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Learning Objectives

= Introduce a new performance-based fan energy
efficiency metric.

= Compare fan efficiency determination methods.

= Show how safety margins for fan system designs can
Impact power consumption.
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Agenda

* Introduction of the Fan Energy Index

« Air Side Equipment

 Efficiency of Air-Side Systems

Component Based Fan Systems

Fully Integrated and Tested Fan Systems

Efficiency Characteristics of Fan Systems

Effects of Safety Factors on Air-Side System Efficiency
Final Notes



Fan Energy Index
ANSI/AMCA Standard 208

o Calculation method for the fan energy index
(FEI)

o Energy efficiency metric for fans includes motor
and drive losses.

o Individual calculation at each given fan duty
point.

ANSI/AMCA
Standard 208-18

Calculation of the Fan Energy Index

o FEI combines fan performance and efficiency in
one value.

Uses:

» Standardized and consistent comparison of fans
across fan types and sizes.

» Definition of the energy requirements of fans.
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metric

Ecodesign 327/2011

or Wire-to-air
FMEG SUEEE) Best efficiency point Al Gl I e
. & fan?
Fan Motor Efficiency Fan tvpe
Grade P
Peak Total
FEG Efficiency Best efficiency point How good is the
Fan Efficiency Grade & y P bare-shaft fan?
Diameter
FEI Electric input Selected fan duty How good is the fan

Fan Energy Index power point for its application?
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Fan Energy Index
ANSI/AMCA Standard 208

FEI Is evaluated at every operating point offered for sale.



ef ficiency of selected fan

FEI =
ef ficiency of reference fan

|

Reference Fan Efficiency --->

ncre.asmg Fan S
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Lines of constant fan efficiency
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Lines of constant FEI
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Lines of constant FEI
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Fan Energy Index summary

Fan peak efficiency metrics are barely effective if a fan may be
selected at a low operational efficiency.

FEI will encourage

* more efficient selections, while driving
 the design of more efficient fans,

 the use of more efficient motors, and

e the use of direct drives.



Air-Side Equipment

Provides defined amounts of treated
air to the spaces, people, or
processes.

Includes air distribution components
and fan-powered units.

 Air handling units (AHU)
e Fan coil units (FCU)
e Roof-top units (RTU)




Air-Side Equipment

The air volume requirement is defined
by the heat load, cooling load, or
ventilation rate for health and comfort.

The system that can fulfil all the
requirements with the least amount
of energy is the most efficient.




Air-Side Equipment

o Air distribution system components
cause external pressure losses.

« Air handling unit components cause internal pressure losses.
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Ailr-Side Equipment

Defined amounts of treated air to the
spaces, people, or processes.

Internal and external pressure losses.
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Efficiency of Air-Side Systems

Variable
speed Electric Transmission

Fan
drive motor

17



Efficiency of Air-Side Systems

Variable
speed Electric
. Transmission
drive motor

IDed

Electric input power

= 5 E

=y Ui a2
Electric input power

— ) —

\ J
|

Motor with integrated drive Direct-drive fan
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Efficiency of Air-Side Systems

Variable Flow and pressure safety margins
speed Electric . Fan to account for
drive motor Transmission uncertainties

and
—T7® guaranteed
© performance.

T

Motor with integrated drive Direct-drive fan

J

Risk of increased power consumption
19



Component-Based Fan Systems

Each component is tested by itself, not as an entire

system.

Individual datasheets and testing standards for
assessing performance and characteristic.

The contractor is responsible for compliance with

relevant standards.

Component sourcing may be centralized in the
project execution or split between contractors (e.g.
Variable Frequency Drive, filters, cables) and the
OEM (fan impeller, motor, transmission).
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Sine filter

Shielded cables

VFD (variable
frequency drive)
. Pulley drive

— %
gy

Motor protection Grounding

. . Shuslded cables

000

VFD (variable Sine filter

frequency drive) &

.Q

Motor protection Grounding
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Component-Based Fan Systems

Drive control
electric
input power
{active power)

Motor
input Motor output power / Fan shaft power (Stafic)
Power Motor shaft power Fan absorbed power air
(active power) o power
Nm [%] N [%] Nr(s) [%]

ﬂ; A nnlq 4 nTl 4
Me_opt 4-==o===z-e Tm_opt --““--:'?E“ ...... M1 opt ___ g
EDP Qv L DR qy e DRy DP gy
Nc¢_max ) 4 MNm_max ) 4 NT max ) ¢ Nrs_max # n es
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Component-Based Fan Systems

’Gz Fan duty point: gy = 8,800 m3/h @ p; = 1,100 Pa

\Cp—X

i.::;w\/-beltr
| AMCA207 | ISO12759 |  Wiredtoairtest _
Fan total efficiency in %

Impeller shaft power in kW

Belt efficiency in %

Motor shaft power in kW

Motor efficiency in %

Wire-to-air efficiency in %

Motor input power in kW
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Component-Based Fan Systems

Motor Selector — Fan Data
Transmission
MotorPower (kW) Class Poles Q (m"3/s) Fan P (Pa) Fan Eff N H (kW)
4 IE2 4 ISO V-Belt 2.44 1182 75.7% 1700 3.8
Nom Efficiency Motor Ns
86.6% 1500
Motor Output Component Efficiencies Net kW in

ANSI/AMCA

Standard 207-17 Load Ratio Power (kW) Belt ETA  Motor ETA  Net ETA

101.7% 4.1 93.9% 86.5% | 6150 470

Fan System Efficiency and
Fan System Input Power Calculation 90%

el

85% o e

- 80% <
An American National Standard g /
Approved by ANSI on April 17, 2017 ) 75%
S =
2 65%
2 /
= 60% /
55% Motor Curve 4kW -
/ 4P IE2
50% ;
(\ 0% 25% 50% 75% 100% 125% 150%
\@ Lm

——

Air Movement and Control
Association International

AMCA Corporate Headquarters
10 W. University Drive, Arington Heights, IL 60004-1893, USA
Famca.org ® Ph: +1-847-304-0150 & www.amca org
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Component-Based Fan Systems

ISO 12759:2010 Fans — Efficiency classification for fans

If fan drives are sold as components and combined without measurement then this standard permits
multiplying the component efficiency maxima as follows:

Ne =M X My X Ty X N X Cpy X Ce
where
1.  is the overall efficiency;

1, is the optimal fan impeller efficiency according to Py /P, as given in SO 5801;

s)
Ny is the motor efficiency;
7t is the drive mechanism (transmission efficiency);

e is the variable speed drive efficiency;

Standardized compensation to account for

[Cm is the compensation factor to account for matching of components = 0,9;] mismatched Component efﬁciency curves.

. Is part load compensation factor.
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Compc)nent-Based Fan Systems

IE2 9355

Fan duty point: dy = 8,800 m3h @ p; = 1,100 Pa
UV beli |
| AMCA207 | ISO12759 |  Wiredtoairtest _
Fan total efficiency in % 75.7 75.7
Impeller shaft power in kW 3.82 3.82

Belt efficiency in % 93.9 94.3
Motor shaft power in kW 4.10 4.05
Motor efficiency in % 86.5 86.6
Wire-to-air efficiency in % 61.5 55.6incl. C
Motor input power in kW 4.7 5.2
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Component-Based Fan Systems

ISO 12759:2010 Fans — Efficiency classification for fans
"If a fan is sold as a complete assembly, [..] shall be

of



Wire-to-air test method

ANSIVTAMCA
Standard 210-16/

ASHRAE
Standard 51-16

Laboratory Methods of Testing

Fans for Certified Aerodynamic
Performance Rating

Air Movement and Control
Association International

AMCA Corporate Headguarters
20 w, Arfington Haights, IL 80004 48063, LEA
waong s Ph +1-847-304-0150 » www.amoaong

Tl A

Mains

Driven Fan

Motor Control

(e.g., VSD)

Drive

Transmission
(e.g., belt,
coupling,

gears)

Fan
(may
include

L 4

integral
bearings)

—
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7 ‘\—"@355

= 1R Fan duty point: gy = 8,800 m¥h @ p; = 1,100 Pa

&=
| AMCA207 | ISO12759 |  Wiredtoairtest _
Fan total efficiency in % 75.7 75.7

Impeller shaft power in kW 3.82 3.82

Belt efficiency in % 93.9 94.3

Motor shaft power in kW 4.10 4.05

Motor efficiency in % 86.5 86.6

Wire-to-air efficiency in % 61.5 55.6incl. C 54.5
Motor input power in kW 4.7 5.2 5.3
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Fully Integrated Fan System Example:

Centrifugal fan
-
»@ésle

e
Impeller, structure (housing, inlets, struts),
motor, variable speed drive, electric filters

*Tested as a complete system

«Compliant with relevant standards
u (motor protection, electromagnetic
D compatibility)
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Fully Integrated & Tested Fan Systems

No

Motor with integrated drive| mechanical Direct-drive fan, inlet cone

I:)ed ﬁ
Electric input power
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transmission

| I -

ISO 12759:2010 Fans — Efficiency
classification for fans
"If a fan is sold as a complete assembly,
efficiency [..] shall be assessed by direct
measurement of P, or P4, and P, *“
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Fully Integrated & Tested Fan Systems

Fig. 1: Accuracy class as per DIN 24166 (150 13348)*
g y P ( ) Example:

DIN 24166 permits
Limiting deviation in class class 3 for fans < 10 kW

Performance characteristics

0 1
Air flow g, +1 % +2.5% +5 % =10 %
Static pressure increase Apstst +1 % +2.5% +5 % =10 %
Drive performance Peg +2 % +3 % +8 % +16 %
Static efficiency nstst -1% -2% -5% —(-12 %)
Sound power level db(A) +3dB(A) (+2dB(A))  +3dB(A) +4dB(A) +6dB(A)
Lower power limit per DIN 24166 > 10 kW

* — S0 13348 with other designations and slightly different values
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Fully Integrated & Tested Fan Systems

Electric input power deviation of 6953 motorized plenum fans in serial production factory.

45 1400
40
1j50 | | | 11200
11; 5
35 I I I
. ) __'m | | | 41000
| |
< 2 ' 800 g
£a
= | | l g
S 619 () | s ' =
g | I| 1600 ‘g
| | | E
15 I IE : : =
| | || 400
10 | ' i
712 .
1200
p SEN |
: ]
"% X & 8 - :
P1 W] czssD:E".-':—hl I l
dasl: 3% — l
class -8 % >

>

This product range covers 1-12 kW. It meets accuracy Class 1 of DIN 24166.



Fully Integrated & Tested Fan Systems

o ———— % Deviation in efficiency 3 party measurement vs. Selection Software FanScout
é F.'mmu::;al'a:wl Fan[nl:'maﬁll F;lr‘?’}riu F:us(‘.ei’(lllf‘:f‘. F;an:JCC prs
K3C280PRO3HA EC centrifsgal fan - RadiPac epM inlet nozzie backward curved, single inlet Hray 176737 251120
¥ Physical paramelars al operaling peinl | Charactesislics
s e A Ootises Dinedss . WA LwAon LwAlmow  SPPI 25w 6
quitmy FprsPa DiPedw ety Tlnod % nes 1 P g JaEA ey IFER -16{- M 5
1748 4105 3328 2280 637 598 147 682 74 75 oe86 1538 LE T A
L el | il o 2
L 10 é" g ¢ M ' ; L
' - 2 f“ " ’QA‘..‘I’ * caskas & M _.l‘._. l':- o .‘n‘l “klﬁ'{‘: j,) t
e 1 PPN A ANTY PR PR F L TR
i J .0 MY B Y T AR A R Y e I i
; e S 9 LAY . ’
. /__,./ % 1 Class 0
e =
—= i // = -2 Class 1
8 e ' ' 3
~STes S 4
e ® 5 Class 2
—tert ! : - =
_ : T B S b 5
e — - 100 200 300 400 500
0 300 500 0 00 1100 130 180 170 I"fm'l'( 2100 230 2800 2700 2000 3100 3300 3800 3700 2000 > Reference p0|nt Consecutlve number

38 fan types with 15 reference points each = 570 reference points
AI1se= Tse TOV-Reference — Tlse Product Selector

Ang.>0: Actual efficiency (Me 1y refersnce ) 18 Nigher
than efficiency in product selector (Me. product Selector)

Fan Selection Software for AHU manufacturers accounts for
fan accuracy classes
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Fully Integrated & Tested Fan Systems

Tabelle der Berechnungsgenauigkeitsklassen

Fig. 1: Accuracy class as per DIN 24166 (1S0 13348)"

Performance characteristics

0
Air flow g, +1 %
Static pressure increase Apstat +1 %
Drive performance Peg +2 %
Static efficiency st -1%

Betriebswert

Grenz-Abweichung zur
Klasseneinteilung

BO | B1 B2 "

Volumenstrom

1% 1 £25% | 5%

Druckerhdhung +1% | +25% 5% |
Antriebsleistung +2% +3% +8%
Wirkungs_grad -1% -2% -5%

Software interpolation

20 Feb. 2018 www.aset-europe.com

accuracy
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Limiting deviation in class

1

+2.5%
+2.5%
+3%
2%

+5% +10%
5% =10%
+8% +16 %
-5% -(-12%)

Production-level
accurac

34



Example Specification: 30.000 m3/h at 500 Pa

L 4 Physical parameters at operating point / Characteristics

. LwA_in LwA_out LwA_in_out SFP/ Air flow:  Pressure:
quiimihy “prs/Pa  [IPed/w  [Ini(t/min) [Ined/s [lnesrme [CliA D!dB(A) D!dB(A} D!dB(A) kwi(mrsy) LJFER 3333 lrgs’mm éh%w IFTéwg
5
30000 500 6070 737.1 74 686 935 77.1 80.4 82.1 0728 1392 ‘5o T controlvolizge
Air flo av [cfm]
2000 4 000 6 000 § 000 10000 12000 14 000 16 000 15 000 20000 22000 24 000 26 000 28 000

650 - I e
! 3.3
B0 - i s 2
= | a1

68.6% p
| 24
T00 ! 28
i 27
50 . i 26
! k25
00 4 I ”
i o3
550 i 2.2
Al

M7 e a
1.4
E 40 .5
‘g .7
400 6
1.5
350 .4
; - .3
e e B S - 1.2
1.1

2501 i
B e e d oy 0.5
H.7
1509 HI6
1.5
ke "
.3
FTT E— — — .2
| .1

0 T T T T T e T T T T T T T T T |I T T T T — T T T T 1
2000 4 000 6 000 § 000 10000 12000 14 000 16 000 15 000 20000 22000 24 000 26 000 28 000 30 000 32000 34 000 36 000 38 000 40000 42 000 44 000 45 000 45 000 50 000

o [mh]

MVl UMD VAU VWUV VG AD UL DU YUY CrwUT T

SNV VAU LTTTELUT UM U I U ULy Ly UL 1 T IuS

piz_[in. wg]
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Impact of Safety Factors on Fan Efficiency & FEI

DESIGN

- 10% pressure
- 20% pressure
- 30% pressure
- 40% pressure

- 50% pressure

IMPACT

DESIGN

- 30 % pressure / - 10% flow
- 40 % pressure / - 12% flow
- 50 % pressure / -30% flow
- 50 % pressure / -40% flow
- 50 % pressure / -50% flow

20 Feb. 2018 www.aset-europe.com

500 Pa
450 Pa
400 Pa
350 Pa
300 Pa
250 Pa

500 Pa
350 Pa
300 Pa
250 Pa
250 Pa
250 Pa

30.000 m3/h
30.000 m3/h
30.000 m3/h
30.000 m3/h
30.000 m3/h
30.000 m3/h

30.000 m3/h
27.000 m3/h
24.000 m3/h
21.000 m3/h
18.000 m3/h
15.000 m3/h

6070 W
5509 W
4926 W
4370 W
3829 W
3293 W

6070 W
3876 W
2966 W
2179 W
1904 W
1614 W

AMCA ASET-Europe Conference, Lyon, France

1.60

1.63

1.66

1.69

1.69

1.93

1.87

1.85

1.85

68.6 %
68.1 %
67.7 %
66.7 %
65.3 %
63.3 %

68.6 %
67.7 %
67.4 %
66.9 %
65.6 %
64.6 %

IMPACT

99.3%
98.7%
97.2%
95.2%
92.3%

98.7%
98.3%
97.5%
95.6%
94.2%
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Effects of Safety Factors on System Efficiency

L 4 Physical parameters at operating point / Characteristics

) LwA_in LwA_out LwA_in_out SFP/ Air flow:  Pressure:
quifm®h)y [pfs/pa  [JPedw [n/(t/min) [Ined/% [Ines/% [I/A Dde(A; D!dB(A} D!dB(A) (KWI(m/s)) [IFER 3333 lrgs’mm éh%w IFTéwg
30000 500 6070 7371 74 686 935 771 804 821 0728 1392 %32 Mk conwoluoltage
Air flo o [cfm]
2000 4000 & 000 5000 10000 12000 14 000 16 000 18000 20000 22000 24000 26 000 28 000

450 . . 5.4
Example Specification: [
3 EX

68.6% 30.000 m3/h at 500 Pa |
£Xl
?DD 1T 7 ] {2 -28
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5
00 o4
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b2
21
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s
s504 H .4
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11
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e b
7
1504 M6
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PR e N N b2
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Discoveries During Retrofits

ESCO report prior to retrofitting:

DESCRIPTIONS DETlerll-?@o; tﬁrﬂg;?gal OPERATING CONDITION
LOCATION / AHU REF AHU 2-4
AHU MODEL { —\
FAN MODEL Design Measured i .

AR FLOW 8500 M3/ 6380 m¥hr Selection based on actual condition
FAN STATIC PRESSURE (P1-P2) 880 Pa 250 Pa Type: K3G560OPB3171  Product: EC centrifugal fan - RadiPac :
i i L 4 Physical parameters at operating point / Characteristics
S@lECtIOn based on deSIQn ) quifmth) MpfsiPa  Ped/w  Olni(min) [lned/ [lnes/
Type: K3G500PB2403  Froduct: EC centrifugal fan - RadiPac 6380 250 698 5 899 6 67.6 63.4

4 Physical parameters at operating point / Characteristics

quiimhy [#pfsiPa [JPedw  [n/(tmin) [ned/% [nes/%

8500 880 3105 1800 70.3 66.9 — . .
10% Input power saving
Speed-controlled to actual condition | Efficiency through better fan sizing.
Type: K3GH500PB2403  Froduct: EC centrifugal fan - RadiPac L dI’OpS by
¥ Physical parameters at operating point / Characteristics factor 0.85

qvi(m3h) pis/Pa [ JPed/wW [Infftimin) [ned/% [Ines/i%

6380 250 7799 1103 62.5 56.8 —

m AMCA ASET-Europe Conference, Lyon, France
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Discoveries During Retrofits

Initial retrofit option: Fan size 500 mm

DESCRIPTIONS DETFgl#?@o;lﬁrELr;f‘;Jgal OPERATING CONDITION ;:I EE
LOCATION / AHU REF AHU 2-4 : ﬁ
AHU MODEL 1 000
FAN MODEL Design Measured L ;ﬁ A
AIR FLOW 8500 m3/hr 6380 m*/hr g FtU‘U' 3105 W
FAN STATIC PRESSURE (P1-P2) 880 Pa 250 Pa :$
oot 780W
1 1004 2001
1 0001 100,
S0 E:J o I2LI1I:J{JI I I4L1IUUI I If:}lJIUUI . lﬂL.'ﬂJUI I I1U;'.J{JUI I I12;'.2'{JUI I I14IUI'.J{JI I I1f:iIUl'.2
B0 av [rrih)
iy - -
00 Measurements and analyses prior to retrofits
i oe provide additional saving potential through right-
200 ® sizing.
~ Safety factor reduction for new construction has
o N similar effects!
0 2 000 4 000 6 000 & 000 10000 12 000 14 000 16 000 18 000
aw [rrih]
Alternate retrofit option: Fan size 560 mm —— — >pe Conference, Lyon, France #



Summary

 The efficiency guarantee for highly efficient air-side equipment requires a close
Interaction: The mechanical designer of the building, the equipment
manufacturer, and the fan system supplier.

* Fully tested fan systems with a tight accuracy class enables everyone to reduce
safety factors to a minimum. Right-sized fan systems have minimal impact on
design efficiency.

* For best results in retrofitting, representative measurements prior to retrofitting
are recommended. The design vs. actual operation differs significantly in many
cases.

» Understanding safety factors and fan system behavior supports better designs:
- improved efficiency and modulation range — lower operational expenses
- right-sized fan systems — lower capital expense
- optimum return on investment



Questions?

Armin Hauer
CEM, CPQ, Dipl.-Ing.
ebm-papst Inc.
armin.hauer@us.ebm-papst.com
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