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The Efficiency Valuation The Association of
Organization and Energy Engineers

Qee

certify that

Ming-Tsun Ke

has pleted the p ribed standards for certification, has demonstrated a high level
of competence and ethical fitness in measurement and verification and
is hereby granted the title of

Certified Measurement

and Verification Professional
Expiration m-‘_ December 31, 2014 396

VP Board Chairman AEE CMVP Director
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The Efficiency Valuation Organization

Certifies that
Ming-Tsun Ke

Has demonstrated the required knowledge in measurement and verification of energy
efficiency projects and skills in delivering trainings
and is hereby granted the title

EVO Level 3 Trainer

Jor a period of three yvears, starting on June 1, 2011

E V O .- ( Daniel Magnet,

EFFICIENCY VALUATION OROANIZATION £ Tl“ﬂllllllg committee chair
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o 1575}9:'3 Bl f_‘_g'v'_ ;; % &(COP)
T I X (EER)
kcal/h-W

S ¥ F <150RT 3.83 4.45

ik > 150RT 4.21 4.90
<500RT

>500RT 4.73 5.55
Ao 3l <150RT 4.30 5.00

R > 150RT 4.77 LR
<300RT

=300RT 5.25 6.10

_---.T-‘-“I'&E: Mif A pEAg RREERIALLL FEH P. 20/110

&

. *r
| B
3 4y

L




e

7
e

At R

P. 21/110

)

~—

SiE Fi ﬁi tﬂEEﬂ]
A/a n‘ b L
v
’
. R®E Al 2k § It 7
a e % ES E e 5

%lfﬁfv o ”ﬁ Fﬁ‘g‘:l 4;)_2;)% 4 &
igfﬂwﬁg}%fp :

L

I R —

<

| mam 1 | awkz AR
!

% 3 )

a7 — 70 .
ég\i ( ) %;‘é_‘, 7%%;&;7 7? ,:;- 7]\7%(4
C
4 v
{ 4 s LS t r'§
ENZER KK S¥tk ERES xR ]

~7F
_TAIPEI
& TECH

i%bﬁ«lﬁﬂ

ie 3 2= /i = —r AL %E'_,:‘"

fo P 4 P. 22/110




4-1c

TRl

Lo

R

b3 @Rebf ) TV J AT | )
L1 ERIE - EEATE G T ke LIt
£l

T < :
AR AR Y e E TS E R A

TAIPEI : :
: L C B % = :
_TAIPE} 7 P. 23/110

4-2 ERZBFERESEE

S

ASHRAE# 1R 2 312 34 & 3400 2 %
1 e R R ) R

L

o~

JEZR - TEF AR FIML LA ALZERFE
ﬂ@% AT FRE2ZRF  REGRE AL

3}’ %im_/}‘)i j\ﬁ—'f@;ﬁ pt <l

A RE

ZAELAZERE 22502 ’}ﬁ-’kl; i’ 7'fi % 1000ft? (92.9m2)
PR T 1 R PESLY W TR N L
it~ > B B2 FEh AN FIRE R ASR

i e s e T
TAIPE) REHEAE GRS AL TN '
Pale s - X ﬁ #HAF akk ALl WP H

P. 24/110




4-2 ERZBEEESEE

Lo

O 0% & @ R AZEL50) L R H 0 TR 2L E
A /3“= fill *’E AR EEAM PSR g
2 % EWA S G M 421825,000ft? (2323 m?) -
O %h & 55 (VAV) Z B MAE £ VAR EER T A T
30% > £ 0.4cfm/ft? -
Dﬁ&#”mw’%¢i&§}&’ﬁ&ﬁﬁ@&
0.8W/cfmii ™ » @7 ¢ HE£ila® % b L4 > $H3FR

i
£ 54 B 125Wicm T & 50%h £ T -
¥ 42 50% -

VAV i 5Lz 423 %

—~7
Pt L APEAE RRRALZAIRL FPH

4-2 ERZBFERESEE

L]

0 ok B2 BRI 4B S 100mE £ § Amid b 2 4z -
% &£ TEERIE# 2 A% HF

# & ASHRAER $2 %3 f 3t ¥

* LR E R

. i T e T e I

e

_.--IA,';E} Brd s g GREAAZHIRL FPH P. 26/110




A

I 2
o

Daggiﬂ%a%ﬁ:&ﬁ#%%%&ﬂ=?iﬁ)

o k& 7§ 4t g (fan power ratio, FPR)*FUgsw
v 4r< 20000 cfnrﬂ b F 4 2 FA2E L2 hp/1000 cfm (1.7 hp
VAV)
v >20000 cfmJF,z b3 4 2 ¥42:81.1 hp/1000 cfm (1.5 hp VAV)
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% EER®E 2% &

3.5 HIEH A (Transfer Power)

0 ERABTE R PERLFAEHHEE (TRE) 2
E P

QO F#ri) 27 %R £ (variable air volume, VAV) P RRE
(variable water volume, VWV){r ¥ % 4 4 & (variable
refrigerant volume, VRV) H jit o

TAIPEI 2 e P ﬁiiﬁz ~ B whELFZHIRELE FPH P. 30/110

& TECH




Fan Law

A e,

Dependent
Law No. Variables Independent Variables
la g, = Oy x (DD (NN

1b P = py X (D /Do) (NN pipa
lc W, = Wy, X (DYDY (NNy’ pi/py

2a 2 = (¢ X (DYDY (p o) (polp )2
2b N, = N, X (DJD)pp)" (polp NP
2¢ W= W, X (D /D (p1ip)*? (poip )2

3a N = Ny x (DD (@O
3b P = P2 X (DofD Y (O /O pi/pa
3¢ o= W, X (Dgf’Dl)dl (QN’QQ)S P /P2

Notes:

1. Subscript 1 denotes the variable for the fan under consideration. Subseript 2 denotes
the variable for the tested fan.

2. For all fans laws (1),); = (N, )s and (Point of rating)| = (Point of rating),.

3. p equals cithcrpg»orpsf.
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(variable speed)sc% & i ~ & * »~ U %iﬁiﬁ & (inlet guide
vane)=t 2. » £ Xk & i@ * h P (dampen)#4] ¥

SRR S AB0%E L HERBEL

el § Ry Bl
% 5 &8 203 30% 2. 4= A

= »
a

e

7
RLUG B = £ A~ F whasgzaier #PH P. 32/110

-~ TECH




Example

R m————————_——m5——g—m——gmwTZTGgT0mgnne

Lo

Q Energy Used After VAV Retroflt
ENERGY USED AFTER VAV RETROFIT

BEFORE
CONSTANT-VOLUME FAN

o [ ﬂﬂ{ﬂﬁmiﬂ 18 KW o
: Z
z  Z
g Z
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t' V222 %2 7Z ., Z 7 %
1
e | 22222222 2%% %
8 1227222222277
=
Z 4 Annual Power 2AEEE p o Heb
s . 7 : e ~ Wen es. 1994.
z 7 Reduction: é 2 HVAC Retrofits.
AZ Lz ittt in 2 Z)| | ENCDY Sevings
AUG SEP OCT NOV DEC JAN FEH MAH APA  MAY JUN JUL Fa|rm0nt P’reSS,
[ ) [ s | INC.
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Heal-pipe l%

*——_—f,.';:/
Herb Wendes. 1994. | T& Relary:type
HVAC Retrofits. Energy %
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RETURNAR ————» EXHAUST AR
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A. PARALLEL HEAT EXCHANGE
OUTSIDE AR
EXHALST AIR

C. CROSS-FLOW HEAT EXCHANGE
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Heat Recover

i

g A

EXHAUST AIR CONDITIONING INFILTRATION OTHER
OTHER 4 ENERGY UNIT 3 AIR CLEANER
AIR CLEANER I RECOvERY  AIR CLEANER LOCATION
LOCATION LOCATION r----ﬂ [

s UNIT — L ! --{ - LocAL
OUTDOOR i 1 L 41 & — L4 psUpPPLY AIR | | le—MAKEUP
AIR _} P | ——= k- AR

(MAKEUP -t ( L ! 1]
AIR) VENTILATING |
AIR 0CCUPIED [
SPACE I T Loca
ALTERNATE = ______ EXHAUST
PATHS FOR OTHER ted—
RECIRCULATED AIR CLEANER LOCAL
A LOCATI
IR ____:___J_'/ OCATIONS VENTILATION
t J

A~~paasEXFILTRATION
GENERAL o L «———RETURN AIR
EXHAUST ]

| 74 %R © ASHRAE. 2001. Fundamentals.
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Heat Recovery

L]

0 Heat Recovery Loop

SA (= #wiz)

Qutside

576,600 Bruh heal recovery
B row cols B2 elliciency
(B row coils G8% ellicency)

Inside

Entering Leaving
DB'entering WB B0 leaving WB
TS 63 F 414F413F

T kR ¢ Herb Wendes. 1994.
HVAC  Retrofits.  Energy
Savings Made Easy, The
Fairmont Press, INC.
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Combined kW/RT

System
Efficiency

KWIRT * Chiller KW/RT

Op;}rﬁum operation CWS Temperature

Cooling Tower kW/RT

>
»

CWS °C
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Optimal Control Of Chiller/Coolin Bl ol
Tower Condenser Water Temperature| @ ¥ 71 KB

FORIER - #7
T3 4 chpF T 7
A 32.5% o

: design summer temperature , oy 4 =
20°C |__________ designsummertem perature____ QO kER P el
control setpoint = e ALl b Rl b
@ approach+ wet bulb temperature R R X FEB i iE
=
g e -
@ T Eﬁ&a"ra A AL
2 T T ey, Q Eark s TR
-— a"’ d,f'ﬂ‘— -‘h‘h““{vneﬂQEEH‘iahﬁzrlp 7 P S :afl q, >
-~ tiller | it \,i@};;f{? ’7 I ERRE Rk kR R
0 ' chiller lower limi Sy . - -
13C p===< it —; —_—: .‘?i’/’}\’J\;L’b%q* st b
| - Rk AR
. .. S |
time in in hours & 1
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Evaporative Cooling
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L R+ A F 33 4 (MAU)

OA Folw Rate

10,000 CMH
2.78 m¥s
3.07 kgls

OA Intake

OA Condition
35.00 pR°C
29.00 WB°C

64.3 RH%
23.03 glkg

94.3 kilkg
1.105 kg/m®
27.20 pP°C

RA Folw Rate
92,828 CMH
25.79 m¥s
30.35 kgls

9.26 glkg

RA Conditon
23.00 pp°C
15.47 WB°C

45.0 RH%
7.86 glkg

43.1 kikg
11977 kg/m3
10.44 pp°C

Power Consumption Summary

lem
Load
COP
Power Consumption

~7F
_TAIPEI
& TECH

MA Folw Rate
102,820 CMH

28.56 md/s
33.42 kgls

MA Condition
24.10 pB°C
17.07 WB°C

49.5 RH%
9.26 glkg

47.8 kilkg
1.170 kg/m3
12.88 pp°C

Total Heat
585.5 kw
Sensible Heat
456.9 kW

Cooling Coil

S

CHS Temp.
6.0 °c
CHR Temp.
12.0 °c
CHW Flow Rate
2331 Lis
Condensate
168.9 L/hr

[0}
585.5 kW

3.50
167.3 kw

LA Folw Rate
97,736 CMH
27.15 m¥s
33.37 kgls

LA Conditon
10.43 pB°C
10.43 WB°C
100.0 RH%

7.86 glkg
30.3 kifkg

1.229 kg/m3

10.43 ppP°C

BA Folw Rate
0 CMH

0.00 ms
0.00 kgls

7.86 glkg

BA Condition
24.10 pB°C
17.07 WB°C

49.5 RH%
9.26 glkg

47.8 kilkg
1.170 kg/m3
12.88 pp°c

LA Folw Rate
97,736 CMH
27.15 m¥s
33.37 kgls

LA’ Conditon
10.43 pB°C
10.43 WB°C
100.0 RH%

7.86 glkg

30.3 kkg
1.229 kg/m3
10.43 pp°C

Total Heat
-182.4 kW

Sensible Heat
-182.4 kW

Heater

(H)

Heater
182.4 kW

Cooling Capacity
200.2 kw

Ga
182.4 kW

1.00
182.4 kW

Fan Folw Rate
99,620 CMH
27.67 m¥s
33.37 kgls

Recirculation Fan

‘
—4
1,000 Pa (P
75% Eff
LA" Conditon
15.89 pB°C
12.73 WB°C
70.0 RH%
7.86 glkg
35.9 kikg
1.206 kg/m3
10.44 pp°C

Recirculation Fan
36.9 kw
1.00
36.9 kw

SA Folw Rate
100,000 CMH
27.78 m'ls
33.37 kals

SA

SA Condition
17.00 pB°C
13.17 WwB°C

65.2 RH%
7.86 glkg

37.0 kikg
1.201 kg/m3
10.43 pp°c

Summary

386.5 kW

S i
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11046 °C s © 17.00 °C

100 % £65.20 %

+1046°C s+ 10.46°C
36.99 klkg

19354 °C
4720 %

Item Heat Pipe [ i Heating Coll
Load (kW) 226.69 - 0.00
COP 3.50 1.00
Power Consumption (kW) / 0.00
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M&VHEE=

Lo

»M&V

Measurement and Verification

»ESPC

Energy-Saving Performance Contract
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Keep Independent Variable(s) Fixed
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IPMVP

A e,

International Performance Measurement and
Verification Protocol

0 Volume | - Energy Savings Concepts and Tools

v Defines basic M&V terminology (4 “Options”)

v General procedures to achieve reliable and cost-effective
determination of savings

v Applicable to energy or water efficiency projects in buildings
and industrial plants

a Volume Il - Indoor Environmental Quality

O Volume Il - New Construction and Renewables
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Options A and
B are retrofit-
Isolation
methods

Options C and
1 D are whole-
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Opt|0n C,D boundary lines
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