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Operation Optimization of Variable Frequency Water Supply Pump House in
Residential Building for the Aged Based on Water Usage Patterns
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Abstract: Water usage patterns and pump energy consumption in residential building for the aged
are important for optimizing water supply facility operations and improving service quality. This article
focuses on the pump house of a newly-built residential building for the aged in Shanghai, analyzing 20
months of measured data. The research systematically evaluates the building’ s energy consumption from
the perspective of the distribution of water supply duration intervals, water supply energy consumption,
and water supply efficiency. The analysis highlights that the pump system operates for extended periods at
low-flow rates, with a significant mismatch between the settings of the variable frequency drive and actual
demand. As a result, the variable frequency pumps operate at higher power levels than actually required,
leading to elevated energy consumption and a water supply efficiency that falls far below the
energy-saving evaluation standards. To address these issues, this study analyzes the influencing factors of
variable frequency water supply pumps and proposes selection criteria and optimization strategies for
such pumps, offering useful references for improving the energy consumption in water pumping systems in

similar buildings.
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Fig.1 Schematic diagram of water supply system for

residential building for the aged
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Fig.2 Schematic diagram of water pump water flow
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Fig.3 Distribution of average hourly water consumption

in different seasons

H L3 ], 4425 1734 H B I HIZK 22 R
HREAGH T —3:21: 00— H 05:00 Hy JH K I 14
11,06:00—07: 00 3k FF-35 H 55 1A~ HIIK S 1A,
07:00—11:00 A /K & SR 22 T REE#E . 10:00—
16: 00 JH 7K 7 il 28 35 5 48 “W” 8, I HR7E 17: 00—
19: 00 35 225 2> HIK S e, K & e Ko 2 21
2.01 mh, FEZEM 1. 97 mh IR Z , Bk ZE R4 21 1
KA RN H R, BEM2E R ER, S ZET
(19 /K BV AE 05:00—06:00.,08:00—09:00.12:00—
13:00.15:00—16:00 P4~ B [l BEAEFEGE 124 25 5+
Horp, 7E05:00—06: 00 BFBE Y, Bk BRI K i 5 H 2



Bk B2

OE 4 K HE oK

www. cnww1985. com

B AEHAERENZES, Hp 554 0. 001,
0.002 f10. 016, ¥J/NF 0. 05, 7£ 08:00—09: 00 H}
B AFNKkESHES 2AF KRR 2ZERE,
Hp (843514 0. 041.,0. 005 F10. 019, ¥/ T 0. 05,
XATREAE T AR AL BRI TR E 0 H
ST ()30, 22 4 AR T 20 0 (ke R s 6] ) & A= AH
N AR
2.2 THUKRIMIEITEFEISRD
2.2.1 ABRSK RGN RENLIE

Foe FRAR WK ZE R s AT LB, AR K 22 7 = AH
A L ALY 5 3 5 A A B 22 R B 1R G
Ey /1

_ 607 (1 - s)
n=—p (5)

o n AR LS, v/min s £ 38 I L A
B, Hzys W25 PO RERON AR

o2 BRSO S 00 B, AU 0 T K ZE R
i R R S Y 1K T 25 3
U7 RGIE He o 781 R AR S 7K 5 f WL A 5% 22 3R A
HE B X BN AE BB DL, 7K S 5% 5 F SR S B OE
Fb, K SR AL e B IR R 11 3 R A B, 8502
IR FEAE R K AR IS /N i B R s A TR, BEiG
FRERKRBEMCHKSITHRAFE. MRIEKEM LLFHE,
s b K SR B o AR 10% B, Al T R AR
27. 1%; 4 7K 5% 1% 3 B 1K 20% B, il D 28 B AR
48.8%. MK BITI B N E R =0
50%~60% I, HR 45 7K FE LU A7, 7K 55 2 ok R A1 M Dt
5117 50% ZE AT, KR FR BN 7 FR 11 30% 22
A, WA 8 3 2R 1 BB AR T 3K 70%
2.2.2  ARBKIE S L FEFE AR BT

© AN IR 2 H S B FERE AR AT

KRB i H AR st R W], 2021 4F 6
H—20224F 1 A, K HEFE S FIK & SRS H 1
K, HRIEMK;202293 H—5 H , ZFEER
PRI 7 928 4 B, K B 22 /N T R e 34, /K 9 L AR o
EHERR 202246 H—10 A W& IETHE,
7K % H 3K (H K I8 L FE BT 52 /N T Rk
P KM BEFE SRR K 843438 H 434 an 5] 4
JIF7R o

& 4 A1, 2021 42 6 A 7 H A SEPREK g
BRI 1,91 1. 04 kW -h/m?, Hirr 6 A fitsk
FEF IR B A A - E I 2. 445, &A%k

am> o

b
B
b
|

FEM) 14, O , HEI L I R AT B2 97 & E SR AE B AT
FHAT A S 7K A2 HR /K B ) 438, 7K 2R A B ]
TEARRL X GB T . L BR K BEFE F AR 1 & 2022 4F 10
A0, 64 kW -h/m®,iZ ] 3 (1 K &4 877 m?, 1 /2
FIA H A i 0 5 R AE s B RN 5, S PR K REAE S
H K B A OG, A K SRk, SEPR LK fEFE
SEEE/IN G SR, 20 H B A KRR FET A
0. 85 kW-h/m’, /&= R LK BEFE Y 6. 25 1%, n] LAt
IKBEFEIR 288 . SR AR OKAOCR 5 A oK &
SIEAOC, B E o 2022 4F 10 H 19 21. 2% , IR & A
JE20224F 11 A 19 20. 5%, e IR 1H /& 2021 4F- 6 A 1
7. 0% FERLE B AR TR B B[] P, AR A3 7K 52 04 S B
SVHEZKO AN SO K BEFE R, A AR LK
RO

1 000} 225 125
12.00 .
800f 7 ;‘ -L75;«'20§§
= 2 T 1150 5] =
Eg 600F é DfiasTs2
7 : e
= 72 R £ Y
2= 400 % DR 1% 0=
R n? Y 0,75% &4
& 200 7 ) 0s0R)s 5
ADGo a0 000 d0pas | &
M AT DA AT irE v ATt b
1 1 I 1 1 I 1S 2 R
FHEESEE RS Y
ﬁﬁﬁﬁﬁﬁﬁ [SESESELES R IR ER R K B K Keg)
[ EaEaEaNaNaEaEaEaNaEaEa Ko Na oo Na o oK
OO0 OCOOOCOOCOOOO
(S e N N N e N N e o Mol Mo oS ol el R NN I e i o ol |

IF i)

4 IRERBKEEFER BB ER A S
Fig.4 Monthly distribution of overall water supply
efficiency and energy consumption for water pump
@ PYHIKIEZ B REFESR bR AT
XF 204~ A RSB K BERE LA R A
K R S RO AT 3% 3 et g5 A S
NS

o eI K - SCPRRERE - - -ARERE

5 2.50
= 2.00 ~
ER £
e Lw;
EI.O- =
1.00 3
= S
§£05 050"
0

E5 THHMKERZENS

Fig.5 Hourly distribution of energy consumption of

average daily water supply



www. cnww 1985. com

M RAF AT R ARAAE G I 1 TR R BB AT RAL

FHA2k FH2H

F & S A AT, S H 21:00—¥K H 05:00 4 7K
WA, ok BEFESR 55, 21:00—24: 00 52 BRAtt /K fiE
FE it FH 7K 2 438 B/ T 1, 23:00—24: 00
Ik B B E (2. 47 kKW -h/m®) |, J& A SCREFE R 18.2
5 500:00—06: 00 S B AEFE Bl FH 7K £ 119 3128 B 385 i i
BT, 05:00—21:00 R K BEFE# THaE , H
1 7K B 5 06 (06 : 00—07: 00) 24 9 0. 49 kW - h/m®,
FH 7K B 55 0% (17: 00—20: 00) 24 47 0. 50 kW -h/m’,
PP 34 H 24 h K REFEBCT- 3448, BI 1. 07 kW -h/m’,
BB A SR RERER 7. 9f% .

-3 H K SRR AR K R B B 5 A WL 6., AT
S R R K ROR 5 I I K B RN I
X, 3594 16. 9% RISCHER, AR MK R 58
TE TAERE, K FE A 98. 86% Ay I [a] 78 He i & A
BT QA M T00 T s 47, -3 H & i i f AR AE 1% X
B8] P, FHZK B di K A s B 06: 00— 07: 00, Hoifi & 5
HUE WL HL LA N 12, 6%, K FEREH K 27. 6%,
BEAK S 20 A B AR AR AR T (I 7K B0 S BB AL
B E (K 5 BE AN ) (GB 19762—2007) 3K , 1]
DL AR AT AL K ZR e AE /NI i dE 4T TR A RE

B,

S AOF gty i b 4 U B L 40

T | e SR UKRCE

2 8

2 30} 3058

g =

BS 2

Hoor 20 K

£ e

0 e

i 7 7r =

- 10 7 ZR7 10

£ Z??? 7 ;???; ®

£ " vaaizz )

] mmm@wﬁfkaggaaﬂ fﬁﬁﬁfammo
SO0 OO OD
LRI
OS—=ANFT VOO —ANNFTINO~0ND — AN
COOOO O OO OO m— mi ml ref e et el ef = [S e Ko\l

R[]
E6 FHHKRBEEHANERN S
Fig.6 Hourly distribution of average daily water pump

overall water supply efficiency

@ RiLEHIK T I AK I BEREFE bR BT

ZERHE AT, NGE T A BT A B v i
5B iy e 0K &N 38. 19 m/d, I JE] 2 2021 48
1175 H. % HIKEZ B HEK REFERE bR 211 UL 7,
ATLLVE Y, i H K R R i B 18:00—19: 00,
FHK 24 2. 77 m'/h, 0 B ok 52 BREEFE N 0. 289
kW h/m*, 5% 21 3 AR R IR $1] 47, 1%521:00—22: 00
HE/K SZBRBERE T 4. 07 kW -h/m’, FE2H B AR K A5 R-AYL
H3.3%. % HMIKEEFE T2 0. 81 kW -h/m’, 241

(ALK RS- 1R 259% , 249 w8 FF- 34 H B B Y
Xt R {EL

L EZKFE B .- K RERE
-o- TR 4B ALK R

W

160

e
=

E

N
ES
(3]
BOKAEFE/ (KW -h/m’)

&
>
[9%) P
o W
ARG %

JKFE B At K R/ (mP/h)
o

0.6 ) ) 1
i (4 N4 % f 7
7 P V)

0 NAN AV AN DAY R o Jo
[ =133 === ===
SRR
OS—ANFUVO-XNOS—ANNFTNO~0NO — AN
SO = it et et SIS

E7 2021411 A5 BKREMEHKEFRIERS
Fig.7 Distribution diagram of hourly water supply energy

consumption index of water pump on November 5, 2021

2.3 THEIRTNSEE
2.3.1 SRR RS REETEAT

©  KIEHLA T REVEAN FE bR

Jeg: B /IN X R e K 25 LU 8 () 38 5 Ry 35~
150, i & 4 5~100 m*/h, K45 GB 19762—2007, 7K
TR PEA M m, M 40, 19%~74.99%° . & 4 i,
CBN16-4 BU/KZE Sy 4 9 37 SR FE AL E D) %k
4 kW, 53 A 2 915 rv/min, Jii 74 15 m¥/h, 7R
50 mo HHF KGR KL BRI EHTE N 45 m, FAHLEE
R 2 915 v/min, WITEEH T YE3-112M-2 B4 AL,
LSRN 88% . MM /K i i \ L dm e il
AR B K AR He %3 M 103, 4K 95 GB 19762—2007,
SR AT IR REVENE 1o 63%, X I 1 7K
TAARBLK L HN 55. 4%, 7 45h, B CBN16-4 /K
T -8R (Q-n) I ZR AT I AR T 00 A
TR AR 72%

@ AR RGN B REFETS bR

IR WS- 5 AR A5 1% 57 2 H B0 20 4 H Y S
HLRERIH - 1498 BT HLFE R 5 514, 5 kW -h, 2458 23T
HIFEN 5501, 2 kW h, 20 S HHFE N 11 015. 7kW+h,
AR A A RLREFE(E=1 889. 1 kW -h) , Al i}
A4S B 1 B R) B N 2R 2 B AR K B 17, 15%.
K FE Y L LR R (88%) , W K R R 0l
19.50%. A LA 2B MR H AR TA 3] GB 19762—
2007 HHLE IS BEIEAN (B (63%) , B R IA BINIZ R AR
BE T00 AN MK (72% ) o AR JEVAL, T
BEAKFE B b W AR50 T 00 s 4T, (B AR S 5 21 A
P BN I SR ROCR AL R K S HUE T ROR Y



Bk B2

OE 4 K HE oK

www. cnww1985. com

27% , FREFE 2 /0 Ry 7K+ TR K S+ Sr K A R K
B 3.7 4% AR fig , B i B 5 ™ 5 A g I
W2,
2.3.2 BRI S REFEIR A 4T

O AT A

X% S5 2 S SR SIAS (R R AT A, AR
i 3B AT AR f225 Hz 1 I 5 92% , 16. 7 Hzsf<
25 Hz (K15 0. 3%, 12. 5 Hz</<16. 7 Hz BB 5
0.2%,0 Hz<f<12. 5 Hz B K 5 0. 5%, /=0 Hz 4 I}
K5 6.9%.

@ BRIK R G REFE I

a. AR WTK A 5 DX [R] 43 A 55 A 1K [E] 53 A7
o FEAREMLE B, K I 528 50 7% i 5 0
FRAE L, K A TH R 28 5 748 W 2% 0 A A R ) 3
WO E I, i TiZ 3R 2 # 3R K A 98. 86% 11
I )R AR O AN R T Qo4 B9 00 R as AT, 2472800
TIAB AT <12, 5 He B, HAT RERIUR Sk, 280
K SR I e S S B 2% DX B | B )R g
R o DS TR0, AR A0 85 7E 92% (1) B[] Py L
W 225 Hz, HOCALREFE b7 b A = o

b. BT K S 0 A O AR X A A BR A 5
I IR 9 3 AR AT A ARG B RE AR SR H Y, —
THT , Al 2 AR A K R GEAE SR/ it T8 T s i it
7K e 25 A AR N TE R AR R R B A A
PRI g 5 A8 401 8838 17 45 IR T e /AT RO 5
B, 7K S LML T 6 7K A 8 B B K S o o — T
17, A7 T X AL T BRASRHEAT T BRI, — Mk
25 Hz 8§30 Hz. Z5 I, AR 40045 000 58 FE AT B, 52 5
AN RO AR HLAIL T BRABAR A BR ], A R 52 4 A 48
FH K S 14 728 A S5 s 8 A A0 A g B 4 3 (FE 2 /D X
TR R B BRI ) (T/7S 0227—2021) FILAE -
I AR AR AL B S SR AP 8, B 1 R A
1N R N P NP 2 £ S S B o TR 1 S N
FR 35111 Ry 50 F1 30 Hz, A2 g 331 % F 2 50 Hz 5
[ 25 30 Hz I, W08 23 2 min INASH B8 A5 AT H0R
— ELYEREAE L BRECT R 45 M 5 AN g i e oK
B, AT g 2 32 B 3 ] 2 (PLC) B $UAT A 58 +
P

c. AWK IE K ERL/NE" 16 Wl REFE o 2478
WK IR HAIZ AT A /NI B DX R B, b 8RBk 2 55
PRicf7im & M SEPRis 1T R A e, RS AR
AT AFN, P /N 23 R A /N 38T ZK S Tl s e

K SR A /N i 00T I FERY DR B R T KR
R ARAT S 3, 3 A K BEFE B L 0% IR 2
SR /K R e R R S BUK aE 1T RERE I i Y 32
@ AFHK R H TR T R
a. UK AL AT RE R SCEER A [ 1
H 11 4 AT 0 AR B AR BN H AR L
PR BRI R AR T KRB/, oK
R MK SR AR BEFEAR T AR BN 5 18] 5~7
AT AR R P PR AN TR A /NI BAR L, oK
BORBYK IR T HOK BN, R BEER Y
KR BERBEFEMR T HK BB/ . KR & K T
BUFNF- 25 B /i B A K 00 97K 52 REFEH5 b5 20
Bras R ansR 1 s .
F1 KREBMHKIRMEHBNMNEERKTRTH
IKIREEFEIEIRATER
Tab.1 Analysis results of pump energy consumption
index under large flow water supply condition and

average daily small flow water supply condition

. BUET | o Y IE

. S A b B i

I H F/(m*/h) i) (KW - h/m’) Bk
151/% /%

A £ S A

204 ;Ji Eg}fm H1 o0 67 | 1070 | 169
201231. :T;i )? 41.305 640 | 427 | 0188 | 651
201241. is_ J? 51‘305 649 | 433 | 0216 | 566
201251. 3[305_ Flj 61.305 621 | 414 | 0193 | 631

2 1A LAFE 76 20 A A8 483 R
P, T34 H ST YB3 2R A T Y 6. 7%,
H & /N s A7 100 LA AR 36 5 107 2021 45 A 18
H 7 13: 00—16: 00, V- ¥ i Jii & o 40 2 Ik o 1Y
42. 4% , PR R F R T 00, J5 & K BERE 2Rl &
1 19. 9% , K AR EFIA 1Y 3. 9345 . Al WL, 4845
K ZR ) S B A3 K A 1 B S B AR K O o o AR AR 3R
U T A ) LB, R R S K SR T BB SR 1 O A A
A K  h FHOKON BB BT SR P, Tevk
PACAR R S B K I S AR A K R A T
EL A1), B8 B R M AR IR 1T RERICR -

BELIEBGZ AR A K 5 140 2N ) 4 o b S
X IO 7K 25 B A HE K ROR B B8 o B Q-m i
BRI 8, AIAL, AR A K A SEBR AR K R



www. cnww 1985. com

M RAF AT R ARAAE G I 1 TR R BB AT RAL

FHA2k FH2H

TR IR it 1 BB 5 2 2 A B R R K AOR S
IEAHSG . KRR B AR T Q1 15% I, ZE 4 44k
PEAK R BE R T 7 L PG T L 1 X ] Q-
n B R A RE R B K, T IH 12 X 8] P 9 2 B 9] 448 R %o
T BE I 72 B 52 M R 5 KGR UK I B Q4 B 3R
ZH R AR K R Ky 409%0~45% 5 K ZEHEK IR R 043
B, % 2 B AR fHE K 38 R 42%~53% 5 7K R BEK I B
(0. 45~0. 50) Q i, 2 41 4 AR I 7K 80K K 609%~
70% ,#%3F CBN16-4 BUZK SE I AUE T.00 U8R 1A .

100}
80r

60} A

4or o
muﬁﬁ
0 20 20 60 80 100
ARBIK S BRI L%
B8 THARLGEITRESTERENILGHIERA
BURHK TR X R

Fig.8 Corresponding relationship between the percentage
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of the actual running flow of the variable frequency pump

and overall water supply efficiency of the pump system
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