4 EEF (Feose)

ST SR P BE B R UL, S R b ) A S Se B A
MG s AT —FEPTIR, TFRM NI H 322 TT A B L5 RME, —
FEAE P E I SR T R LT B, TR TR 2R AR I 40 FH FL A
T e BRI P REAMEE R I &, 7R A7 78 P RIS ZE I T 1 P 28
RN s 75 —330 70 W=k B T 75 sk 2T H 57 fes B #ME , A DS 2Rt T = 1
5.4 /N Foa BT EITIEIR,

Feose =1 — C Eop (6-4)
reference
t
CDR = fod[Pel,DR(t) ' Z(t) - l/J ’ Fuse (t)]dt (6- 5)
t
Creference = Od Pel,reference(t) ' ((t)dt (6- 6)

AF:  Cpr——DRIEHI FWHZE, 7L
Creference——1 AUFH HLIE LT (RIJE DR #5541 F) #a2%, o
Poypr(©)——DR il N &EH L7 ff, Wi
J()——3SERT RS R, Ju/ kWh;
y——DR M, JG/kWh;
tg——ta KN B, h 804 min, HER5

6.2.5 B EIRE (Framp)

AN A EE TR R R AR BT A 20 Ak &, 2 e igf o
P (¥ ) 7 P8 —— M TE I % (Flexibility Ramping Rate)s Fygpmp (W/min), H
TR

E.

pe=T)|

X

el

F(t+At)—F(t)
Famp =——F— (6-7)

s At——1HE IS E ]S, min;
F(t)——Mf1a] ¢ MRS E, Wi
5 T 3ok 2 AT DA s 7 A [ e A Y050 75 SR i) I fik A J () e NS 2 o 0T
T SR e SR A b B L, 45 [R) W A7 gy T Bk ) R T A, TR B ROK,
AR T & PSR S A O BRI, MRS F2, 1520728 0 e B, 75
BUA KIS A, AR SR B B A3 2R A o T LR B, FLARIE
I 2] 5 B PR R e 1R B RE T, R R RO ) 3 TR IR %

105



[FIGF RS S AR S0 R SRR SR L A A ) 7 SRS ) B A S VAN T it

6.3 BEINP NG IEIR T

AL U BRI T 5B A I SRS, 2B RGET TEREA
o L HE RN B RE L MR ARG, A5 T Bl R
LR 5 T R SR RARRS R S B R BRILZ b, &I K
BBATIA —, SRR R, PR R, SRR
AR CE R T FEREAR bR DT . A ARESUREARS , AERAT AT B Y
o SCHRERE D AE RS A N MO RSE , Lh R SR R S (7
BRI R T, LN AR, KRR A ARSI B KR o
AR
6.3.1 BEUNRIBANER

SIS BT BI0 43.2.1 N5, il 6.7 4 BliF RS, H0TR
BRI ORISR, IR 6.1 . ERIERAIGIE, T
FURESE SN Fpmapor BN (R PERIRAORIA (. FRIDET 2 MR T %
ST SR RS, U5 TRk SRR A, ES R

R 6. 1 S HRPEPRNE S A

fi 8] & HKR(W/min) W& B R 48 (W/min) & RE/KFE A S0(W/min)
(min) (Fymapo=1646W) (Frmapo=986W) (Fymapo=2468W)

10 -51.22 -98.6 -9.99

20 -20.59 0 -17.86

30 -9.06 0 -15.75

40 -6.03 0 -7.24

50 -4.70 0 -19.91

60 -3.96 0 -3.97

70 -3.47 0 -11.20

80 -3.11 0 -5.57

90 -2.83 0 -10.88

100 -2.61 0 -10.37

110 -2.42 0 -9.80

120 -2.25 0 -9.10

W& I [B] AOHERS S 38 VAR RE /KA REDS SR LI SR E BE J1 I8 FEAIG, 1o
R RE s ORI AC E FPERE T . BRILZ AN, B o tEiR M e s sabe 5N e T 5K
FEA %, BRI I 75 SR B B 06 42 i 3R A P 8 o DR AN () F 5 SR 7 P
Ko N=2, Akt FRm B (0.5h), FALTR SRR (2h), KRR
(4h) o ARSI/ TR R B TSR b » [RIIN 25 & A Tofik REZK AR 15 DL,

puuig

106



%6 B AT REEEPF O TR ST

ERUIT R 6.20 WERAHEIE Dol A, SRR F R AR R N /5 SR i R 75 H
A, BB R R LN R RGN, AR P R e B

R 6. 2 LAY N U % TS AR bR

ORISR | AR EIR-TOKA | NI A - KA
_ . F, ity = 3093W Feapacity = 5561W
=i =58 Hrﬁ,l W - capacity p y
* Tﬁoﬁi B E, = 0.33 E, = 0.60
491 5 SR Feapacity = 3093W Feapacity = 5561W

F, =0.33 F, =0.60

Feff =0.20 Feff: 0.33
KR SR R Feapacity = 3093W Feapacity = 5561W

F, =0.33 F, =0.60

Feff =0.34 Feff: 0.63

6.3.2 HBEIK PRI RNER-TAMERE RS
SRR R A S TA 19,200m?, 3t 12 2, STFE M CHEA

EEW TR,
6. 3 IR W LN E IR SEEE R
JIRGE 2 HWES
iy AR YL TR JEJE L R SR Eb s
(m?) (m) (kg/m’) | (W/(mK)) | (kJ/(kg:K))
A 4608 0.20 | PRIEAR+KIE 2243 0.8 0.84
P Ht 3072 0.10 7KIE 2243 0.95 0.95
HNEE 3063 0.01 Y3 2500 0.76 0.84
RACHR AR 19200 0.18 FER 2080 1.33 0.97
Irea BRSO | 35265 0.03 | BAWR+4tK 490 0.14 2.26
6.4 MM EITHENSHER
W& R EE =1.2x100 kg
BN AR NS B VAR = 63 kg/m?
WhEEL =0.4
HAKS%
EFBR RALRE =0.14
ANEE R BAE IR = 0.8 W/(m? « C)
X EME =26~28C
AN LK ARG
HEIH 25 = 8 W/m?
HEHBKEER WAERE =13 W/m?
NAEE =5mY A\

107



[FIGF RS S AR S0 R SRR SR L A A ) 7 SRS ) B A S VAN T it

W ERMEEAMEE LS 6.2 THTEIRFRIE S, X ik AR 5 d
TS, HAFIEIRAR W N R IARRBIAERER S, FEAE BRI TSR]
P B R BB RO o BRI TR 16.52% U SON I E Pk b BRI
BT B TR B et e BT S AR BRSO AR ISR, Rl T
50 EEL 1) PAY T e AV, AR LI 1] P ) P e oS S R

K 6.5 JLR TR N R FRERE AR

%’Tb*]t'l‘jaiﬂ, Fcapacity =0.014 kWh/m?

ELANE] B .

SRR F, —_13.65/::

oh HEHE) Forp =16.52%
Frqmp = -433 W/min

DRI, AR S (A XS AS [R] EFK B) 75 SRme S 2R FEAT R T, 53 BT B B ) 3L
R, TR 6.2 NIMAFK AN E PRI AR W, PAHA
SR 0 E PAR R N B B A, B D TR, (R B LR R HUR BILE T AR
63% T IS 8], 703 FH LA P S B A4 R ORI [ 25070 301l 9 1.5h A1 9.1he Z 7
FEIAE 0.5hy 2h F 4h [ 75 SR B A ()~ 2y s M s FH 23R 20 3l A 6.43%, 16.52%
A1 30.58%.

100% L | L | L | L | L | L | L |

80% ~

2R

iy 60%

L ESEDEE

20%

0%

T T T T T T T T T T T T T T
0 200 400 600 800 1000 1200 1400
AJiE] ( min )

B 6. 2 AR AR SRR A T AR BRI 1A] 22 10 5% &

FEEFRAERTE T, IS bn IR AL AR BRI S HCH — M IE )
ﬂ@ml EE B L AR TR PRI A SURAT AR B3R PERE T, AR 2o b
ST T 5 SRR AL BT EOR TR SRR AR AR A R DL, AT A - s

108



%6 B AT REEEPF O TR ST

A SR o AL IR & PR E B2 s @ R ) — N EER R, K63 A
AR B T AR B PR B g AR MR B A MR T R AR . N AT LR
BEE & ARG I, FapEERE 2 m, EEInE— e g G (120kgm?), &
ARG N BT = B R R T I AR B B B . L T LR R R RN BE A & VR A =
I, ERAWAEEMER, IFRYEEANK, FEHREANS NE I EF
HIH

BivAE x Gt E y AL MR R, Bt th 26 IE 15 2] R8I kA
A ZAWEHTEHE: HPAFKABE RS, = [0.03,0.05], WEEALERS
d,, = [0.05,0.4]-

y = (—=5E — 07)x? + (2E — 04)x + 0.0041 (6-8)
' : ' : ' : ' 0.025
00107 o /”_"'_'—. i
i \ T B
E-ww . & 0020 -~
- — N \ r
E 0000 . i £
S 0.020 | N .7 y=0.00412 + 2.00779E-4x - 5.29477E-7x* | §
= R?=0.99332 =
B -0.025 4 a 10.015 =<
! | P S
X -0.030 - y » - 3
2 - ’ : - &
" s —m— el 0.010 =
#H  -0.035 - . -m- BfUEREMNE - He
& . &
-0.040 N - =
] = . 1 0.005
-0.045 RN -
] T - - -n L
-0.050 . . . . . . . . 0.000
0 50 100 150 200

BUEFRERWRE (kg/m?)
K6, 3 &AM R S SRR 1 0% A 2R ]

J5 B AT i B P Y RO, 25 W Z 40 U mT B 0 R s Hb AT IR 15E , T HE
AR v A S R o B A, JE I M B TA H R RE AL B TR ) AR R Y
Pl 6.4 AN [A) A 2 3 B 3 [ T e o A TC I 2 AR A O, R OR IR B T 48 (1) 91
WM RE s Ay R MR RE ST R T, (H R ELLR 525 184 F P i SR AN T8 #RET I8 PR 1 X
&, I IR DR E AP E A HIVOEIAE 2~4°C 2 la]. RSV x 5 AR
ks y NEMERR, WEAWT:

y = 0.006x + 0.002 (6-9)

109



[FIGF RS S AR S0 R SRR SR L A A ) 7 SRS ) B A S VAN T it

0.00 N S N 0.040
~
| - L
0.01 R Y =0.006x+0.002 14 535
4 ~ R=1 |
—~ N
-g -0.02 - S . 10.030
E; -0.03 L0.025
W 004 —m- BRI L0 020
éi ] —m- BEREEE |
~
i -0.05- S ~0.015
ﬁ'|‘ ) > ~ [
nn ~
-0.06 N 10.010
~
] L
-0.07 1 10.005
| i
-0.08 N : —_— 0.000
0 1 2 4 5 6

BANTERREEME (KWh/m?)

AR (°C)

B 6. 4 I PV 5 A R O R it 2

6.3.3 HEIK PR RNER-FRBERS
bR SRR, EARTT I SR E 1K RS

fili RE AR SLRE UG AR I BRI A FH A SR RE /T, KA 06 RIS, RS 755K i
I B, WA RGPV K LA, I = i 2R e i FE L I ok B XUWLRTZK SR
MR TRRER, REGUKFEFEFN 69 m®, KAETERRFH BARAR 588 E#,

JH el ey R I 3R 4T TSR S B B (R 72

nr 073
7 e

PLRXE 2h (/Km0 H BEAT 704, ORI AL, A E A dk A 1R AL,
KFAS L LR B 7 SR A0V BN, R B e AL, RS PSRRI A R
R 6. 6 JUA R R IR HEERE AR

HARPRIE
CFE=Kma 3R 2h 57D

Feapacity = 0.030 kWh/m?
E, =29.85%
Ferr =70.92%

Frqmp =-1388 W/min

XTHER 6.5 WIAN, fERARMERE/KMMIEIE T, BRI ER R 7 EORKE
F+, MWTLfERE RS 0.014 kWh/m? $&FF 2] 0.030 kWh/m?. Rtz 4k, HT7KFE
RGP HIEAANZ B FUE BR A, 3k A AR AR 2 1 R . 7R
Hirh, KAEEERRNRGE 732K/ ST 2%, RN 2 S 30
BERCARI G N, R X AN [R] A 75 SR e ST H 8 S5 S B KA RN

110



556 & IR RINEVEAN I EWT T

6.3.4 B MIEFRSE B

FEFFANERE ST S IR AR R 2, R FUERNRPEVI N, /R EEH N
PR AR GO HAPEIN LRI, 2R & 2N T SR AR RE /7, JE 7R ZE N &%
FIRER R IHNE RS, BIAERE R G5, ORI INAH BRI A [29]. X T A FE K
EIARGERA, HEPERE I RRA R AAR, T 6.5 NEHFIE L &5t
VEZR T AN 2 90 BRR R A, RSP FH ORTAR I e, RREEE HUAS B 1) 54
VEG AR, AR, WE R B fERRETBL S iz Qs #
PERSRACFIRT, BEI 75 20 SR AT 38 2 G R I NS e fE 77, i g in i
L A RESE, IER IR B fERJAPTBL /R INAR R A f# BE R ek
SR, BRI P BT R L BURIE N, R B B = YA as BE B S RE T OB T
BTG, o A it 2 (1 58 k5 RO R SR SO R R R R, 5 A R
FITAED 1 T R C ] m B 521X 50 DA R o =40 H i i ot s R S IS SR
AN K T iad, R—AGTFH . BRI, 3T @50 =, 3k i seE A 2 2 iy,
AR S PR SR A2 IR 2, PRSI S I B A

Pl 2
MRS
R
Fj 2 1] Fias 2%
Bt =
BB —
e ! ! R
0 a b x 100%
AR S L

K 6. 5 UM 5 LR s B A

Ik, BF T SR RE T SR TT 5 A 18] ) Ok 28 BAT AR H BB
FEASFAFATERE 775 BAS i G A LA L, 25 T B i ] =5 K i 82 EA) A S AU BUSR
LTI, 3k B H B HUAEE 2GR SR B 7 3, IR e e 3 A SR b
GHEFPUETEHE, 153 @IHENE RS HEIT R SA .

111



[FIGF RS S AR S0 R SRR SR L A A ) 7 SRS ) B A S VAN T it

RS EA IR A BRI =B, LR R 5 =R R
Y = k4ﬁfxdx-klﬁfxdx-kzjf(kzx-+1n)dx-—k3j:(k3x4-n)dx (6- 10)
A a, b——23 B B R B A R A o L
ki, ky, ks, ky— —HIZ IR, 550hRE SR
m, n— — ¥ Bt I B = At e AR, 5 SR PR R B O
AFTHZEES 6.3.1 FiMHE, EH-FHH B 75 kN 9.3kW, &5,
I B — FIB B 4 A s ST |5 L i a=29%F1 b=48%.
$ETH B I F AR (V) R AR SR B B AN 40, — S0 A BT BB (R W 46
A, H NI YT . AR B T, TR T R R A Rk SR
R A%, S AR IR TS AT 225 SCRR[105, 106]s FEMY B A, s
CAC i T T R S A N B R A KR A 2, RS PTARE SCHR[107]30 47
{5 ERT B =, BB INEREAT H I i Be B e &5, L RRAS Hh 28R4 S
WR[1081HEA Tt 58 . S5 A AR P IRSE PR, SMBURAZS N &,
% 6.7 AFELH FrBUSA T K

TiH AT A (JT/kW)

5 R 4 ) SR B EIES S 400
(rBt—> sYER (10 =D 100
VI T 1500

i & (B —)
RS (0B sYER (10 =D 500
EIE gty 2500

22k bl Z 4, N L
RHAGRAL (W= B (10 £ 1500

B, WA AR T2 B 1 2 F A A R SR R A B SR . AR 1 5k
MR (R T LR ZR W LA 7 JE A OS] R s A CR B % 200411039
5O, BT TR SR BRI E KM AR AE 73 = FE T, R 1 I8 e U
2 36 e U L K [ IR R e o ) R R T SIS 23 il kM 0.30 JT. 0.80 Ttk 2
TGo AN U HE TR A0 T 258 AT ISR, T L 5.4.2 /5.

bt S o B AR 3E N, AE 7R SR S B HR S e 0, W R SRR TS 2
LA S A7 At BRI A 840 o 7 SR B2 I H 4FE 35 2 I B K 2974 20-100 ZNF[109],
R AN [F) 55 SR SN, A SO 2 5 TR R 50 Ik, BRREREE 2 /N,
PR Z B SRR 28, IR RS I R e 1500, 2340 7 N B 6.6 T

112



%6 B AT REEEPF O TR ST

7 B RSAS Bfan H2 B, AEETrRT A HY A S0 i) e R 2 s 5 B 62%
o TRINM P AZRGS MR HSHE L
% 6.8 @HRMI A RIS &S HUE

ZH A
a 0.29
0.48
ky 9.30
ko 37.2
m -10.42
ks 74.40
n -35.71
Ky 33.00
50 L 1 L 1 L 1 L 1 'I
- W - RRANHRZE -
—v— EHZ
40 -
IR 30- L
H-
H 50 L
e |
1
. 1
10 H . .. . -
1
------- =’ !
0 et T T g T g T g
0% 20% 40% 60% 80% 100%
FRINSEME ALY

K 6. 6 iR G A b i o iHh £k

6.4 ETE 184 1FEs 7%

4P B 5 SR A R /N A R R A [ B, AT R T S
R HTARR L B RE 7, T HEAT S bR 45 S e LR B, 75
LI ER B PR A R o VP4 S R AR R B (B AR L A% SRS
MNATH RS TSR, e HREs,

113



[FIGF RS S AR S0 R SRR SR L A A ) 7 SRS ) B A S VAN T it

6.4.1 B EETEMRE
R HU AR 2% ASHRAE 90.1-2010 AERCHRUE T FEAERIRL, L%
BEMER Y R A M R B IR R R S E 45 . HVAC R4,
REVR R4t MR & R E B SE NI CER, G5 KFE AL TE
6.9 i, HARMKERAT S ASHRAE 90.1-2010 FrifE.
F 6.9 GV R K T H B ER

A B
‘ D A AL B U (VAR

BPEH | ) s U . 2R iE R A

O RG0S e

HVAC R4 | @ %40 X Al ScBir i

@ B 30 SN, P2 G 2

© P P FRE UL REEAT TP E 2 JF S

BRG | @ SR 15 S AN 05 R

@ B RS IR HRCRAME T 35 lumens/W

O FHE 5 ] 52T 1

© B ) SR I K T

He

6.4.2 MK ERK

SRR A R R B R R S A FR R R E E H o T, T 6.2
/NI TR H B RIS A BESEAT VAT o 4D AC) R A R DY S [ =5 B e 7 3k 36
Lo 5522 T3 i, AEL DRI ER T ST E) T BR AR SCTaT A o0 A R /N E FE 3R AT PP
e HAt R AW 2, AT S ) SRR MR T R 3, v ER
5 FUAH ], D9 IR T v 5

o o (EPREFUIHE R R o )

0, -
AR X 100% (6-11)

6.4.3 EIEM TSR

JHE AT U % TS R R 2 P B HLRE RS a8 2 [ LA, FF ARk
FEFUNERE JIIFIR o AT ROFESRIE T WS B k. HVAC R4, ATA.
FEL A J ik BE R G 0 T USSR s v AN B O B e B 3, Sl A E 10
BEE RIS R B0 PR 0 SR R, b, 35 [E A VER 556 S LEED X AR FVEAN
WH B TAFRIRE, ARSI EN 0.25 k. BUERIHIE
AR, AEREURIEE . LR T VE R B BT TS 110]. AR 6V
B MR DA I, R, R AT R R Ry, (B
o AR R 2 A PR IR 2 [RI, A SR R A 5 0 A R e A

114



%6 B AT REEEPF O TR ST

HATHAE o JZIRHTIEEF RPN AR EEAI AR S LS W R 6.10, Hont bAs
IR 6.11 LLAR 6.12, J3mlvh 5 M A H BE R AR n E RO E 2, R
wi=[0.12, 0.35, 0.35, 0.18], w»=[0.08, 0.21, 0.22, 0.11, 0.38]

6. 10 EHOHTEF AR RIS X [110]

Fr F (A5 BMLEED
1/9 A Lt B oA HE 2
1/7 A Lt B sRZIA EE
1/5 ALt B AR EE
1/3 A Lt B ff A E 2
1 ALk B FFEHEZE
2 A Lt B Mg E 2
3 ALt B R HE
7 ALl B oI HE
9 A Lt B v E 2L

2,4,6,8,1/2,1/4,1/6,1/8 3Rt Al

R 6. 11 T Santly 1-9 bREEE M BN EEBGERE (N EERERSD)

SRR Al A2 A3 A4
Al 1 13 12 12
A2 3 1 1
A3 2 1 1
A4 2 12 13 1
BiE: AL-NEREPVE; A2-HVAC R4 A3-AITHN; A4-FIHE%

* 6. 12 BT Santly 1-9 bRFEVER R LLRFERE (S iBRE RS

_ V5
Keot = Dj=1 Wik

115

YR Al A2 A3 A4 A5
Al 1 1/3 12 12 1/5
A2 3 1 1 2 12
A3 2 1 1 3 12
A4 2 12 1/3 1 13
A5 5 2 2 3 1
H/iE: ASfERER S, HER -
AP CR A U RO YR T T

(6-12)




[FIGF RS S AR S0 R SRR SR L A A ) 7 SRS ) B A S VAN T it

EFAVE SRR S B REEW TE 6.7 s, EH, EIRSGE KM
B, SRTPEFUHVERE I INA S, B JE B BOUE AT S, BlEa R A
AN e IR R G A R D IR A E SIS ERE ). Bk, 130 SRR
FRORIFARLNE R R, MRIREIY R R DR SRR (3 R BE 01N 1E 2>
JEUE, X RN CAT @SR RE T AT VY, PR IR /N T v 5
VeI, AN
AR

grs PR FERE R T IR SRR, AR R e R L R,
gy, —REFR IR KPR ITIE R S I K 6.13.

A A Sy FEJE

G Infi# R R 5t

6. 7 B CGE R M SRR AR

R 6. 13 HEHER 5150 FIEPE

o
E 0% | 10% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90% | >100%
%
15
0 11 22 35 49 65 82 101 | 123 | 146 172
ﬁj\
G
&3 — 2 R =5
1F (0~3541) (36~82 43 (>83 7))
%

6.5 IR M ST HE seIREFI FH

AR REIRAE AR AR A AT REVR A BRAR AR, LR BRYE . ARG € 25 il PR )
T HOR R o T EEEEOR, HF S PR R J 1K BH REAT XU RERE IS 1 FL R T 4N g
“FE G I TR H 2 R KRR B BE RO B R E = e (R
ZRACATPEAL) BIX[111]. [a)ERPE AT AR REVR 132 N\ 3 B0 X i) ANA g 2 H AT

116



556 & IR RINEVEAN I EWT T

WAFLE R . ARG R B N K Ak AE F vk [112, 113]. B a5 X K
(1 B DR S5 AR A 1) R, R AR AR BT AR T v 55 ) o SR R 8 J I R AR A B 1 A
PUHL YT R, AT S S IR, X2 A BRSBTS
F, 7 75 SR P AR 36T B DX 87 A U BN TR T R g, dd e s FH LV g FRL I 3 B
AR SR 2 0 AT F A BRURAE X N o 7 A AT AR R IR PG R R SR
AT B TR S G R H T AR BRI A LU R R R, B RS
R R LI AT AR R YR DR T R RS B SR AN L % B R ) H D R SR v
7o

A 235 1) L IO R ST 18T [ RARC S T RS L T, i aE AT /N I ORI A A
RUORBK o oK K FE X P 3L 5 SRS PR T 38 e i |, gl 2 5 1 5
(17 F 75 SRS, IR R ARUAR B T BB R 0 s R ) B i fRr 0t A AR AT 3
P 58 78 B A2 T P AR BRI A R I 7 SR [l DR AR A5 R Rl o AR ST DA TE) X mT
FARRIRABERIR PHRE N AT R, B 6.8 25 T XK PH A & H L] 5 R 30
FAPEGE I E R &R o IR SUA B & — 5 HISRYERE 77, T ZE A AT AT 3 1 2
BN EF RS T —EMRrERe S, TN T AR REIR ELN Xo %. 4
AR HL I HH L R R4 A SRR T AT FEAE BRIRET CRIRUA+KPBHBE R L 5 N X %
i, AT ARRRRE ARG E K TR S, T X %<<100%), FEFURRME R 2
LR AR AR TR 1] R

A

SN R R

2% [~

L AT A AR

v

Xo % X %
JRCEE+ R FH B A FRL o5 B

6.8 MUREL+KRH RE A H L A1) 5 3 B0 1 5 1) R 2R T 2

N THETE LR, B, 7 R LR BB Y -
@ AR AL AP P ) 7 SR 2R B T R A £
@ FEHUEHT R A U H K 73%([114];

117



[FIGF RS S AR S0 R SRR SR L A A ) 7 SRS ) B A S VAN T it

@ R BISAAR THER, SR S A 5 LA N F pase = 30%:

@ Tt HAb A A RO AR E AT AR RENE, WK HL BV AN

HEE, Ha = 70% AT H R A ORI T R AR REVR [44] -

FEREAN A BH RELE HL WY FP (10 FL LB RE SO s K P REAE B) BT FE2E e
e A a7 sl [ N A

8760 .
— D=1 [Pwng(t)'{'PPV(t)] (6_ 13)

a

_ LP23° Py (D) ]
ﬁ - Z?Z?O[Pwind(t)‘FPPV(t)] (6 14)

KH: Pying, Poy——20 0 ARE B OK BHRERE /NP3 R R D), kW
D——%&F B K HE, kWh
HL [0 H (4 7T AR A 3R Ry () A2 SRS 47 4 75 SR AR 3R . K BH g 7 fr AR AL %
SR BE A T SRR M RS, N R 7 508 02840 22 BT HRL Y B
i L A R RR R, R SR

Ry, (6) = DR.(t) — aBDRpy (t) — a(1 — B)DRyina(t) (6-15)
Fyuitaings(t) = Ry, (£)/0.73 (6- 16)

Fyyitaings(t) = DF, (6-17)

Y = (Fa — Fpase)/ Fpase X 100% (6-18)

s y—— B ESGERE, %:
R(t)— B i FH AL ZE, W/h, R(t) = P(t) —P(t—1), NLFER{FH
WidE R, LSRRG, wind NIRRT, PV IRKBHRE K H
fifar, HERF5H L
254 3(6-15) ~ (6-18) I 13 X AE A FH BB K HL LU 451 5 S S kI g e 2.
)RR T
Ry (t) — aBRpy(t) — a(l — B)Ryina(t) = 0.73  Fyase (1 +v) (6- 19)
JRAE AR BH BE (1) £ 17 A8 10 2 52 B T 26 H SR FO 2 . R PH RS R B BB R Y
B, R R B K BH B8 & 2 N F I, R AR SR SRR e ) e
G K BH ¥ L BRI, K BH R R FL A7 far SR P, S 500 5 S At el 2 b ) i ) B
AR D) LG HE LTI, 55 8 I SE G v A AT 0 A . SCHR[44] TR KUBEFI R BH
RE R A A A 2R A5 T ORI AE, AR AN [F) 00 m] AR BR IR 5 LU L, 2t T AN [
X J B AR BH e 67 nf AR A2 2 ] o
I I PR REJE B () TN [115], 75 mT 7 AR BEVR A FH 480 R W |61 2K, 3] 2035 47,
K BHBE+RAE & K b SR R 35%4 47, 1) 2050 4, IX—H 7Kk 3] 50%.

118



%6 B AT REEEPF O TR ST

IR EAIRTEAR L, 22508 28%1 36%[116]. 953 X AEATA FH A8 & & HELEL A 5
SRS R 2R (AN R 2R, A ST BUAS [ XU FEL 4+ R BH BB & FL EE Bl e 0 5018 10%
24%. 30%- 50%J¢ 70%, KBHBEFRAE K LI ELHINEEL = 50%, FFARHESC
BR[441i% £ 5 B B SRR e L (X Ttaly, TH50E R R AT AR AL R, WLk
6.14.
# 6. 14 A[FARE+RPHBE K HLEE R H A7 fr AR 10 3R [44]
a 10% 24% 30% 50% 70%

RyL(t) 0.25 0.35 0.5 0.6 0.95

I UL ESEOR A, 22 TR 6.9 Fraaioe Rk, WEIHRIE, KK
FHAE & HLELHI /N T 41%I0, ST SCE RN T EE 5T 0%, IR A TR 2
X RS BRAE HEAT B3, 7040 R A £ 1) 55U 8 ) B A A% i 2 X F R DK BH R 1)
FENEER ;s 24 P38 hn X AN BH BEAE L P B4 N LA, D)5 250 i SR s e A T
DR A BRI 1T SO IR R A s 2 i A ] B AR BRIR LG I Ca = 70%),
T BT A R PUHE RE I3 TE 2 A5 e A A Rei L LA R ST ) R A R R
M2l & HZR AT AR, R+ KBH BB R L EUAIBR ORI, o) R SR 5 12k 1 e 2 9
TR R R

280% ——"——t ——t——
200% - -
150% -
I 100% - y=6.835x? - 0.745x-0.835 |
= 1 R?=0.993
H  50% -

B ]

B 0%

) ]
-50% -

-100% ~ -

-150% T T T T T T T T T T T T T T T
0% 10% 20% 30% 40% 50% 60% 70% 80%

XEB+XPHBEA FEEL A
& 6.9 W AR ARIE R HL LU S AR B R IR Ok R

6.6 INE /&
AR S MBRE K/ RN ] RSN f B, B T TR R
VRN ST o 38 PR S FE o LR /N IR J R A S AT &35 AR 00T, 13 H

119



[FIGF RS S AR S0 R SRR SR L A A ) 7 SRS ) B A S VAN T it

TR E A 5 H ISP R AR DR . X T Vg RE R @ AT 0T, 45
R PAAEREAE R TH IR DU L R, Rt B oot S B AR A I R . Jl i
BIVES @R KRR, HE T EREE O SR (p PRRK:
y = -5B-07x% + 0.0002x + 0.0021. @ik —@FEH LTS, B T &RE
GRS 5 T2 62%.

HIR, KM B RS TERA R A E AT %5, F Gt deg
(T BTV, W9 3 BH 3R 1) 5 B o A R (R Y A A S M o Rk A ER AR
FMRUICNGRER G AT N, HVAC R4 HEHBE K&, WEE VR, IRl
ST R R A, B TR BV TR TSN 0
B 172 45, FAEESIETN A A EY, —EBH (55 0~35 ) ZEY

(36~8243). —E% (=83 4.

E, PAZIE 7, A3 7 ACRBEE ] AR RRUR IR R, R R &1
FARGAVERE T, A ReB IEC“F RGO IR KA . bR, B IR 7 R
P &7 EEZI09 30%, RERBSTH 2 L L Far 41% )P PR BRI N ZEK . FEASK
o A E AR REVRAE VR R, BRI H ) R SR B | LU R IR B 90% A, AT
FRAE AR IR R HL B (0 S5 S8R G R () L& R R y=6.8351x7-0.745x
-0.8351,

120



B1E div5kE

FTEGRERE

S B SR I A 2R R R S T L I P LA R AT L BTSN 2R, O AROR
SIS AT P 2R RE YR N L BRI 17 7T i o A URGEEAT 7T S D 7 SR 2
R L At A RS S A SR IR AR 3 S LR IR 0L R, S5 a5
PEVRRF A, 7 R B S M SRS 1 1) 75 SR i S ], 578 20 R S A B IR L D e 3R
SRR BRI o DR AR VRO B T S 1 R 3R P 25 3 A SR S TIE SR (R R SR S L
VERAL Tk o FEBEAER n] Oy HL X ML 000 81 5 SR 1 £t 5 22 T4 ) S (P B AR A
YOS T

7.1 EEZEip

PR LA A EAT EHOR G, @A 7 — B @GR )/ R f #e
BT, TSRS A, FFE LI AL AT T RO AT I IE T, PAk
NERVSSCHE, WEFT T R AR R SR e L AR A 2 1) SR A R AR H D 7 SR B (R VRAN
%o

FELRWT:

(D FIH B AL I 51, L T BIREE R ) 735 SRR AR Y,
I I BRI R G AAE BN 1A A BE 08 7E 75 SR B St T T R Y
TR RE 7o BT SZIG IR AT, BRI B S SEIR 45 B MAE N 6.8%, At
G B BT BT — e R T o B R S AT, S AR R Y
R B BIAAG B &5 SR AT X LL A i, MO TSRS E 4 R MAE R
5.9%, Ht— B T AR ES AR B — AT M.

(2) BB T B0, W Hr 75 P B Tk .
DA /NS B 5 SRe SR 48], Bt 9 A oK B BB O 2 i b, /NS P 4 SRR
IR TR BA B 73.2%, T A REATRERR AN 23.9% F1 10.8%, K EAEF 5T HA
SRk NI H AR R 7O, HAE B AR T SR TR B2 41.24%
I AR B AR X @S, A TR ERMEERE (0 584
HARSAE R (y) HIARAR: y=-5B-07x>+0.0002x + 0.0021. BT X} 251 &
4t HVAC sMRIEII TR W], o TR s, @ E Rk HVAC REGA &
SRVEI S E R E, SRR K DR O MK O AR & i IR BRI & HA 4
FElAP st fE A B AR ER gy . N SAE Y E . FE SRR SR BLd (o JR2 S []
N2 /NEED, HUR SN R G R S R R RE SR A2 T I s (R, AR AR

121



[FIGF RS S AR S0 R SRR SR L A A ) 7 SRS ) B A S VAN T it

HEAN T SR R B A O PV WL R BAEC P P A7 AT o T 0 TSR FH i R 7K A ) S 0
Gt, HAEWSHTOL IS RGN, A AR AR AN T R S B B O AT YA AL
SEILERCK ) HVAC R 4500

(3) 75 QARSI ) 75 SR BPERRE R RTSE T, RS H 7 SR SR U5 R
A SCILE AR . DA— BB R @B, 7E 19:00-21:00 BB P (1) 75 K i
miE S, 2Tl — DL EH AR RS, S T AT 17.6% 0 L 2R
Ho CLEWEEHRIPAEFNE], 7E 14:00-16:00 K BN IR R R 50 H o, AS[H
i o e 17 92 ) 17 5 R AR FRL AR MG 5 R 28.1%~63.6%, SRR T
LEAIA 7.39%~26.79% . I 0 S =FhAS [RIRFAE (R 50 7 i 20 A, A3 H “ AT TH]
T 2R S AT 3 A YRR K TR R T SR N 5 R B SR A e I B
P OR I I T SR N 5 TG R TR A G A U A R e SR e SRR I S SR
M) 8.

(4) JEL SR Ip 2 G FT, SRS 25 RIS 75 SRR R 0.09 #2713
FF 5 SR M RE1 0.34, B 75 R0 S 47 82 (8] 38, g S 1k A P 2803 B B 4
e [FIN, ffAE RGEAME R RS TR RE /), L RERE s st i 45 FH Ak
BRI T SR L AR RN 0.20 $EmE] 0.330 AR I iR T AR
G, LIRS, S T IRAETIE RN S N 62%.

(5) MBEFNBH BB [A) B v P AR BEVR I A S, X R AR H ) 75 SRR 2
BRI AR, 5 IR E A # SR v S 2
20%~30%, #7855 IR EL P B, BetB i 2 o LR AR 34%~41% 7]
FAERRIREE TR . fEARK, &2 A RRIRIE N REIR, SN /7 R
RIS ] 90% /24, A RERT Ik “FRFEG” BRI A A . AT A RE YK L EL )
(x) 5EFHMEUER (y) BRAK: y=6.8351x7-0.745x - 0.8351,

72 FEQHFT S

(1) 2 V2R A FREE RS, ARG S S REH T
SRR BT, JFas th TSR 0 R SRR IR SRR B H 7y 5 R
A% X SR A LB AR R HE R 1038 o T (A R AN 5 B N S A (R 2
B REIR R GIEAR SRS B RETE 5 HUA D R SRR . PR i AL A
AMEEH T REA RS, WnT R B 3.

(2) AWFFCE RS- 1 HE T @SR RRAE T 75 K LA ] o) R, 45
NGRS ST Sl N S Rk e RS T DY EPS il A

122



B1E div5kE

(3) WFFC 1R/ CE 52 5P AR R AR, AR ST e 5
PEBLTHR O TR TSR . A G AR A REMIN AR, 4 7 AR
FOR 5 ARG HL R TR R LRSI Sk A 5

(4) AW FUTE U H S T Jik o sl SR R A TR (1 S 0 P 0 7 SRR PN 0%
DIAR L R AE LR U F AT S P SR A5 BRIV 5V K ig 42

73 MRIERMESRE

7.3.1 EPRTE

(1 W T 32 2R S50 & BRG], DR REX BT SRR A B R 15
PR AT SCIR I0E, (ISR 15 AR EIAR 5 2 R R G IR . He sk
PR W S8 AR ) T BUEEAT T 9RAIE, £S5 5 BT FT P L% AS & AR IR AN A
SRR 9% 1Y) A i SR AR R B

(2) ZAUREHR 0 st B A BT RO SR BT, X T R PR, S
P e R A B DR O Y — N HLIX A SRR o TG T 3R, R i
EEA 5 SR R BT BB R R S ST ) 75 SR 0 S PR 7 SR SR A P ) 5 SR
RESTHRAN, 75 BERMRAL R T HURE T T ECE RN BB AT o

(3) APRES T NATNFERIBE T, 5 R T ARHE R ZR 5T, iR
JE3E BLFEGE A HAETE N NAT ISR, AT RHENAE SR AT KSR 4% 5]
R P EREAT T 7, NAT N E TR BT € RRIRYE, & 2Rt 0

.
T

732 REE

A 3 1] 2 B 5 SR L K R ) 7 SR I R — N BORT I & o 7R B SRR SR
JS2 7 T 3R A 0 g SR R D R, R L ] F AR ) B AN ks ML AR
RSN, EANCA RSt TORRR b I oV BRI, BRI, X3k
R X L T A T AR SRR . E A BRI e L E e i e il C i)
BRI, R CHPMD SIS ARG RGBT A M . AR SO fE
PR SR HANE RE S AR AEAN T, B AR B A HIA B A R R I /5K
SRVERE ST, NI FE 0 A 2 B, 232t v I (3t 75 1 0 ) 58 B 30 PR S R RO R
J&.

AR SCARIE FE A 32 - S U R A5 A 1) L 0 7 SR 0 ) e 6 45 B HERA 1 &AL,
SR, IR ) SRS ANAT RS S MBS v B A, A SO T A R R4
REFE o NAT R BEAE R REZHA IR Fe /e — DB 2 R 20 iR, S R AE

123



[FIGE R 2 AR S FERIRE SRR e ) 7 SRS PR AL S APAN 5 VT 7T

e ZNANGRIFEE MR AP ER AT K AT AR LA i 7y
PEREAT YRR A2 A BB A o 15 B DA TR AR B S SRR B0 70 A ) Rk
K&, FEAERATS R @ R AAT AEIEE BAHEAT NAT 9 Em TN i 2Lk L, Refig st
BT 4= 30 A 7 7 SR A SE N HER O B

BEAL, R R R R S AR U 2 R, — DX HL ) 7
SRIAPESZ 5 AR HU 2 T AR ELRE I, HAH EL 2R AR Ao Bk T R TEOR 2]
AR XL AN SR AN E S, B R SRR RE J1 iz i iR B e
TFAREEIRZR A — Al fL 2 SR PR g S A S 2 T, e S B S T A A 2 3
A SRS TR, DA R e S A 450 R 5 SR ) 14 5 T X ) e 2 8 T i, A L 1Y)
PR IENE R S SRS AR AR A OB 7

BeJr s AR RIEPE D OE b, BT AR RS ST R TRR , A5 58 1
PR RN — Y-S, 10X Wi I R R 20 e S8 4 JE R BEAT A2 T 5 18 U
SREFPE VAT 19 J SR I T T AR B B ) R e 38 RS 350 F 70 /3 SRR AR J2 0P o
JHEMR AL I — TR MR B SS, AP0k 26 AT 2 F i 5g B g
BT A o B AR BT 0 5 SR S B R A il 7, 7 EAT S ONIR AT AT

124



RN i e DA e

Bt

HIERRARGFNELTEENREALRE. NFLEEE, X4 KTHH
BYFEX, RILRE—HBELRNRE, FERIEWFFHFHRNIAFEAZEDN
HTRKIDEK. RANERZEFLETFER, ERAFHNETARTT HE X,
YRwE|RWEtE, Bakp L. VWEXFLREFINEKNER, LBE2RE “IF
1120 F A EBAR” BEETH: BEXRMPBRITH RS, FLE® LA,

K—BER, RKEFHELANER., RKAEBELRBETREL ANH
B . 8%, HERBERNESFREAR. B CERELHAEFRATO
g F I, A EAROE LR LU 5 . R EZRRRATZ IR
FNFE, TEEFMF LR, BEZUSM. BENE, L HH, XFERA]
DT —RIEA, BRI REOCULEERUITEHESE Y TN LR TR LA
REIFLAT HEIRE /1 T TR AIME RVt G st 2 5 Bl 4 H brainstorming, &
ol A AE VIR FE —/ new idea B £ open topic, 1t&A A &AM
HITBERN R B EXEEE, FEF2ERGHTITR. EEBELARNNHT X
T, RUEZFHAIAT EEZRERNRE, FRZRFLTH AR, FEHARE.
RU & —B R G T RN GEE, ey B £ RREERFD, oL R#
RELEBTIARFHELHARENBANMFELTHE, REERT RNEEH ZZ
FTREM, AREBEEITTT BEmEn,

HERBRELEE TR ELEIFREKkAEARYBEANKAE TR
Ferdinand Schmit 1#-4, UL X% [E = Aditya Desai i+, EF(1&8 L& ¥2 T ™=
B, REM S, Ferdinand HE X KW F ] fa £ E#H S T T RANHE
B, #F M1t Bt Emmerich Tempfli EH K EATHE, URE T —AERETH,

HERAITF I ANEEAN], Sl EALT Tk A0 AR E T, I
AN A FEZE Z I HZ 4 A LR 4 i 4, 24 3838 28 78 AR 8 B R o AR
TR0 AT B RA . BB R ST W B3R (R i U 20 R 4R (1], X Bt 1 —
— 1R R BB AR R T X B, 1 — R EE S E T E2HF1012.
b, R AEARLIREZLIBRUBIAIFNERZELT, HFHRFREFHREXE
Y U B A A

HERBKRAXBERRA, FNWE— G830, K E 4% T RITH
FRRUEKRFEKRAEKER B ERE LI AHELT HENSAREGER,
FERVTREEBMZM. FFENSKRE, RINEDE L2, RAR(THE A f L F.
wE, RMBRWETIRSE, REREREF LR R T A&,
AFELEEEERMNRN B FEMAH.

B R ] R S AL, R IRTE B ICZ P F AR AL, At
RATE & LA P

wE, BARBAAEALIRFBWNEIT. BF. AEAl,

R AR
2019 4 9 A

125






LA LS S B0

S5 30K

[1] 201442 4 [E i1 s Bt T3 AT AR . rh E i flkiBc & 2. 2014,

[2] Chen Y, Xu P, Gu J, Schmidt F, Li W. Measures to improve energy demand flexibility in
buildings for demand response (DR): A review. Energ Buildings. 2018;177:125-139.

[3]1 AR R R, A KRR T SR, 2017,

[4] Z3aJe, WRr SR, XEEE, sKEF, S0, PhifgrE. 25 e iR R B ) B AT iT LS 1
it ARG E BN, 2019:43(04):9-15.

[5] Xue X, Wang S, Sun Y, Xiao F. An interactive building power demand management strategy
for facilitating smart grid optimization. Appl Energ. 2014;116:297-310.

[6] Li W, XuP, Lu X, Wang H, Pang Z. Electricity demand response in China: Status, feasible
market schemes and pilots. Energy. 2016;114:981-994.

[7]1 =, PRIESE, BRILAe, 1RANE. JRIE W) 5 SR N 8 it 55 B 75 i, F o SRk
B 2013;15(01):1-4.

[8] Br3CHR, XI¥b, 2297, EEFRMIMNZEER. H 77 RIOE HL. 2013;15(02):61-64.

[9] 2019 Demand Response Operations Markets Activity Report: February 2019, PJM Demand
Side Response Operations, 2019.

[10] 2010 assessment of demand response and advanced metering, Federal Energy Regulation
Commission, United States Department of Energy, 2011.

[11] Lam T, Wan K, Wong S, Lam J. Impact of climate change on commercial sector air
conditioning energy consumption in subtropical Hong Kong. Appl Energ. 2010;87(7):2321-2327.
[12] Chen Y, Chen Z, Xu P, Li W, Sha H, Yang Z, et al. Quantification of electricity flexibility in
demand response: Office building case study. Energy. 2019;188:116054.

[13] Pothitou M, Hanna RF, Chalvatzis KJ. ICT entertainment appliances’ impact on domestic
electricity consumption. Renew Sust Energ Rev. 2017;69:843-853.

[14] Nan S, Zhou M, Li G. Optimal residential community demand response scheduling in smart
grid. Appl Energ. 2018;210:1280-1289.

[15] Shakeri M, Shayestegan M, Abunima H, Reza SMS, Akhtaruzzaman M, Alamoud ARM, et al.
An intelligent system architecture in home energy management systems (HEMS) for efficient
demand response in smart grid. Energ Buildings. 2017;138:154-164.

[16] Nonresidential Compliance Manual, Demand Responsive Controls-Appendix D, U.S.
Department of Energy, 2019.

[17] Yin R, Kara EC, Li Y, DeForest N, Wang K, Yong T, et al. Quantifying flexibility of
commercial and residential loads for demand response using setpoint changes. Appl Energ.
2016;177:149-164.

[18] Aghniaey S, Lawrence TM. The impact of increased cooling setpoint temperature during
demand response events on occupant thermal comfort in commercial buildings: A review. Energ
Buildings. 2018;173:19-27.

[19] Aduda KO, Labeodan T, Zeiler W, Boxem G, Zhao Y. Demand side flexibility: Potentials and

127



FITFREE T2 S0 256 3CHk

building performance implications. Sustain Cities Soc. 2016;22:146-163.

[20] Le Dréau J, Heiselberg P. Energy flexibility of residential buildings using short term heat
storage in the thermal mass. Energy. 2016;111:991-1002.

[21] Xu P,Demand Shifting with Thermal Mass in Light and Heavy Mass Commercial Buildings.
2009 ASHRAE Annual Conference,Louisville, Kentucky,2009.

[22] Introduction to Commercial Building Control Strategies and Techniques for Demand
Response-Appendices, Lawrence Berkeley National Laboratory, 2007.

[23] Turner WJN, Walker IS, Roux J. Peak load reductions: Electric load shifting with mechanical
pre-cooling of residential buildings with low thermal mass. Energy. 2015;82:1057-1067.

[24] Z= K. R FRAGE SIZEIL I 22 S SR 5 SR I F) SRS RIE 7 - [R5 K 22 [ A 2 A2 18 0,
2017.

[25]Li W, Chu Y, Xu P, Yang Z, Ji Y, Ni L, et al. A transient model for the thermal inertia of
chilled-water systems during demand response. Energ Buildings. 2017;150:383-395.

[26] Li W, Xu P. A fast method to predict the demand response peak load reductions of commercial
buildings. Sci Technol Built En. 2016:118-127.

[27] Li W, Xu P, Jiao F. Optimal demand response strategy of a portfolio of multiple commercial
buildings: Methods and a case study. Sci Technol Built En. 2016;22(6):655-665.

[28] Ulbig A, Andersson GR. Analyzing operational flexibility of electric power systems. Int J Elec
Power. 2015;72:155-164.

[29] De Coninck R, Helsen L. Quantification of flexibility in buildings by cost curves -
Methodology and application. Appl Energ. 2016;162:653-665.

[30] Nuytten T, Claessens B, Paredis K, Van Bael J, Six D. Flexibility of a combined heat and
power system with thermal energy storage for district heating. Appl Energ. 2013;104:583-591.
[31] Pallonetto F, Oxizidis S, Milano F, Finn D. The effect of time-of-use tariffs on the demand
response flexibility of an all-electric smart-grid-ready dwelling. Energ Buildings. 2016;128:56-67.
[32] Alemany JM, Arendarski B, Lombardi P, Komarnicki P. Accentuating the renewable energy
exploitation: Evaluation of flexibility options. Int J Elec Power. 2018;102:131-151.

[33] Stinner S, Huchtemann K, Miiller D. Quantifying the operational flexibility of building energy
systems with thermal energy storages. Appl Energ. 2016;181:140-154.

[34] Ma J. Evaluating and planning flexibility in a sustainable power system with large wind
penetration: University of Manchester, 2012.

[35] Tulabing R, Yin RX, DeForest N, Li YP, Wang K, Yong TY, et al. Modeling study on flexible
load's demand response potentials for providing ancillary services at the substation level. Electr Pow
Syst Res. 2016;140:240-252.

[36] Chrysopoulos A, Diou C, Symeonidis AL, Mitkas PA. Response modeling of small-scale
energy consumers for effective demand response applications. Electr Pow Syst Res. 2016;132:78-
93.

[37] D Hulst R, Labeeuw W, Beusen B, Claessens S, Deconinck G, Vanthournout K. Demand
response flexibility and flexibility potential of residential smart appliances: Experiences from large
pilot test in Belgium. Appl Energ. 2015;155:79-90.

[38] Kristien Clement-Nyns EHJID. The Impact of Charging Plug-In Hybrid Electric Vehicles on a
Residential Distribution Grid. Ieee T Power Syst. 2010;25(1):371-380.

128



LA LS S B0

[39] Electric Vehicles and the Grid, BMW North America, Smart Charging, PJM, 2017.

[40] Bartusch C, Alvehag K. Further exploring the potential of residential demand response
programs in electricity distribution. Appl Energ. 2014;125:39-59.

[41] Newsham GR, Bowker BG. The effect of utility time-varying pricing and load control
strategies on residential summer peak electricity use: A review. Energ Policy. 2010;38(7):3289-
3296.

[42] Mubbashir A, Amir S, Matti L,Demand Response Potential of Residential HVAC loads
Considering Users Preferences. In: Proceedings of the 5th IEEE PES Innovative Smart Grid
Technologies Europe,Istanbul, Turkey,2014.

[43] Reynders G, Diriken J, Saelens D. Generic characterization method for energy flexibility:
Applied to structural thermal storage in residential buildings. Appl Energ. 2017;198:192-202.

[44] Huber M, Dimkova D, Hamacher T. Integration of wind and solar power in Europe:
Assessment of flexibility requirements. Energy. 2014;69:236-246.

[45] Cao S, Hasan A, Sirén K. On-site energy matching indices for buildings with energy
conversion, storage and hybrid grid connections. Energ Buildings. 2013;64:423-438.

[46] Walawalkar R, Fernands S, Thakur N, Chevva KR. Evolution and current status of demand
response (DR) in electricity markets: Insights from PJM and NYISO. Energy. 2010;35(4SI):1553-
1560.

[471E3, sk, PhRE, MEE, B, BAURMEIATRET SR, B RGN
2014;38(20):127-135.

[48] Mk, B, XEeA, B, BB T S ORISR A A7 AT (0 ) R G R R &
BEMLIEREE J7%. A [ F AL T RE 253, 2013;33(16):63-69.

[49] Eid C, Codani P, Perez Y, Reneses J, Hakvoort R. Managing electric flexibility from
Distributed Energy Resources: A review of incentives for market design. Renew Sust Energ Rev.
2016;64:237-247.

[50] KN, 5KIE, 4 EW. E MR T sl RGBS R IR R R 0. BT AE
B XA, 2015;34(01):10-14.

[51] #6%, RRE, MG (EE@ME ARSI T, @HEHE. 2014;30(08):36-40.

[52] HLF RS A Fe e, 2SR Bk T R R0 - A B3 Tk A, 1995.
[53] Sehar F, Pipattanasomporn M, Rahman S. An energy management model to study energy and
peak power savings from PV and storage in demand responsive buildings. Appl Energ.
2016;173:406-417.

[54] Shafie-khah M, Kheradmand M, Javadi S, Azenha M, de Aguiar JLB, Castro-Gomes J, et al.
Optimal behavior of responsive residential demand considering hybrid phase change materials.
Appl Energ. 2016;163:81-92.

[55] Lund PD, Lindgren J, Mikkola J, Salpakari J. Review of energy system flexibility measures to
enable high levels of variable renewable electricity. Renewable and Sustainable Energy Reviews.
2015;45:785-807.

[56] Powells G, Bulkeley H, Bell S, Judson E. Peak electricity demand and the flexibility of
everyday life. Geoforum. 2014;55:43-52.

[57] Eid C, Codani P, Perez Y, Reneses J, Hakvoort R. Managing electric flexibility from

Distributed Energy Resources: A review of incentives for market design. Renew Sust Energ Rev.

129



FITFREE T2 S0 256 3CHk

2016;64:237-247.

[58] EffisE, LY, BUEN, BRET, SR, FHEY, et al. REVR HIE R 5T A LR X 45k
AR RGRARRE i gd. o E AL TSR, 2016;36(12):3292-3306.

[59] Gu W, Wu Z, Bo R, Liu W, Zhou G, Chen W, et al. Modeling, planning and optimal energy
management of combined cooling, heating and power microgrid: A review. Int J Elec Power.
2014;54:26-37.

[60] B REY. NRLRIRAEERME RS2 At it SRe EE BRI IT: (AR K[ A5
frig 3], 2016.

[61] Alva G, Liu L, Huang X, Fang G. Thermal energy storage materials and systems for solar
energy applications. Renew Sust Energ Rev. 2017;68(1):693-706.

[62] Mills G, MacGill I. Assessing Electric Vehicle storage, flexibility, and Distributed Energy
Resource potential. JOURNAL OF ENERGY STORAGE. 2018;17:357-366.

[63] ZFibR, o, B, fhREBORRL G A Ul B A REIR B KR e ta s . L THOR
4R, 2016;31(14):1-10.

[64] Aghamohammadi MR, Abdolahinia H. A new approach for optimal sizing of battery energy
storage system for primary frequency control of islanded Microgrid. Int J Elec Power. 2014;54:325-
333.

[65] Guille C, Gross G. A conceptual framework for the vehicle-to-grid (V2G) implementation.
Energ Policy. 2009;37(11):4379-4390.

[66] Li W, Xu P, Wang H, Lu X. A new method for calculating the thermal effects of irregular
internal mass in buildings under demand response. Energ Buildings. 2016;130:761-772.

[67] Yang S, Tao W. Heat Transfer. Version 4: Higher Education Press, 2006.

[68] Simon J. Olivieri GPHC. Evaluation of commercial building demand response potential using
optimal short-term curtailment of heating, ventilation, and air-conditioning loads. J Build Perform
Simu. 2014;7(2):100-118.

[69] Zinzi M. Exploring the potentialities of cool facades to improve the thermal response of
Mediterranean residential buildings. Sol Energy. 2016;135:386-397.

[70] Zingre KT, Wan MP, Tong S, Li H, Chang VWC, Wong SK, et al. Modeling of cool roof heat
transfer in tropical climate. Renew Energ. 2015;75:210-223.

[71] BEEAR, SR, 48P, BRlasil. 58 e B E @RS H AL, 2007.

[72] Jiang T, Li Z, Jin X, Chen H, Li X, Mu Y. Flexible operation of active distribution network
using integrated smart buildings with heating, ventilation and air-conditioning systems. Appl Energ.
2018;226:181-196.

[73] Rabl A, Norford LK. Peak load reduction by preconditioning buildings at night. Int J Energ
Res. 1991;15(9):781-798.

[74] Keeney K, Braun J. Application of building precooling to reduce peak cooling requirements.
ASHRAE Transactions. 1997(103):463-469.

[75] Xu P, Haves P, Piette MA, Braun J. Peak demand reduction from pre-cooling with zone
temperature reset in an office building. Lawrence Berkeley National Laboratory. 2006;14(2):83-89.
[76] Page J, Robinson D, Morel N, Scartezzini JL. A generalised stochastic model for the simulation
of occupant presence. Energ Buildings. 2008;40(2):83-98.

[77] Molavi H, Ardehali MM. Utility demand response operation considering day-of-use tariff and

130



CI PN e I VAT = N

optimal operation of thermal energy storage system for an industrial building based on particle
swarm optimization algorithm. Energ Buildings. 2016;127:920-929.

[78] Bianchini G, Casini M, Vicino A, Zarrilli D. Demand-response in building heating systems: A
Model Predictive Control approach. Appl Energ. 2016;168:159-170.

[79] Patteeuw D, Bruninx K, Arteconi A, Delarue E, D Haeseleer W, Helsen L. Integrated modeling
of active demand response with electric heating systems coupled to thermal energy storage systems.
Appl Energ. 2015;151:306-319.

[80] Torriti J. Price-based demand side management: Assessing the impacts of time-of-use tariffs
on residential electricity demand and peak shifting in Northern Italy. Energy. 2012;44(1):576-583.
[81] Mirakhorli A, Dong B. Market and behavior driven predictive energy management for
residential buildings. Sustain Cities Soc. 2018;38:723-735.

[82] Sun K, Hong T. A framework for quantifying the impact of occupant behavior on energy
savings of energy conservation measures. Energ Buildings. 2017;146:383-396.

[83] Herter K, Wayland S. Residential response to critical-peak pricing of electricity: California
evidence. Energy. 2010;35(4):1561-1567.

[84] Chen Y, Xu P, Chu Y, Li W, Wu Y, Ni L, et al. Short-term electrical load forecasting using
the Support Vector Regression (SVR) model to calculate the demand response baseline for office
buildings. Appl Energ. 2017;195:659-670.

[85] Marinakis V, Doukas H, Tsapelas J, Mouzakitis S, Sicilia A, Madrazo L, et al. From big data
to smart energy services: An application for intelligent energy management. Future Generation
Computer Systems. 2018.

[86]Zhou K, Fu C, Yang S. Big data driven smart energy management: From big data to big insights.
Renewable and Sustainable Energy Reviews. 2016;56:215-225.

[87] e N RLANFE i BB, R HI T E. GB50176-2016. Abat: R H i
1 2016.

[88] Tiller M. Introduction to physical modeling with Modelica: Springer Science & Business
Media, 2012.

[89] Open source library for building energy and control systems.
http://simulationresearch.lbl.gov/modelica/index.html. 2018.9.

[90] Wetter M, Zuo W, Nouidui TS,Modelica of heat transfer in rooms in the Modelica "Buildings"
library. 12th Conference of International Building Performance Simulation Association,Sydney, 14-
16 November,2011.

[91] EnergyPlus Weather Date. https://energyplus.net/weather. 2019.3.

[92] Modelica buildings library. https://github.com/Ibl-srg/modelica-buildings/issues/463. 2019.1.
[93] ASHRAE. ANSI/ASHRAE Standard 55-2013,Thermal Environmental Conditions for Human
Occupancy. 2013.

[94] Zhou B, Li W, Chan KW, Cao Y, Kuang Y, Liu X, et al. Smart home energy management
systems: Concept, configurations, and scheduling strategies. Renewable and Sustainable Energy
Reviews. 2016;61:30-40.

[95] KAET, G, Mifein. BREHE MM T REERIE ARG TR, B RG RIS
. 2014;42(18):144-154.

[96] 2= A, BRETAE, FBAL, K3, FKEEREFEE B RGROBT ALt e . HLMRBCTH 55 s TR,

131



FITFREE T2 S0 256 3CHk

2017;46(11):107-111.

[97] [ A, XMR 5, BRREH, XACE. AT fRAEREUR RN T 3 B m] op i G far A SR AT T, ML &%
SR 55, 2012:40(05):148-155.

[98] Wang J, Bloyd CN, Zhaoguang H, Zhongfu T. Demand response in China. Energy.
2010;35(4):1592-1597.

[99] Watson DS, Kiliccote S, Motegi N, Piette MA,Strategies for demand response in commercial
buildings. The 2006 ACEEE Summer Study on Energy Efficiency in Buildings,Pacific Grove, USA,
August 13-18,2006.

[100] GuJ, Xu P, Pang Z, Chen Y, Ji Y, Chen Z. Extracting typical occupancy data of different
buildings from mobile positioning data. Energ Buildings. 2018;180:135-145.

[101] Benefits of demand response in electricity markets and recommendations for achieving them,
U.S. Department of Energy, 2006.

[102] e NRGEANE B, CH 70 /5 SRS P 7 2% 5l A v SR I e il 8 < 7 22
TATINE) WH#[2012]367 5.

[103] Chen Y, Desai A, Schmidt F, Xu P. Electricity demand flexibility performance of a sorption-
assisted water storage on building heating. Appl Therm Eng. 2019;156:640-652.

[104] Reynders G, Lopes RA, Marszal-Pomianowska A, Aelenei D, Martins J, Saelens D. Energy
flexible buildings: An evaluation of definitions and quantification methodologies applied to thermal
storage. Energ Buildings. 2018;166:372-390.

[105] #SrfH. #FaRmaN 2 5 s Be IR A TH A0 S5 R8s VR BRI 7. St i K o
AL ], 2017,

[106] 4B, 7SR N2 53 IR 22 5F I 20 A 5 T 7 AR /e R b R (i 2 A
w3, 2014.

[107] 5KZ. BEAEFTRESCE LTI OT IT: He P RHBOR 22 (T 12001 3], 2012.

[108] BIEH. flGE RS A RN E K e or A LA AR T o BRI RS2
+ZA47 3], 2018.

[109] Faruqui A, Hledik R, Newell S, Pfeifenberger J. The Power of Five Percent: How Dynamic
Pricing Can Save $35 Billion in Electricity Costs. The Brattle Group, discussion paper. 2007.
[110] 8%, ASCEFREFEPFO TEAR 1A R BT TT: W K21 2207 18 30], 2007.

[111] YawEE, skms, 22ds, FugaR. RE “ =107 #IX 7 MGG RE 8. Hedbi iR,
2016(12):55-59.

[112] J7if, R4S, T2, Mo, PR SRk il A & it it e R LB s R 4
WM. B RS H M. 2019;43(13):71-83.

[113] FKER. KRR EE S XA R AULB AT AT T L AR [ 2201 3], 2016.
[114] Energy consumption estimates by sector. https://www.eia.gov/consumption/. 2019.2.

[115] 2018 Key World Energy Statistics, International Energy Agency, 2018.

[116] 2018+ [E A FA=Aedsi e B, 1B 5K R A 425 5l 2%, 2018.

132



RN e DAYl (S

Bk A BRENTRSEH SR MFEREMRET DR

AU L TR &S
\ BT d
‘I‘iy}?\‘ allln
( n
=Y ko R(®  UETEERRE |
= B T E
S ar n \ ko BATNE P
KA =) PO XD DETEBEEE | o e
L TR tworks
IR = 6
o) Xi(t) -
twindow
0 te (twork n tearliest) + (twork N tlatest)
= 1 t € tyindow — twork
-1 t € tyork — (tearliest u tlatest)
Fpa(t) = X(£)(SOCipn; — SOCt)Ecap/At tEty FEL A0 5 25
fiti e FLith () = {—1 t € tenarging Ecqpr HRIAT HUIR
1 t€ tdischarging ?QL?SOC
n
Fnass(t) = ; aiCiTrange/(t *COPy¢) BRI, 2
I Fp, KiEiFA, %
s A B, 5
a; =1—[a, + b, (1 —e~1BY)]- (ﬁ) -exp[—Fo | FEEEMEE
\ 2 Tranger SHRGE
. Z3y-1 cop
(a5 +797"]
FH W& A& Al R EL A
CRAFR B Fapu(t) = APg(t) - Cro/COPsc ko, BEATIFEP,
73) TR G CoOP
PR Feank (t) = Pepipger(t) BEHE RS IR
%%‘E‘ﬁ%ﬁé%éﬁ Yé*nz:a\él‘zﬁﬁ‘j‘ Ftank(t) = Cwq‘(T[ank’[l - T[ank‘tz )/ %C‘I1 7k%§?ﬂ%}§>{ji
(At - COP,() &, THARS cop
j:ﬂ paVrca
TV RN . Fyyac(t) = Fpass() + [ Trange + X ARY. B
HVAC &4t Uy + 1) Tapel/ (At - COPyc) g Em, X
, SERREU
ﬁ&%’ﬁﬁ%&ﬁﬂ‘: FHVAC(t) = FHVAC(t) + FapH(t) lj\jy]\ 4:5 ?iﬁ A
a;C; p V.c F P A2 RS
s Fbeh - ATextra(z . 2 2 —+ UA AN H
j\/TTjg YB ATex[rai >N

+ 1cy)/(At - COPy)

[il HVAC &%;

133




FIGER T2 i S B

Mi® B EI Modelica 2R ET5iE

AR S HRS TiE:

// Construction material for exterior walls

parameter
Buildings.HeatTransfer.Data.OpaqueConstructions.Generic matLayExt(
material={Buildings.HeatTransfer.Data.Solids.HuaGangYan(x=0.02),
Buildings.HeatTransfer.Data.Solids.BaoWenShaJiang(x=0.02),
Buildings.HeatTransfer.Data.Solids.ShuiNiShaJiangZhaoPin(x=0.03),
Buildings.HeatTransfer.Data.Solids.J1aQiHunNiTu(x=0.12),
Buildings.HeatTransfer.Data.Solids.ShuiNiShaJiangZhaoPin(x=0.03)},
final nLay=5) ;

// Construction material for partition walls

parameter
Buildings.HeatTransfer.Data.OpaqueConstructions.Generic matLayPar(
material={Buildings.HeatTransfer.Data.Solids.ShuiNiShaJiangZhaoPin(x=0.03),
Buildings.HeatTransfer.Data.Solids.JiaQiHunNiTu(x=0.12),
Buildings.HeatTransfer.Data.Solids.ShuiNiShaJiangZhaoPin(x=0.03)},
final nLay=3);

/I Construction material for floor

parameter
Buildings.HeatTransfer.Data.OpaqueConstructions.Generic matLayFlo(
material={Buildings.HeatTransfer.Data.Solids.Concrete(x=0.2)},final nLay=1);

// Construction material for furniture

parameter
Buildings.HeatTransfer.Data.OpaqueConstructions.Generic matLayFur(
material=
{Buildings.HeatTransfer.Data.Solids.Plywood V1(x=0.03)},final nLay=1);

/I Construction material for ceiling
parameter

Buildings.HeatTransfer.Data.OpaqueConstructions.Generic matLayCeil(
material={Buildings.HeatTransfer.Data.Solids.ShuiNiShalJiang (x=0.03),
Buildings.HeatTransfer.Data.Solids.BaoWenShaJiang(x=0.02),
Buildings.HeatTransfer.Data.Solids.GangJinHunNiTu(x=0.02),
Buildings.HeatTransfer.Data.Solids.ShuiNiShalJiang (x=0.03)},

final nLay=4);
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// Room model

Buildings. ThermalZones.Detailed.MixedAir roo1(
redeclare package Medium = MediumA, // Medium air
hRo0=4.0, // Room height[m]
nConExt=0, // Number of exterior constructions

nConExtWin=2, // Number of window constructions
/I Data for exterior construction with window
datConExtWin(layers={matLayExt,matLayExt},
A={42,48},
glaSys={glaSys,glaSys},
AWin={21,24},
each hWin=3.5,
each fFra=0.1,
til={Buildings.Types.Tilt. Wall,Buildings. Types.Tilt. Wall},
azi={Buildings.Types.Azimuth.N,Buildings.Types.Azimuth.S}),

nConPar=5, // Number of partition constructions

// Data for partition construction

datConPar(

layers={matLayFlo,matLayCeil,matLayPar,matLayPar,matLayFur},

A={224,224,36,35,254},

til={Buildings.Types.Tilt.Floor,Buildings.Types.Tilt.Ceiling,Buildings. Types.Tilt.
Wall, Buildings.Types.Tilt.Wall,Buildings.Types.Tilt.Wall},

azi={Buildings.Types.Azimuth.S,Buildings.Types.Azimuth.S,Buildings. Types.Az
imuth.E,Buildings. Types.Azimuth.S,Buildings. Types.Azimuth.S}),

nConBou=7, // Number of constructions that have their outside surface

// Data for construction boundary

datConBou(layers={matLayFlo,matLayCeil,matLayPar,matLayPar,matLayFur,m

atLayExt,matLayExt},

A={224,224,36,35,254,42,48},

til={Buildings.Types.Tilt.Floor,Buildings. Types.Tilt.Ceiling,Buildings. Types.Tilt.
Wall,Buildings.Types.Tilt. Wall,Buildings. Types.Tilt. Wall,Buildings. Types.T
ilt. Wall,Buildings. Types.Tilt. Wall},

azi={Buildings.Types.Azimuth.S,Buildings.Types.Azimuth.S,Buildings. Types.Az
imuth.E,Buildings. Types.Azimuth.S,Buildings. Types.Azimuth.S,Buildings.T
ypes.Azimuth.N,Buildings.Types.Azimuth.S}),

nSurBou=2, // Number of constructions that have their outside surface
// Record for data of surfaces whose heat conduction is modeled outside of this
room
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surBou(A={42,48},

each absIR=0.73,

each absSo01=0.73,

each til=Buildings.Types.Tilt. Wall),
energyDynamics=Modelica.Fluid. Types.Dynamics.FixedInitial,
linearizeRadiation=true,
extConMod=Buildings.HeatTransfer. Types.ExteriorConvection.Fixed,
AFlo=224, //Room area|m2]
nPorts=2, // Fluid inlets and outlets
lat=0.5579 // Latitude[rad]

);

fit BEZK A R AR A5 32k -
// Storage tank model
Buildings.Fluid.Storage.Stratified tan(

m_flow_nominal=m2 flow chi nominal, // Nominal mass flow rate [kg/s]
dIns=0.03, // Thickness of insulation [m]
redeclare package Medium = MediumW, // Medium water
hTan=2, // Tank height[m]
nSeg=5, // Number of volume segments
energyDynamics=Modelica.Fluid.Types.Dynamics.FixedInitial,
// Formulation of energy balance
VTan=1.24 // Tank volume [m3]

);

RS T2k -
// Chiller model
Buildings.Fluid.Chillers.Carnot TEva chi(

redeclare package Medium1 = MediumW, // Medium water
redeclare package Medium2 = MediumW, // Medium water
QEva_flow nominal=QEva flow nominal,
//Nominal cooling heat flow rate [W]
COP_nominal=3.5, //Nominal COP
dpl nominal=1600, // Pressure difference over condenser [Pa]
dp2 nominal=1600, // Pressure difference over evaporator [Pa]
dTEva_nominal=-5); // Temperature difference evaporator outlet-inlet [K]
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FEF:

model HTModel
ConductingRod conductingSlab
(k=0.17, cp=2510, rho=600, length=0.02, A=20, T init=297.15, h=8.7);
// Call and instantiate the heat transfer model
FixedTemperature fixedTemperature(T amb=273.15+24);
// Thermal mass initial temperature
FixedTemperature fixedTemperaturel(T_amb=273.15+26);
// Room temperature

equation
connect(fixedTemperature.a, conductingSlab.port_a);
connect(fixedTemperaturel.a, conductingSlab.port b) ;

end HTModel,;

R (EERIERD .
model ConductingSlab

parameter Integer n=10; // Number of pieces in thickness
parameter Modelica.STunits.Length length=5; // Thickness
parameter Modelica.SIunits.Area A=1.0; // Area
parameter Modelica.STunits. ThermalConductivity k=1.0;
// Thermal conductivity
parameter Modelica.SIunits.SpecificHeatCapacity cp=1000;
// Specific heat capacity
parameter Modelica.STunits.Density tho=1000; // Density
parameter Modelica.SIunits. Temp K T init=300; // Initial temperature
parameter Modelica.STunits.CoefficientOfHeatTransfer h=3.5;
/I Coefficient of heat transfer
ThermalCapacitance cap[n]

(dx=length/n, A=A, cp=cp, tho=rho, T init=T init);

// Call and instantiate the thermal capacitance model
ThermalConvection con_left

(A=A, h=0);// Call and instantiate the thermal convection model
ThermalConvection con_right

(A=A, h=h); // Call and instantiate the thermal convection model
ThermalConduction con[n - 1]
(dx=length/n, A=A, k=k); // Call the thermal conduction model
Modelica.Thermal . HeatTransfer.Interfaces.HeatPort a port_a;
// Heat port communicates with outside
Modelica.Thermal . HeatTransfer.Interfaces.HeatPort a port b;
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// Heat port communicates with outside
equation
foriin 1:n-1 loop
connect(con[i].a, cap[i].a);
connect(con[i].b, cap[i+1].a);
end for;
connect(con_left.port b, cap[1].a);
connect(con_left.port a, port a);
connect(con_right.port_a, cap[n].a);
connect(con_right.port b, port b);
end ConductingSlab;

WA (ERRERD
model ThermalCapacitance
Modelica.Thermal . HeatTransfer.Interfaces.HeatPort a a;
// Heat port communicates with outside
parameter Modelica.SIunits.Area A=10;
parameter Modelica.SIunits.Length dx=1.0;
parameter Modelica.SIunits.Density rho=1;
parameter Modelica.SIunits.SpecificHeatCapacity cp=1;
parameter Modelica.SIunits. Temp K T init=300;
initial equation
a.T=T init;
equation
A*dx*rho*cp*der(a.T) = a.Q flow;
end ThermalCapacitance;

XA RRTY (R
model ThermalConvection
Modelica.Thermal . HeatTransfer.Interfaces.HeatPort a port_a;
// Heat port communicates with outside
Modelica.Thermal . HeatTransfer.Interfaces.HeatPort_a port b;
// Heat port communicates with outside
parameter Modelica.SIunits.Area A=1.0;
parameter Modelica.STunits.CoefficientOfHeatTransfer h=1.0;
equation
port a.Q flow = A*h*(port_a.T - port b.T);
port b.Q flow = -port_a.Q flow;
end ThermalConvection;

FRERER CGERERD -

model ThermalConduction
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import SI = Modelica.Slunits;
parameter SI.Area A = 1.0;
parameter SI.ThermalConductivity k = 1.0;
parameter SI.Length dx = 0.01;
Modelica.Thermal.HeatTransfer.Interfaces.HeatPort a a;
// Heat port communicates with outside
Modelica.Thermal.HeatTransfer.Interfaces.HeatPort a b;
// Heat port communicates with outside

equation
a.Q flow = A*k*(a.T -b.T)/dx;
b.Q flow =-a.Q flow;

end ThermalConduction;
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