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WA LAE — @A _EREAT AR [9]. WE U R BT
RIMBA E KRB 1[10-11].

1.2. IR

HAT, SH e T RO 70 7 i T K&
FIEFE . Ma 2 [ 12106 X 35 R B2 AR 1) RE TR 2 Mk AT 7 45
H, AR X IR RS 5y Ta sUM REVR R 1
W71 SCHR[13-1412508 T BAL B REE R vk, (HIX
SRR B EE, HIEH TR E RS- Bloess 55
[1STIRIE T H il AR AR L A2 AT P A R VR AR FH B A A
TIFAZENEIE T, 4R RT3 30 & B R 1)
BT A, SCER[161M S5 IS T IR m 2T 22 BEE R
GUAPEM LR, DO RE A AR A . R
b BAEH R AT RN S, TR 71T 7 2800 T
VEo BRI, IXELLEIR[12-17] R &7 H S5 AL IR R ge it 45 il
TN, A S P R SR S

FHar b, WAAEEEAFRMEESAT T 45K
Chen [ 18P AT A RRIR R ML RS, fiBRE. BHY
BB TEER GG A P AT S R T SR S 4
ARBEAT T AT SRR, HAEZ A W B R 74
PERNZEVERE D), DAJCER TR SROZRPER 8 S Stk ffar it
BRI T B AL B DI 1R bR . SCHR[19140 45 7 1 Mk AN
e AT oA HARERBEAR, FHSHEb, =i
RGN 5 i AR A BIR, AHZBE T B R
P ERR L ECE IR, A W LR A TEIZ T REkE
s FE R (R 45 T R s R b, I R T R
5 SR S 0 7 SCR LA 775

TGS T AR IRR SR KL . WFR T
REUL IS A Y, XERAERE[12,16]. X ISALA[16].
PAEAR15,17]. PBEREAE[13-14,16-18]. HLAEMETE[16-17,
191 HENRZE[16-17]F1 50 4 UK L [17-19) 5 A S H A B

KL LT IR ROMFIELRA SCHR ) B 25

A3 TR e IR . SCRR[18-19] X =i R, Al
e A7t AR B S5 B R AT IR SRR AT T . (R T
X SR BT AR SR R R, o B AR T M S e
MILEIR LA IR . UhAh, 3R 7835 o X 8 50 5 SR 5
58 CREAL T R T 45k . Ik, N T i, &
RTR AR R, AR E L FrE 5 far Fl
EWINEFAT AT LRR .

1.3. B H

A ERSCHERZEAR AT R, B T R TR SRS M
SRR TR T LA AN e YR e ) 2, gy A Uk
H DOIREERE . XA by FIERESE, 17 20ms 1 S Ae SR
MIZEPE . R DEW AR & 7 AE S @R R =,
R SERF T A ) BH 3 2 R SRR M ey PR SR PR e A AT
FRrEo BUAh, BERAX LR E S, BRI B A IR bR
SHEES

PRI, ARSI 322 H B2 T e X, Rt fmr A
AT AT B @R SR MR AT KRR LRR
e, RHE B ST R SR M A TUCR AT T
Hx, AT HELF IR AR, MERARERE. B
ATk . AR T SR Sk R 2 AR A7 AT R Ik 2 R e R AE HE
1T 7RG LCBRIIX 735 PRI, 6 075 SR M0 S 1 1) g
NXOFEAT T AR, B A A R R SR SR
JE Mo BEAh, X AR A B e M R M RE 1 s
ITHRRPEIEAT 7 2 o 0 S B A RSS20 R0 2 1 2 A A b
HAT T AT LRA, 18 200 2 8 505 R M5 1 SR
AEAE B o] RN B R o A SCRT DLAS B ik o2 B de b 38 e A AR
TR M, XA AN AT 2 R R R P Ay R A, R
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Flexible resources

Supply-side

Demand-side

Year Market
Onsite power District  District  Power-  Thermal energy  Electric en- Electric  Deferred electri- =
) ) ) Others HVACs . ) Lighting
generation heating  cooling  to-heat storage ergy storage vehicles cal appliances
2020 [12] v v
2016 [13] v
2018 [14] v
2018 [15] v
2018 [16] v v v v v
2015 [17] v v v v v
2018 [18] v v v v v
2021 [19] v v v v v
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FEREL, SRVERACTEAREACOCE . B THRASCE, A
S AT = =% S [ NIE S P =R U AR 7
B WIFRRSC. SVCCENRESE, WE2PR. &
Ji s Ox P SCHRF I 180 e R DO AN T TTEEAT 4338

X6 5E A SCHR 3% A 2 T I 1A RS R 00 St AT 7

Keywords

O Query set for literature search

(1) Set 1: residential OR home OR household OR
appliance

(2) Set 2: “energy flexibility” OR “demand flexibility” OR
“load flexibility” OR “operation flexibility” OR
“demand response” OR “load shift” OR “load shed™
OR “load shav”” OR “load reduc™

(3) Set 3:quanti* OR estimat® OR calculat® OR evaluat”
OR defin”

Combine each query set via “AND” for literature search

Publications search

Part 1: overview of relevant studies
(1) Distinguished by regions

O Europe, Asia, North America, America, and South

America

(2) Distinguished by flexible resources

O HVAC, electric water heater, refrigerator, wet

appliance, lighting, and others

Search engines

O Web of Science (http://webofknowledge. com/)

E> O Specific professional websites

N
ePublication selection
O Title, keywords, and abstract
O Impact factors of journals
O Topics

Part 2: terminology and definition

(1) Terminology distinction

O Building energy/operation/system/demand/load
flexibility

(2) Novel definition development

O Building demand flexibility: principle, scope,

and measures

objective, direction, grid interaction, stakeholders,

Literature reviews

Part 4: quantification methods

(1) Modeling techniques

O White-box models

O Black-box models

O Grey-box models

(2) Quantification indicators

O Direct metrics

O Indirect metrics

0 s

Part 3: residential flexible loads

(1) Source of flexible loads

O HVAC, electric water heater, refrigerator, ...

<j (2) Flexibility capability

O Shedding, shifting, and modulation
(3) Property of flexible loads

O Operation characteristics

O Response characteristics

B 1. ASCHORBRZ .
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|2 UL R KA 7K

Set  Keywords

Meaning

1 Residential OR home OR household OR appliance

Set the search scope to be residential buildings

2 “Energy flexibility” OR “demand flexibility” OR “load flexibility” OR “operation flexibility” OR Set the keywords related to energy flexibility
“demand response” OR “load shift*” OR “load shed*” OR “load shav*” OR “load reduc*”

3 Quanti* OR estimat* OR calculat* OR evaluat* OR defin*

Set the keywords related to quantification

11“
9

99

Review Conference
B2, 5 1% Fh SCHR B

Journal = Report

%, SERWERIMEIFR. MFIFR, HAFEBER
5 RS2 P AT B 7T 32 B R R = 5, o5 BT SOk
54.4%; FH R PNAIESEM, o LS ik B 22.8% F
21.5%; HAZKME EH1.3%, HEZRETIEM. WE
FIZH 0T, 55 E A DO B d AR 7 RO S i 7
Z, S EIAETI7.7% M 152%, RGefHE. &
KA R AR 2. B T E KRN Z R4, BT
RZWAFE— M ER . WE3 AR, AR FEEX
WM. EAOKE AR B AR, HE s
36.7%- 25.7% K1 14.7%; 5 VKA AIHE B 47037 2 A 5% (R
A5 9.2% H18.3%; 1M 5% T FL AL 25 HoAth 3 8 2 1 47 ar 1)
WHICARD[20]0 X T2 A ffar O SR, DG AR 98 24
AR AR s at INTITD S B X N 01 S e N T N
WEREFEEEAT A2, R REE— DI
SR SR M A O TR 9T A .

4. BRFRMFRMERIE X =

4.1. KT EFEMERARARE

“FME” AE (AHiETEEE L) (Oxford English Diction-
ary) HHGE SO B DL R 2% A BURT I DL BE D7
20 22 90 4EAX, HITRG TREF EHIRGIN T Fethix —i%
w211 MoJE, IR MRS BB S 3 A YR AN g SR AU,
JUH 2 AR A B B [22-23]. AT, L =REH
TR FAIH[24-25], I SETE BT RE I [26-28], #E
B E . Bk, MBLTRRIEEME. =R

&3 SRR TR SRL I AR 1L

Continents Countries Ratio Total
Europe Denmark 10.1% 54.4%
Italy 7.6%
Belgium 6.3%
Ireland 3.8%
Sweden 3.8%
Portugal 2.5%
France 3.8%
Greece 2.5%
Spain 1.3%
Germany 3.8%
UK 2.5%
Luxembourg 1.3%
The Netherlands 5.1%
Asia China 15.2% 22.8%
Singapore 2.5%
Japan 1.3%
India 1.3%
The Republic of Korea 1.3%
Iran 1.3%
North America USA 17.7% 21.5%
Canada 3.8%
Africa South Africa 1.3% 1.3%

Electric water heater
14.7%

Refrigerator Lighting
9.2% 8.2%
Wet appliances
25.7% Others 5.5%

B 3. BUA T BT R 5 A o

PEL P RAEAZAT RIS 2 A 5 R FIERVEM R AR,
WEFE 3 AL A3 AR SEARTE I R T DA X 7)o AE4R 5 [23,
2911, AEEUCUREERE . TR, i Rt RA
RIS Lo R [291R U RN 52 SO “ A 3



REVRZE I [R] RUBE i 8 00 A A 2R 1O R 07, 4 e
VRV W] LS TR MR B . E17 2
W FL[8,30-32]H, FHLTHE RM Gk BAT F M BEIR
PERBA RS . R, ERANER, TRM R
FA07 e I A AR TS LA AR R 5 R AEE . NS A
FERE, BHRMAEETRME. FRMZHEMSITREEA
A& S IR EEARAB I R G X 4y i 4 o, VR4 R
W,

FEIXPUAN AT A, “ARSUREIR IR W 1 Bl s
CRETENTANFERIE, BEENRERS. &N
Ke g, AL, B, BaRE%), L
J R AT A[33]. TERFAEIR R ML M, /At
REVER AR (WIRBAREIGIR . IR ITIRFEHL WA F L =B
O WIZ N, RAIECD EEBUA N A 3 L AN R A
o B, YFEZREFR NN, A AR R R 1 R
A B THE s s n se R 32 1 [18-19,34-35].

IEAh, 2P REIR AR (G (8 F TT DS e i R R
WRGRIBATIZME, XM BT [36]8
“REFNE” [37]0 SCHR[31]EE W e AT X IRFA A (1) B A 15
FART DA XS R R R . BbAh, K RRIR R4t
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AR R &, v LLEd Ak & s it 78 i s A7 2%
PE[38-40]. Al DLid k(A <. B~ A S R
b R A =18 17T 1 [17,41]6

X T JE R, dd— B R SRR, £
TR BT LA . MRS R n S . KA A A
ARSI — Ry @R SRR B
CRS R [42-44]. L, EHMRREZEME. TR
2 A RIS AT S VAR AN R R 2 SRR, Y

S REVR SR M CL AR (R LA MR AN 5 SRS . AT X
NRETMERIBITEE RE M. KB EMEIETH P
AR IR, T BRI BRI T 83
fifs MHSATRMEM ERFREGER ARG TN FRM T
BT M) FR IR R IE T F - R o S (e . R4
e SCATX 4 IR ARTE, A DU 2R 1 2 SR G
BT, S EAE b AR TR, T LA Bl o e b A A
X 3 AN [F) R AL i s e M

4.2, WRIFFT RMZENE K E 3L
3 P SR B O RER T SR AE AT SR
RPN RHAREIAT T IX 0. 810, BeARE A

Building energy flexibility

Supply-side flexibility

Demand-side flexibility

Generation flexibility

Operation/system flexibility

Demand/load flexibility

Renewable power generation
0O Solar photovoltaic
O Wind turbine o..

Combination of technologies
O Heat pumps and district heating

Thermostatically controlled loads
O HVAC
O Electric water heaters with storage

o..

O Batt:
Other on-site generation anely

O Combined cooling, heating -

Active energy storages

O Thermal energy storage

O Refrigerators
o..

Non-thermostatically controlled loads
0O Washing machines

and power

O Fuel cell
o..

o..

Passive energy storages
O Building thermal mass
O Phase change wallboard/wall

O Clothes dryers
O Dishwashers
o..

Battery-based loads

O Power-to-gas

o..

Advanced technologies

O Power-to-hydrogen

O Electric vehicles
O Vacuum cleaners
O Laptop

o...

B 4. @HEMMFARIER 2.
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LSRRI REVR/ T SRS AT Fe . X — . AR, H
AIAAERZ X TREARE N E X, HZ —NF—HE
o AL EFRJFETTRMZENM:, FUE A LT85
TR & SGHAT T XA, e IERt B4R T
— NGRS RR SRS P I AT AT 5E S

A GE T DA T A 6 8 R SR M 3 1 Y E L[,
18-19,23,45-47]. M T ZHW 70 A X 70 @ sl Re R A
ST RMZER S X, SR 4 a1 T @S
(5 X o PTLAER], XEECT M E X Ja 3L H AU
PRI Fter LI R AN RSk, B F R BRI
W2 TR AL T oK . R, KB4 e UAEH A G F
TR ESMATE. Ak, Ko e A A E
I B ) FH S SRR AN AP F P @ . AR A g
BEIX—JE, R ORI e A N S AT R B
P S BAR A CE AR R 1. T Bk, &
SRR SRS B T — AN ST BT R 4>
T E S, BRI —FReEANG A F P R 25 1 B4 T a7 2
e R0 % P U DA R B e T A7 A ot 2 DAV R AN R 7R SR R
Jo S “HF IR AFEEAS PR F P AR £

R4 AR RS R ROZE R 5E X

fif s PSR A2k, St A REIRITE N OREF
REUR ARSI E PR SROLMIARSS . B S ™ FH ek
A& R PR R B EART P RS
Pey TARRER. (@REAERIESE. B8, ASCIR MR
i SRS R SN VSR, AMOE T AT A 2k
LR DRSS, o T R Ml R SR A SR A AN R K
R R

ANSC T BERIEAT BB SRS A P R A B
SR ZE SCRE TSRS S, B 25 SOh
10 GG A e B HU P A IR BRUR, 1208 AT LAY
e B FREIRANE . R S XASIR A€ CE AW TTR
) E SCEEAT TR AR, ASCIR A E SCE IR,
oY1 IVAZE RN e I S A

5. FEERARMENE
FEEEIFET RO AFRMK KA. WE s

ZIT I SIS EE Ry iR IR SR LS P PR RN
M A (BEHEE). FIERS. K. Kt

Source Terminology Definition

Tang et al. [19] Building energy flexibility

Jensen et al. [1]

The ability to reshape the normal building consumption pattern under various requests from a power grid

Building energy flexibility (D The energy flexibility of a building is the ability to manage its demand and generation according to lo-

cal climate conditions, user needs, and energy-network requirements; @ energy flexibility of buildings

will thus allow for demand-side management/load control and thereby demand response based on the re-

quirements of the surrounding energy networks

Johra et al. [45] Building energy flexibility
thermal comfort
Neukomm et al. [23]
De Coninck et al. [46] Building energy flexibility
Nuytten et al. [47] Building energy flexibility
during the day

D’ hulst et al. [8] Flexibility of appliances

The capacity to shift in time heating use from high price to low price periods while insuring good indoor
Building demand flexibility Capability of distributed energy resources to adjust a building’s load profile across different timescales
The ability to deviate from its reference electric load profile

The maximum time a certain power draw can be delayed or additionally called upon at a certain moment

The power increases and decreases that are possible within these functional and comfort limits, combined

with how long the changes can be sustained

RS FME LR

Implications Previous definitions Proposed definition
Objective To decrease energy consumption at peak time  To curtail a building’s peak loads, ensure utility grid stability, etc.
Principle Mostly not considered Not compromising end-user interests

Application scope Limited application scenarios

Direction Decrease energy consumption
Grid-interaction

Stakeholders

Energy tariffs
Individual stakeholders
Flexibility measures  Load shifting and load shedding

age support)

Various energy networks such as heating networks, utility grids, microgrids, etc.
Decrease or increase energy consumption

Energy tariffs, local renewable generations, and CO, tax

End users, aggregators, and utility grids

Load shifting, load shedding, and load modulation (e.g., frequency regulation and volt-




ML (CEZEAR AN R KK o) M HL B % [48-49],
ANEEF B LA F 501, W TAEB@HN, @it fn
L2 S AN i1 AN B < S ey v I S N
BT R MZEPER29]. WK 3 AR, AR LEd R
2 RGO RS, TR RS, UKAR ARG B E B SR, A
I, AR BT IR SR A7 I S PR R ) AS AT R
1TERIR

5.1. =i

G R IBERE 40%, S SBEFMAEEH
FH R U G £ R A [51]. S @ H ER FMAEE,
DAGERE S IR . W R R BRIR EEAE T R G Y, A
TARIE P ErE v . TAERCR A HE[52].

23 Sy R B (A 5 SR A S P 1 77 30 B U R e U
FNTRA T o 8L B2 iy B T RE,  PT DA I R e L B B 1)
M (HE, BT RRmENE NG, S ERE R
VILEME, K38 E 6 (@ PR BN, ok, W/
TR A & — P2 B TR SR O RS . %SRS
FE SR AnAAEEFRETD . = W25 = A Kby ik
(hnzk BRI RS (R P [53-54], ZE SRR F I,
AN P i EFiE . Wi e (b Fiw, =] LR
S R0 1 A0 T VA R A R A, 7E R v e
R, 5 B R AR A A . A, A RAE AT BUIE S
BRI S KR R R A 1 A5 R SR B S e 12
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BEFAT RIS [S1]. EIR TR, IR R MR
G B v N R 7 W TR 2 2 A A i L T I s R A A
55-56].

— MR, A R LEAS [R) TR SR N EE S W R 1 e R
[F)\ TCRENE [R] o] 7 4 2 ] ) DA R 877 5 % AR sk 7 4%
Wi SRS AN R o R 6 i, 7E VR A 15 S TR FE 1 e SR A
EILHERE N, S YA S EDE /N T2 min, YRR
5~30 min, FHREIHRESEIT [A] 4 0.5~4 ho  TilvA/ Tl #4 5K W 1Y)
Wi J97 65 452 1] 1] 547 0.5~3 b, L J57 EsF i) KT 355 ) () 35 A B
e SRR 17 2R, 2 A 1 g [ e )38 o /N T
1 min, Wi R FRFSEI ) A JLRDBR 38 JLor B AN . 25 1 1 i
LRV SZ S AEIR . LBR I B E 1R B R G iR 55 2
R R, AN R S A A A F B E R . Al
B N SE IR B R GG AEIR (57, H AT, XA P SR
FL K AR 2 R FH A7 B85 A W TRNSYS [26,58]+ EnergyPLus
[55,59—61]. Dymola [35]. GAMS [62], —Se#fiIBE &
I [63—64]55, DL R — X4 SR BN (1) 77 1 [42,56,65]TF J&
(. SR, ASCIE I IX A7 B T VAR XA S 2 U P I R
P, 7 I K I SR AP T 5 A 48 7 (R o AR
tbAh, BUARETL OB A T AN NS T 25 8 G ar S 14 1
Wi. (R, BT &R MAETSRBE., DR FAM
TR R EA— SIS, BRI LUK & 75 (0 2 1%
B LG RIHAT LR

@ Dishwasher; @ coffee machine; @ microwave oven; @ electric oven; & soymilk machine; ® kettle; @ electric cooker;
range hood; @ refrigerator; 0 electric water heater; ¥ washing machine; @ clothes dryer; ®vacuum cleaner; @ air purifier;
@ electric hob; (8 fan; @@ drinking fountain; @®television; 4 packaged air conditioning unit; 20 electronic devices; @)computer;
@ laptop; @ packaged air conditioning unit; @ lighting; @ electric iron; @) hair dryer; @) electric vehicle.

B 5. A EE @SR A .
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Summer Summer
Stage | Stage Il Stage | Stagell |Stage lll
limit,upper /\\//\\//\ limit, upper
§ indoor ;(3
E E indoor
2 2
3 7. LA N A\ S S WAWAWA| N
e V V] \VARY, B \VAY/ WARY,
() (0]
[ [
limit, lower : Tiimi(,lower
Response period Response period
. Mt
Recovery period Pre-cooling period  Recovery period
A A
0 ! Grid signal 0 " Grid signal
Time (h) Time (h)
(a) (b)

B6. ST RMFL. (a) WHEERE: (b) Hik.

R6 AU U R R R
. Response o Response ) ) .
Demand strategies . Ramping time . Grid services Potential
time duration
Set-point adjustment <2min  5-30 min 0.54.0h  Peak load reduc- - A maximum decrease of 0.005 kW -m™ in peak power [55]
tion [26,35,42, - A maximum load decrease of 1.2 kW per household [42]
55-56,58,61, + A maximum load reduction decrease of 1.9 kW per household [35]
63-66] + 15%—-20% load reduction [65]
+ 22%-37% load reduction [66]
+ 200-800 W load reduction [26]
Pre-cooling/pre-heating / / 0.5-3.0h  Peak load shift- - Average 800 W load reduction [67]
ing [43,57,59—- - 15%-30% load shifting [59]
60,62,67-68] + 12-66 kWh load shifting [57]
- 36 Wh-m™ load shifting [43]
- 25 kWh-m™ year load shifting [60]
Static pressure adjustment, <1min / Seconds to  Frequency regu- - 15% of the fan power can be used for frequency regulation [69]
supply water temperature re- minutes lation [69-72] - 4 GW power can be provided by variable speed fans for frequency

setting, frequency control

regulation in the United States [70]

5.2. HIHOK 3

HL PR B A A 1 BE A Al K SR A K X
[51,73]c Horp, MK HOKSRTEE TR FF N 2.
fiti 7K 2 H AR B I (R G2 AT, BB TEN 17K, KoK
IRAEFFE T H RGN, R E R AR P . @
WEARZET, HAF SR EARRRBERE.

e HOK S A B AR TAER, g K EE N IR KR T
w4 IETTAER, BT PO R LR, K EEA
KR T FE[74-75]0 BEAL,  HLFAOK AR B E IR R AT &
T b/ R BR R R . AR AR AT DA RN B 47 g
[51], fH2SZH P A& &R E X w76, 520K

ek, FH P AT DOE S A AR # I B I, AT B
ERT B FAT o 37 2R wT LAk %ot FH P R e, S
B AIG L P K BRI 2R [68]. — B SRMA R 450k, HHhuK
R LR D 3RASIB AT, B RO IR B 46 % e iR 8]
LML, AR AOKEETI S, TR — R s o
(10 % o WA 07 A7 FFD 75 SR O LSS o SR, T B s
HOKERIIAIR[T7]. dhol, IR RS AL Y
S A7 Aar PR 1 IR 55 (78] -

AT, FEE AR RECE IR T — 2 it
7 LAE. D’hulst 55813 T Mz sl &, PEAL 1 %€ )
HN2.A4 KW I HEPOK ISR ). a5 RRE, oK



P K IR Y E N 0.3 kW, EA R LLEFS:10 h B
bo N T HEMIRMEEE AT AR ISR =&
GRS, SCHR[781%ET i K U FE HOK B85 T — Mo i 5
B, A I I 25 SR R FH K S E KR PR B KR
N BRARVEAE Fugg, SCRR[7918 HE T — ol el e 42 1) S s
TSP E @A EHOKEE AT, SCER[801LAH 1
FRAS /MG B bR, AR T BRAOKERIET TR,
BR[81-841 T Ji& T R MARIAF FL . Hhah, WA Kl HoK 2%
5o sSO6AR K AR S & I 7 [73]. UK S R
U RO ) —Fp 2 G B BR, ATDUH Tk %
B My futer, DAERRRMMRREIZAT . R0, BT TEIX
JITH Fe b, itk X L RK S TR AN R 75 SR 3 5
W P I 7 AR P AT AN 2E (85

5.3. UKAH

2 B FAE e AR B kAR th AT LUK H AR R
MIZEE32,51]. 52T, VKA IS 2875 R 4006 P05 #4
AN PR ) e A% B A R [86] . i HLRlERIE AT, [
A E R FFLE P IR VG, AR B YR M [87]. UK
FaRr DU I EAR D) 2R Mg AT I 7 AR S [5 1], R
AT DL i i 2 8 T P ) 7 =R A AT [88], AT g HEL IR
PEALAH BN IR 55 BEAh,  VKAE thmT DLt £ far 1 R 5%
[89]. SCHR[QOTHFFL 4 LB, UKAR W] LAPRIH ) )57 H Y A%
T30 s BN RSS TR 5R, AT DASR BERFSERT O 15 min (45
RWTTRSS, BT LIS b I R 1 AR AR A R A
1 h 5 HISRR 55 o B T IR AT, KA o A 4
HoAAF S IR D W OCTE . AL, SCHER[O117E 43 B H AR (1 L
WHLHIR, P MUGIEAE 5 RS AT S v H s, A6 T
— Pl G AR AR UK AR RIS AT

5.4. IBHLAR

W, WA AKX H[92], AIEHEMIL. AR
BUFIEET-HL, 5 KB BERER) 15%.. — Mok, XEik &
s AT R, HAREDE RS T K. H P RE R
BFHED), —&B3, BEHEN T ERET AR R A
RRW. AR, MEFERAEANE A G, SCER82,
93N HL 2 (3 AT AT LA A — RAELL M By, 7EAH
AP B2 B AT AR 4 1k

B BB SR AT B 2R IEAT, RN AT I
WA R, WP LA 4. BT R
TR IIBAT I (], DRI AS BE AR FEL 2 AR I8 AT B 1) (1Y) R
FE, WO AR SA B AT I RE 77 0 HL2R A 75 SR 2%
PEEL T FL S R A —— (S e ey, LRk
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Ko fEHHEEE, Bemipl e R — ot — R —xEL
PRI BRI FHLAE B R A R A v, 1 A R Ak
B AR AT, 2R, MRl AEESIE. A
FURTIS N 25 R 2 IR B2 (94951 b 4t, T4 H A& & LA
T AN R 255 PR A A e G BT AN ] [8,50]. A 1 &AL Al
TR A IRk BE /1, D hulst Z5[814 N T “ZFeik & 1”
(flexibility window) [, g MONIE HL#S fo v i 50T
BIEAT FR M 45 RIS AT TR) 2 TR PRI o T FE B8 70 M
FUBR B SR an B 7 B o AR MR B BT K £, g0 AU
BT RFEEIN A 1 2 IS B, T P 8 HL A AN R O SRk
1. WET (© ~ (O ATLUEH, MBS RAHs HE
B far 2 NI I B e 78 fEELT (@)L (b)) () AT ()
BRI, W FL 2% 19 430 FH F 4747 mT DL DA ) B 2
Bl k. Fith, @EJOFEE BT RZER W
wHE.

SR AEARIIEM, FHEITRE T KEMP, H=AK
T H 2% O 2R 1 B A [8,30,50,93,96—102] A K (R 38
A5 A0 AT A B 4 AN [R] 1A R 2 A G 38 R (1 ) 243 [46,81-82,
97,103-107]. JFJ& i mif 55 1 T B 32 A HE 5L 50 [8,50,92,
97-102,104,107]. 17 E[81-82,93,103,106,108—111]. 2
[30] LA K 556 5 17 BLAR 45 & 1 77 3026 [96,105]. & T 5l
B o M PR VE D7 2 VR4l R F 2 PR IR 5 Tk (98—
101]. E e/ EELIH R F AT AR, RS
SIS K BE S AAEIR A BE, FETSIEE
FERFRERIRVEF R 2k . bR Bt T PP Ak v B8 42 [
FIZ M S AN1T 2[8,30,50,93,96,102] . @It 45
ARSI FE AT LA B S S R S e —— VR R 2T
R T RE ST, AR TAE H RS I TAEH &,
K ZRI R ) E 2 [8,50,101-102], 1 H. ] PLK: 3
Fae MR LR [99-100];  hAh, BRBIATLI 57 faf S P I
THEAHL[30,98,101] Ay T R4 a5 L PR 5 AR 2,
T R R H AR B AR F SR T AR IS AT I R], R4
SE T ELA LA R AR AS B A K R HZ AR, mp BL
Wit 5286 [104,107] 15 E[81-82,106,108—111]LL & 5286 5
/i B 4545 1) 77 30[96,105] 73 2 AL 28 T B v Il . iR
FRY, (N IR AR 1) R R R 2K AN B B [RIEE, mp
DAFE im0t A 20T AR BR R R FL IV 4R, AR R

5.5. Y

MR — A e L St gy, L REREE A B
HEBEFEN 10% [112], FERDEEF ISR 15% [113].
B R gl 5 B ROGIREC S 25 - 3R AL 2 0% I 3 87 &
PEo —MCHE B 3 B M A HLr iz AT, A S H i
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B 7. 8RRt R TERF S 1.

S e i B S IS S 7 87 R B NG B SN =S )
PRBVRI R AE 1B B [114-115]. M HOE R 883 2 = N IR 75
SR, AT DAZEAN 3 P ML &7 & M B R R IR LR
BI[114,116]. 140, 48 5 a1 %= 1 IR RS I 500 Ix
I, w] DLdE I RR YR R G o P IR B [117]. PRtk REEH
F G n] LIS H gk s e BE ek . 5 A PR AN H 8 A A
FMEGAELL, BB RR RS . thAh, BRI R SRR
PR SR R SR, A F R LR B AR S, HAARETEAE
IR[19]. HEBA A S0 5006, BRI DR a8 Py i 20 (9 g B 1
YD) A G, AT — B2 B S O 52
IAESR, WA RS O iz MR A T IR R
o BT R i VR B R G0 T DR R R AT A R O
[118]o SCHR[351R A = AN A i 18 15 7K P 52 Ao U T B e
BB SRR 770 SCRRIII9TAE 78 1 W9 M A [7) 114 H B 47 1 )
5 SR ) A 3 W —— SO Y VR AR A % R IR R TR FOk
B YuZE[11517E 2% FE H IR S 2480 A B 15 s 8] Bl LA )
Eemlh b, PR T MR TR IS IR, R
F Ot AR AR B30 TR 22 4 B e 28 T SR TS 5
(AFAE R A5 A T VP A5 AR D) 75 SR R R g 3147 e i 4%

REI PR RERE bR -

5.6. 45 LR

AR SCHRGER I SE A b, Bgh T . BAUKE.
UKFE TR IR ] R G AR RS ) B AT R T T ) 2
o WMRTPR, ERFVESGRAGARBZMER . &
8 A0 g o AR 0K BERE RN s BRI R G A7 g B AT LA
F SR DAV, T H S )t R e R A A . A, B
T BA AR TR FW . B POKE VKA
[ EIzAT, W RGNESHEIT, MRS IT AR E
SRR oAb, XL A IR AR A X0
WERFEMEAT)FERMEH, BHROKBIMKE 2Rz
17, M RSESRMEH: BB NE AR TH P,
E TAEH AR WA AR EFEWBATR I, i
IAE B ZE AN A 20 I ) AR R s UK SR AE AN [F) 22
BRI AEE AR S TR AR BEARATLA A AR 2%
TR o DKAE S Pemu bl AN R B A A 14 FH 52 3= 1)
ALY

BRIk Ak, e R0 A e AR X AN [R] R 2 1 A A A A
[F R RENA o 570 Fa SR i S A o A RS AR B, 5 SR |8



FARI R A T REAL AR AR I RERESE N el D BUORFEAS
o FEIGRT LN IAEER: HERRE. @Ry
SERPVRRAE S T 87 4 22 B TR FN 152 4% 1 80K [51,59,67,120]
U AF B A 2 A% B AR VAR T BT, 9 P28 1 BE AR TR FEAS
A, RN R RIEARE I RIS AT . SR, i vek B 6 e
BEREARAERE. MEAL, 3R 7 BT (AT U845 47 g FH A A% 7 At 1)
FEBER IAR b, B ET— AN B S S R g — AN B
MR, DR, Xt SR M S I TR A DG T B 47 A
MRS RRITEE, BONE— N BRI 2 —A
BRI . 2RSS Fum RERHER K &b, &
W HROKER . UKFE AR B RS — B 2R 2 RS
RGLFEMR, WM LT AZ S MEEm. BT L
RFFIE, T IX Se eV 67 e 3 BAR s AT R, A2
ITHY BB DS s ANTE 2, T AR HR A 1 S BRI AT 4
PETF AR HIE T o b, St 3 b 2 4 7 g P o 92 3ok
FE TCIEISE] Wi RLRRSERS [A) L BE G R Bl I a F 5)
REREPE AR R I — D A

6. EERAFRMREERTE

FEWIHA 1 AE B FUR SROZEAE S s, o &
LS 7 2 AT R A AR DR OB P AL — o JoRAMISR

RT (EEEFAR RIS R
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PER A N ERIERE, WEBEZRER. RN
AT AR RN PP A F5 B D it SR SR A B B S s R P B
BT THZMRE . AT, RSBV AR SR
AT R R PE A TR PRt AT 2 T AR 25

6.1. (EBEFIFNE i Y

6.1.1. BTV

LA W 78 R FH 22 P 77 2 3 ST A R SR S M A A
B, MBS R MR =2 O
F AR RRARRAY . AR AR

 BFEER, ORI 3 B T AR E . Navier-
Stokes 7 F# . At B 57 1H € A 14 12 (2,63]. AR B AE %
VEANHL AR Z M g PO SR A BT RS, A5 B (AR AR AR T DL
SEIUAN [ TR A . AR s NIRRT LG4 #T [43,54]. A8
MM, AR RS2 g g b3 52 2 HL 36 00F BL A IR [26,58]
WEAEOT, %% FE R TRNSYS. EnergyPlus il Mod-
elica 2 b B N7 2 1k 7 A 1 I R

< B, O T RN, BT R
B, TIEMEE AR, R B e, 2
FA RS VR DCVE R TN R N S, TEA T RRRE T
R BS RSO T, A B — € BT B g i 50t
SN S RO R [2,42]. SR, EHIBA RIS B

Operation characteristics

Energy consump- Time prop- Weather

Category  Appliance Capability
Running mode Usage frequency Seasonal features tion changes erty property
Adjustable HVAC Shed Intermittently ~ Almost every day in winter ~ Various operation Increasing, de-  Dependent  Dependent
loads Shift, and and summer modes in winter and creasing, or re-
modulate summer maining constant
Electric wa-  Shed Intermittently ~ Running all day Various temperature Increasing, de- Dependent  Dependent
ter heaters Shift, and settings and standby creasing, or re-
modulate heat losses maining constant
Refrigera- Shed Intermittently ~Running all day No obvious seasonal Increasing, de- Dependent  Dependent
tors Shift, and differences creasing, or re-
modulate maining constant
Shifting Dishwashers Shift Finite cycle Depending on occupants; No obvious seasonal Remaining con-  Dependent  Independent
loads with sequen-  twice a day or once a day differences stant
tial processing
Washing Shift Finite cycle Depending on occupants; dif- Various usage frequen- Remaining con- Dependent  Independent
machines with sequen-  ferent on weekdays, week- cies in different seasons stant
tial processing ends, and in different seasons
Clothes dry-  Shift Finite cycle Depending on occupants; dif- Various usage frequen- Remaining con- Dependent Independent
ers with sequen-  ferent on weekdays, week- cies in different seasons stant
tial processing ends, and in different seasons
Shedding  Lighting Shed Continuously  Used every day No obvious seasonal Decreasing Independent Dependent

loads Modulate

differences
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KEmmEddE, Bz @grks3,62]. i, HKk—
AN 38 A At LA PR XE[89-90]. i %y, R LASK AN T4
L2 28 R0 S T S ATL AL 38 2% 2] 7 VE R A AR

o IRFEREEL . AT R AR AR R AR A Y 2 [A] ) KA AR
RO T Mk A A . AR R AR A T AR AR A
BAAR I A4 [78-79], fife T RE, HEA L
JE. UbAh, mARE T ECR, BARE - EREE BT
BEAIARG FE[102,109]. 47T E LR HFH-HZ (RC) 5
TR 2 Sk A R AR Y [121], 2B R A PR O 55 3L
HSH (ETP) HM[7,64,122].

6.1.2. BLALLEIA B T A R 1)1 0

KL T FERAY I FEAS AN A AR Y AE I A A
FHW NG TRLE S, AR 2 T2
F B 38 AN UK A S5 R 4% AT I @B . TRNSYS. Energy-
Plus F1 Modelica 55 i MV 31 A7 B AL AN 25 U R G 2 1t N 2
BT I N2 o A B LA T DR 25 5 M S E
N GikE:S N E Ak ey AN N R A R S 1 K S
XA TIIIE. Bk, 0 BRAHRE S B B R
G AN, W2 [73-76,78-80,83—851 K H FA4A
BORARA oK SR E,  DLIA B3R IR D is 4T 2%
MM B KABA 3 B T2l KRG AR L2 A,

R RIS BT A ARSI £ AT BT 4 ¥ 8 5 0

IRADFHFUKAE . BoAdkUE, RCHEAIE H T8 4k 12 i) o
AN RGE[123- 12418045 Fofh SR 1 1 — 2 K [38, 121
122,125-126]. XL A] DL FEAZ DN T RSN
Ftk. XNTIRES, WERKEESRE TR —4A
AW E AT B, BB B ThEEE, AT
BT RS . SEARAR 2 A TR A s i A, Sk
(12712812 TS %, RSG5k B TR E A
TEREEH I . deAk, AT DU FALE ) 775
HEMAEN, RS IHRGEREZ TR 1.

R TR, ERF TR AT, AR E AR
R RAANE T RURSEE M, Wl
AT FRTRA AR ;s kb, BASRAEH T2k
REBMIZME. BT, ROGH T A, 2
FAASE B RO AR A B LE AN () B P A 45 R R 8

BRI I IE O A1 A B S M S er A8 7 T T &
TREMTAE, (EFFATE LBk AR AT DATEH
PR TV Gt s SRR . SR, BN EH B TR
JEZE SR H P AT RIS F SRR, R R A
MR . M2, BAEEAUATER KLY
PRAREAY, W] DL T S B AR R e .
FARE AL LR T P MR IRAE FIAT y, B AR 14
S . SR, XA IA TR BRI SR AR, TR

Electric water heaters ~Statistical method with measured data

Flexibility evaluation at aggregation levels

Model type Flexible load Method/software References Purpose
White-box HVACs TRNSYS [26,58] Flexibility evaluation of individual HVACs; sensitivity
EnergyPlus [55,59-61] analysis
Modelica [35,46]
Others [43,57,62-63,68]
Electric water heaters Physical model [73-76,78-80,83-85]  Optimal scheduling of individual flexible loads
Refrigerators Physical model [ Optimal scheduling of individual flexible loads
Grey-box ~ HVACs RC model [38,121-126] Optimal scheduling of individual or multiple flexible loads
RC model [7,64,129-133] Flexibility evaluation at aggregation levels
Refrigerators RC model [88,90] Flexibility potential evaluation
Wet appliances Simplified model [81-82,103-111] Optimal scheduling of multiple flexible loads
Black-box  HVACs Machine learning [42,56,65] Flexibility evaluation at aggregation levels
[
[

Wet appliances Statistical method with measured data

8,30,50,92-93,96-102] Flexibility evaluation at aggregation levels

RO FRRETY AR BT R RS LA AN 5] S8 FE A7 50 1 8L

Research objective

Model type Flexibility potential evaluation Optimal scheduling/control

Individual flexible load Multiple flexible load Individual flexible load Multiple flexible load
White-box v v
Grey-box v v v

Black-box v




X EEHHR 0 RRA L R, 3B T B RS S S B ] R
Pltk, TFE—FPEUE. AR HETRIN 7 VEIRAS 5 L 1 SE bR
BATEAE M BEAT A S B . BV AR R N A St
[134) A0 547 73 fift 75 [135) 7 — Ff B AL k6 B 4h,
T @R IR ER MR EE IR ESR, &
TRV P SRR RS PATR B . R
BRI, LR A H RN ] BRANBE ARG L AF R R . )
AR BRI AR, 75250 — 2D WA 5 S DA 1Y
IBATRAVE S R SEREVE R P (AT ST

6.2. ity KM MEREIS

NTEEEFF KM, FEEFETENELR
bRy MASFRIRI AR 5 1A EORRAE SR . AT BLAT A
TR FEBARR AT RS, IR MR R ER 2
PIZE: EEETEARN MR R bR . BTE B A T
FURERMZAEAE S TT KRN, 15 2 RAL 7 SRR
FELEGF AR T F P BE -

6.2.1. HEZEIER

PL “ma RZeME” (downward flexibility) A, K85
HEHOFAIR 1 T SR N A o A e SO . R
T HIR B TG SR RAE 5 )5, &l — MR E], FHR
YRURH 2 1) 1 T FEAIC T 2, I DA/ D 3R HF B as AT — BU
Ao FEFRRMBI MG T, Tt i aeid — Bt [ERR &
FHPREE B F RS . EIAAF, F=ERHAAFE
FR) i B Bl IR 75 SR e N2 A o Ve AR e AR ¢ DR (A
“REER” R FEITHMRE. BENEITR.

AT E BRI BLR 6 AN TR bR R AE B 505 SR ZE P
I Ih A . SCHR[35,67,136]1 K H 75 SR i B2 i1 3 2R P,
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FALT RN T2 Re e s SCHR[48,86] K FH 5 =K i 5 3
B] PR Dh 2 22 S FE b AP RAE 75 SR ZZ M i Dh = ek, wld
X (D THE SCHR[26]2K A 75 SR B 8] P35 D %
72 AP RAE T SRMZFE R D3R, THR () 1HEA
Bl SCHR[29]1R FH Th 2 il 95 2% FE Int, RAE 75 SR Z2 1 1 )
R, sk (3 . Hint AL, SCER[101]H 48
T AR TR R AR Int,, Fon N (4. Ak,
1E 2 2% SCHR[29,61 15 FH 7 Th 28 A8 4 26 Ram,,, RAE T
SROZEPE R DhZeRe e, Fo SO ZR M f s S AR e e RS 1
B (S 8] 5 i RS /AP, ZEs

AP0)=Po ()=P. (1) 1€ [t,1,] (1)
APave: zpﬂe(t)_Pre(t))/tzt_t()) (2)
AP
Int,= —= (3)
Abuiding
AP
Int, = ave (4)
" Nhouschold
AP
Ram own — . (5)
‘ (tZ_tl)

S, PR A R E 3 AT T 1, i,
95 1A LS S8 B T 6 U SR ) s A R BT
Ny JIFE PV B 1 0 1, 2 T SR 5 W T A AT £
o ) 1 1 B K e

T 2 8 59076 o e P AR IR 7 T O, SR
[LOTHIF 5 T e 7 4 7 75 s W61 % 8 1 ¢ A e 6 W 2
IR (6) B, W SEE TR T F6 0 e ST H A ()]
S0 AT R AR BV R B S SN 5 B R R .
SN 18] T, 227 75 o 5 T 20 W T A 3 A0 0 o T 2

A
Activation Activation
signal starts \

E La @ l~©~ < ® «4@>a - — @0 p
:/ & Bl re
A. ¢
) @|\ ®

v \i v

Pﬂe
ot ot t Lot t g
Time (h)

(1 Power capacity; @ response time; 3 ramping time; @ ramping down rate; 5 duration of flexibility;
® direction; @ ramp up duration; ® energy capacity; (@ duration of rebound effect; @ rebound effect

B 8. A5 Rma B o e A AR RO RE . P RS 5 R SR NN D Py SR S AT )
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BTt R E][29], ATLL@EE 0 (7D 5. %i%ﬁ%
PRI R EEIS 8] T, PTEARI N (8) T15E[34,40]0 BLAN, %
BT T SR LA 5] Y e RN R 2 I )
Tvowr 18 bR R 75 VK A1) 06 2% A i 5 BO IS 6], W] |
X (9) [34)iHHEE,

T,=t —t, (6)
T.=t,—t, (7)
Towne=t:—1, (8)
T =ts—1, (9)

X TGRSR SR VEAE e &7 TH AR, RRS ARG
SRR I 2 T SR S 3 18] 50D () B E Egipper  BA ST
FEU R = R B AT/ B RERE . BT AT L@ A0 (10D
(60115, SR FH WAL 7 A )k 25 5 e, UG L 7 i )80
SR A 2 B 75 SR M 2 P 7E B8 & 7 T PR, AT 4 i B o
A A A2) WE. WT RN, FRAmE 13
JIT 7S IR B B 80 RE 5: BUIK BA M ) RE AR SR BR E g [47] PAJZ
s (14D Fros BAET & 5 SR ) IS B ) R fsz 3505082 40 1] ) g
FEZEHARIR E i o [291R TR 6

Eyn= [ | Pu-P.0)] dr (10)

f | Py ()P, (t)|dt

Int,= = (11)
A buiding

= mPﬂe(t)—P,e(t)| dt/f:'Pre(t) dr (12)
%mffﬂmmrﬂmﬂw (13)

Evu= [ 1Pr0=P. @] ar+ [ | Puio-P.0] &t (14)

N T BRAE TR SRR, F o AT 0 R
A, M SFEEEFERI AL . Le Dreau 25 [60]32¢ H T £ w7 Hil
B R AR bRy, IFRAZAR bR € SO AN 5 75 oK

Wi N S RERE 2 b, RAERTH M 71, sk A5 Fr
INo A LA HiZ AR bR B L HUEE BN 0~ W12k (16D
Fr, WAEI[137-1381 K et R+ Fo 3R AE AT H 2Pk
W1, ZHRARIBUE TSR A -1~1, 750 R ma B H 4R
AEREDL T, ZIBAR N0,

| f|Pre (0= Py ()] dr/ | flPﬂe<z>—Pm<z)| de (15)

[ 1Puo-P.0| di- [ |P.)-Pi)] a

fle = 2 t (16)
[1Peo-P.0 de+ [ |P.0-Py)] ar

6.2.2. Al EALTR bR

bR T BRI R 8 AR5, BUA IR 5L
K (A1 S AR AR SR VP AL 55 SR B SR R G4 B I3
PREEMEZI . XS, EIREFTR RN 2% 8
LU a, MBUNARE 2 OGO A AR R HE . BT
SRONZEVERT RGZGEAEMRRIER N TR A H &, &
SR N Z A (1) 2B T DABRAIRIZ AT AR A A AR HE 2
SRR 2% T BUSAT A (1 3G A& A R, DR
22 AVEA A58 R0 308 5 8 R SR N S A S 38R A ) R
mhE], el (17) ~ (200w

AT BRAS T LI 3 C, o B AT AR PR o 5 F 11T
il TSR M E B a, ATl (7)) fst (18)
THEARR. BAh, SRR TSI, BRI T
Fipe o TESCHR[42,77, 1211 tBAT (6] T%ﬁ(w)ﬁﬁﬁ
Flo Q0> Fow, ERGAE T, FERMA -
B AEFE bR Em [139].

Con= [ {[Pa®)-Po ] xt0)} dr-+

ﬁs{[Pﬂe(f)—Pre(t)] xK(t)} dr (17)

f{[P O-P.(1)] xdﬂ}w+J.{Pm@ P.()] xx(t)} dr e
o= 18
f[P Oxx(0)] dt+f [P.()xx(0)] dr
f{[Pk(g—};(g]xxgﬁdp-f [P.-Pu(®)] %)} dt
Foes= . (19)

f;{[pﬂc(t) —P(1)] xA}dr (20)

fis{[Pﬂe(t)—Pre(t)] xx(t)} di+

fj{[PFE(t)_Pﬂe(t)] XK(I)} dt

6.2.3. T RMZENEVEAL AR BRI B 45

U R FORE R F SR ZRAE (B R T VF 2 i S
PEAEARRR, BAThER. I RERE. MR, LUHENR R
PESFEJTTH . 10 845 T 6.2 Wh A Rk LR R, 7]



LLE BIBA T SUR A T KEAR KRR L BN ETERE
SRIMZENE, TR PR B Z — A KA 8 152 1 9% T2 3
i oRMZRIERE X[20], FE @A RMZFAED LASFRIA]
AR KE, AR RE IER A 28 AR . Zhang 55
[TA0JAAN IR S AR S H A R, $R T RAEAS R 2
HRENZRHITEDR . R 10 R L T HAbdE R, IR (EN B
TR A B AP RVEAE I B REAE IR B g X P I F AR AE
AR EAE . JAh, AR B SEhRI =
R NULIVA SEE SR AT 21N R T SN Y A e 2
HLIBAT AR YR AN BRAS AL R TR bR AE R 22 0F 7T b
R, TR 10 Hh 5] H R A 3 3 S5 78 7 i 2 A2 1
AR D P A o X — S SRR T 5.6 75 R H A
R R AN [ SR A 7 ) S R R F T Bk = . U
G, BR TR 10 RIETPIANREARSL, AR R N R S S
bR, JoiE R RIS 0, ROV SRR SRR 324
GEI S ARAT AN TR REMA R . AN, AT X 2SR
PEdR bR EE A T BACR & Z IR /), TEE T %
FUE S RS TN U A AT SRR AL

TR = G — R AL TR bR, RV 34 [ B SR 1
fif, HUXE CL LA AT T th AL SRR . i T2 AR
i B FEE, B — DG TR R R E AL S SRR
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A R AN RIS G SRR 77, FF AR R
PG TEARZ AT, 00, AVIHEMEIX — KGRIV
HEZE. BEAb, R EITAAE T A SR AL T
Fo, o MT PR A0 2 BT SRR

ASCNGE L FAE A A AL T V555 T 4738 1 4
KRR TAEBERTRMZIEATTT. X0 T 5EFMFNE
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AP kW [37,40,46,48,65,86,90,116-117,122]
AP kW [26,101-102]
Int, kW-m™ [29,55]
Int, kW per household [35,42,101]
Ram, kW +min™' [61]
Temporality T, min [29]
T, min [29]
T e h [26,31,34,61]
Tur bou h [26,61]
Energy Egis e kWh [26,30,34,38,43,58—61,68,98-100,105,138,141]
Int, kWh-m™ [43,60]
o % [59,65-66,69,82,104]
J kWh [43,57,60]
Eg o kWh [29]
Efficiency n — [38,57-58,60,68,138]
F,. — [37,86,91]
Indirect quantification indicators ~ Economy Cop.tot USD [47,97]
0] % [82,103,108,110]
Fie o — [38,68,138-139]
Environment Em tCO, [139]
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