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Trends in Energy Saving for Pumps and Motors

by Tatsuya MTYAMOTO

For prevention of global warming, many countries have started setting energy-saving regulations for pumps and motors.

The ErP Directive (Ecodesign requirements for energy-related products/EU) and the GB Standards (China) derive their minimum
efficiency requirements for pumps from flow rate and specific speed, while standards such as IEC and NEMA define the efficiency of
motors based on outputs. All of these standards are intended to contribute to energy saving by eliminating low-efficiency products from
markets which will lead to overall improvement in product quality in the future.
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Table 1 Water pumps in the scope of the ErP Directive

BNS Y
Pump type

WA AT HE A R > 7 ESOB
End suction own bearing pump

FrsA AT BIHE) R > 7 ESCC
End suction close coupled pump

194 YRR 7 ESCCI
Inline end suction close coupled pump

NMLERY T MS
Multistage pump

KRPLERIFTAR 7 MSS
Submersible multistage pump

PIETEIK (clean water) ASRT, KEIIIFEHEED R
25025 kg/m® (250 ppm) LT, @MW I1X50 kg/m’
(5%) UTEMEIShTwD, HRYTRRL, F20
S RFPHICBRE E TV,

(2) Ry TERH

R T DRI N e (FRAUZ XY HEEPE . LR Q
OB rLHEH I,
7 oew=— 1148 x* = 085 y* — 038 xy + 8859 x + 1346 y — C
N rea  BERENH
x=Inn, (n : HHE)
y=1n Qe [Que @ EAHEHOUWE (m’/h)]
C: RY TR LITED S NI HAR)2IE EMEL (Min-

imum Efficiency Index) \Z&AFT 58 (F3)
Z 2T, HHERIRATEINSG,

e
= ¥
Q: ¥iE (m'/s)

n: [AEEE (min )
H: &%/ (m)
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Table 2 Pump types and scope defined by the ErP Directive

DS 5V Xt G i PR
Pump type Defined scope
EL 23 h 55 Ay =N EL 27 h 3 < S <=}
ESOB ] e i IR RN T T O RN T OB o )
. - Flow rate at the best Head at the best P
ESCC Rotational speed efficiency point efficiency point Specific speed Output
— a1
ESCCI n = 1450 min Our= 6 m*/h How < 90 m 6 =n,= 80 P, < 150 kW
ESOB N WEAEATOWR | RS TOBR - .
. Flow rate at the best Head at the best .
ESCC Rotational speed efficiency point efficiency point Specific speed Output
— a1
ESCCI n = 2900 min Owo= 6 m’/h How< 140 m 6=n=280 P, < 150 kW
[ i 38 ) BN T O
MS Rotational speed Flow rate at the best efficiency point
7= 2900 min "' Qeer = 100 m’/h
MSS WA A4 0 F S FOE <64 v F
Bore size 4 inch = nominal size =< 6 inch

&3 ErPiH O KR ¥ 7N & SRR O Cfii”

Table 3 The ErP-Directive-considered pump types and the values of constant C by the Minimun Efficiency Index (MEI)

.. - TR =R 5L
R TR MEI (Minimum Efficiency Index)
Pump type
01 02 03 04 05 06 0.7
C (ESOB 1450) 1326 1307 1294 1281 1270 1261 1249
C (ESOB 2900) 1356 1334 1316 1303 1292 1281 1271
C (ESCC 1450) 1327 131.2 129.8 1285 1274 1266 1255
C (ESCC 2900) 1359 13338 1322 1308 1299 1288 1278
€ (ESCCI 1450) 1367 1346 1334 1323 1310 1303 129.0
C (ESCCI 2900) 1394 1365 1349 1337 1326 1313 1298
C (MS 2900) 1382 1354 1349 134.0 1334 1319 1304
C (MSS 2900) 1343 1324 1309 1288 1273 1252 1238
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Fig. 1 Required pump efficiency by the ErP Directive
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x£4 GBHUEOR Y 7R & ZRAFE (GB19762-2007)
Table 4 Pump types and required efficiency values in the scope of GB19762-2007

AEEBRERE | BEERIRREM | s
Fidt HRIE R A= WEA B N#AE | Minimum | Target minimum é;: T ET;E@
) LA e Efficiency iy Efficiency allowable allowable values valuating
R TR Flow Specifi a lue bef Correction | values of
. pecific spee value before values at the values of of energy
Pump type rate . factor . . " energy
p typ correction specified point energy efficiency for .
. conservation
efficiency pumps
Q (m*/h) Ns n (%) An (%) 7o (%) 71 (%) 2 (%) 13 (%)
120 < Ns < 210 0 no=n ni=no—3 ns=no+2
fﬁ?%‘aM§Q LPA2, 3
AR 27 120 > Ns, 210 < Ns Approximate | no=n—-An| n1=no—3 ns=no+2
Single stage formular 2, 3
end suction
centrifugal 120 = Ns = 210 0 no=n ni=no—3 ns=no+1
pump for 300 > Q HEWA2, 3
clean water 120 > Ns, 210 < Ns Approximate | no=n—-An| n1=no—3 ns=notl
formular 2, 3
120 = Ns < 210 0 no=n ni=no—3 ns=not+2
- e NS,
iiE%$‘7 300 < @ L2, 3
7KL 7 120 > Ns, 210 < Ns . Approximate | no=n—-An| p1=no—3 ns=no+2
Single stage AL formular 2, 3
double suction Approximate n2=n-2
centrifugal 120 = Ns = 210 formular 0 no=n ni=no.—4 ns=no+l
pump for 300 > Q WK 2, 3
clean water 120 > Ns, 210 < Ns Approximate | no=n—An| n1=noe—4 ns=no+1
formular 2, 3
120 = Ns = 210 0 no=n ni=no—3 ns=no+2
% Brifik 300 < Q P2, 3
BLEY T 120 > Ns, 210 < Ns Approximate | no=n—-An| n.1=no-3 Ns=no+2
Multistage formular 2, 3
centrifugal 120 = Ns = 210 0 no=n ni=no—4 ns=not+1
pump for —
clean water | 300 > @ ;¢|:1U\it.2, 3
120 > Ns, 210 < Ns Approximate | no=n—An | ni=no—4 ns=no+l
formular 2, 3

PRTRENS, 72750, N5 DEBRIZARBAEIX
KOG PORDIZHIDTHY, FHRE L TRENZD
DTIE 7\,

FEBSL: p = 01237 X log (Q)° — 1.8172 X log (Q)°+
10469 x log (@) * —29.299 x log (@) *+37.113 X
log (@)*—0.6878 x log (Q) +48.13

P2 © Ay = 37873 x (Ns/100) °—1789.9 x (Ns/100)°
+3427 x (Ns/100)* — 3414.8 % (Ns/100) *+1905.1
x (Ns/100) * = 603.92 % (Ns/100) +98.971 (Ns <
120 DY 45

W3 0 A 7 =0.033 X Ns— 69273 (Ns>210 D6

72, GBEUEIZBIT B HHIE Nses i3RR TEHEN D,

3651V Q

T

Q : Wi’ (m'/s)

n o AR E (min )

H: &%/ (m)

HARTIE—HWIZQ : iiE (m*/min) ZHWVWSE LD

WCEM365IEFE vy, T D20, HA L W% D Nsi

(Nsp) 12357201213, 2122%F U2 LIMETE D,

ScB=

Nsp=2.122 X Nscp

RNEEBREM n (132011 4E6 A K COERFETH %,
HAERNEREM 7 1d n 1 X0 DR LWESRRE T, 20114F
THIH»SEHDHE ) UHOBEMEE b, AT AN
F I 7 3D HCRIEBTH L. n KD n .1
BHMETH 225, n3BHMETIE R V. 72K T 5
Z&T, HOoAZANF B OFEAEO NI HE L 72
DRGBGETIIAEMICR D EBbh b,

WIRMEIZ L NV 2% A 2 EIZEPIRA EFBLTH
D, BB BHIET ] & B OWREMEATR S Z k5,
SHOBIMICER T %,

(2) ErP#ao & ok

ErP{E4 K O GBEEH S5 SN ERMFE 1k, &
LICHREQPKEL 2B 3L EL R AMHEMICH D LA
LEREhEIE, Ry 7ol - MimEE - fiw - 1R
WM SIS ) B b0, Wiz HEIZWETSH 5,

ZoFlE LT, FHWAARHEEREARY 7 (ESOB :
1450 min ") 2BV TEPH# D n & GBEIAE D Nsos % H
AT Nspp = 200124058 L 72354, ErP g4
KEE Y e (MEI=06) & GBEMA T 3 )L ¥ — Ml 1 »
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Fig. 3 Electricity end-use by sector, country and estimated
demand for all electric motors (2006)
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Standard) ZiklF, ERIEEE—F OMHE XG55
HLDB) & D)EAT> TV D,
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RFEWZE - HIRICBIT S, E—7ORRMEEHEL
BB 2R IRT,

WL A L IR RIEHEA & B IC B L 72 0T
HY, BRHOLVRXVEZTTLDONR—HNTH S,
E— Y ORFMIE, ARHIATIEAERETIOLE (%)
THENS,

7 2 Mg o1 & L CTIEC (International Electro-
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Fig.4 Efficiency limit values for electric motors defined
by IEC 60034-30 (4P at 50 Hz)
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Table 5 Motor efficiency standards in major countries and regions

E- 2N RN EU KE USA ti[E  China 79 V)V Brazil HA  Japan
Efficiency level IEC60034-30 NEMA MG1 GB18613-2006 NBR 17094-1 JIS C 4034-30
N 1#%
I whak
TV T hAE IE3 NEMA Premium Grade 1 - IE3
Premium
2%
'%J'.ﬁg; 1E2 EPAct Grade 2 Minimum efficiency 1E2
High 3%
PR _ Grade 3 _
Standard IE1 - IE1
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Table 6 Outline of motor efficiency regulations in major countries and regions

- kg . PO | _
ol ISR I TE RSP Secope | s
Countries | . . P L L HE
and Law Effective | Efficiency ¥ = = Ik % pey | Certification Indication Regulation
! from level 7 LT CAAN JE R VAN 4 30 required
regions Output Pole Voltage | Frequency | Structure
O e L RVAY /ety VN R
Energy Independence and Security Act of 2007
600 VLI ,

R s |1 ~s00 P |2~8p | 600V W ENA
USA or less el 1 o
2010/12/19 60 Hz Open DOE v

NEMA Totally “ NEMA
Premium |1~ 200 HP | 2~6P | 230/460 V enclosed MG1.12-12
(IE3)
RN ZE B 2 HLE
Commission Regulation (EC) No.640/2009
201616 | 1Ez | O 7
o 1000 v fEsL | fE
2015/1/1 T58T |y ep| BTl s060mz | Not Not f | TEC60034,
IE3/IE2 kW 1000 V X Yes 30-2008
X specified necessary
+VSD | 075 ~ 375 or less
2017/1/1 ) KW
TRV F — RIS (CEL-007)
Implementation rules for energy efficiency labeling
0.75 ~ 315 op
i kW LT
China 2% — 690 VLI it 7 .
201171 | >1E3) |®O =351 4p | Teoov s0H, | Lowlly CNIS i GBI8613
kW enclosed Yes 2006
Grade 2 or less fan
0.55 ~ 250 6P
kW
KATHA
Presidential Order 4508
77T ~
Brazil Minimum | L= 20 HP |2 4P | o506 vy oA # NBR17094-
2009/12/8 | efficiency |1~ 200 HP | 6P 600 V 60 Hz Totally INMETRO Yes 1-2008
(IE2) I ~150up| sp or less enclosed
H A 1000 V e L
Japan B 075 ~375 |, _ LI _ H JIS C 4034-
1E2/IE3 KW 2~6P 1000 V 50/60 Hz th Yes 302011
specified
or less
£7 REMLRE - WO E— 5 HEER L
Table 7 Years of the legislation of motor efficiency regulations in major countries and regions
iE
- Hiu Ik Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Countries and regions
RE] EPAct (IE2) NEMA Premium (IE3)
USA m
e 152 | | | IE3
EU ! 1 ‘
o E 2#% (> TE2) Grade 2 ‘ ‘ ‘ ‘
China ! | | | | |
75N Minimum efficiency (TE2) ‘ ‘ ‘ ‘ ‘
BraZﬂ | | | | | | | |

technical Commission : IEC60034-30) Z31) 5 44 50 Hz FEMELE (IE1<IE2<IE3).
E—FDOREL X)L (IE1 ~1E3) Zmt (K4), #F —HT, B=FHAPEINT 5 & ERSNDEFEE <
LARVIEE=F DT EICE#RS N, FELNUHFEV 505 [FIICBIT 2 ERELNVDEINEL 5D,
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