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- To understand about M&V example for 8 ECMs

» To understand about process and implementation of M&V and
Reporting for ESCO project

OBJECTIVES
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[Energy Saving = (Baseline)py simen: - (ENergy Consumption After) }

- Option A : Partially Measured Retrofit Isolation
- Option B : Retrofit Isolation

- Option C : Whole Facility

- Option D : Calibrated Simulation

Measure & Verification (M&V)
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Measure & Verification (M&V)
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1. Lamp Replacement in Lighting System

Variable Speed Drives for Fan & Pump

Voltage Regulator

High Efficiency Chiller

Split Type Air-conditioning (High EER)

High Efficiency Motor

Air Compressor Improvement

Ozone system for Cooling Tower
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List of 8 ECMs for M&V Example
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. Lamp Replacement in Lighting System

Variable Speed Drives for Fan & Pump

Voltage Regulator

High Efficiency Chiller

Split Type Air-conditioning (High EER)

High Efficiency Motor

Air Compressor Improvement

Ozone system for Cooling Tower

List of 8 ECMs for M&V Example
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1. Lamp Replacement with High Efficiency Lamp
(LED,CFL,Induction, etc.)

2. Operation hour reduction ( Operation, Automatic
Control )

3. Re-design of Lighting system ( Skylight
Lighting, etc.)

ECMs Desan
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- M&V QOption A

- Major Measurement Parameters/ Variables

- ?_/oltage(V), Current(A), Power Factor, Power(kW) : Power Meter, Power
ogger

- lllumination (Lux) : Lux Meter, Light Logger

« Controlled Parameters/VVariables
- Voltage (V) : 5%
- lllumination (Lux) :10%

- Operating Condition
- Operating Hours

- Baseline Consumption Before and After and Saving Calculation
- Agree Baseline and M&V Methodology

- Measurement/Data Analysis Before and After

Lamp REPlacement in Lighting System
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Lamp Replacement in Lighting System
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Lamp Replacement in Lighting System
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Lamp Replacement in Lighting System
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1. Lamp Replacement in Lighting System
. Variable Speed Drives for Fan & Pump
Voltage Regulator
High Efficiency Chiller
Split Type Air-conditioning (High EER)
High Efficiency Motor
Air Compressor Improvement
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Ozone system for Cooling Tower

List of 8 ECMs for M&V Example
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1. VSD with Pump
2. VSD with Fan
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(m)
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« M&V Option B
- Major Measurement Parameters/ Variables

- Power(kW)
- Flow Rate

- Controlled Parameters/Variables
- Water Level , Flow Rate
- Frequency of VSD
- Valve Opening %

« Operating Condition
- Operating Hours

- Baseline Consumption Before and After and Saving Calculation
- Agree Baseline and M&V Methodology

- Measurement/Data Analysis Before and After
- Reporting

Variable Speed Drives for Fan & Pump
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Pump(Example Case)
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Variable Speed Drives for Fan &
Pump(Example Case)
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Variable Speed Drives for Fan &
Pump(Example Case)
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Measurement Record Sheet

““
Volt Amp Volt Amp kw Volt Amp kW

Water Velocity of
. Temperature Water
Time
m3/s

Varlable Speed Drives for Fan &
Pump(Example Case)



Measurement Data (Before)
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Measurement Data (After)

Electrical Power of Motor Pump A
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Lamp Replacement in Lighting System
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Lamp Replacement in Lighting System



ESCOAssociation
1. Lamp Replacement in Lighting System
Variable Speed Drives for Fan & Pump

. Voltage Regulator

High Efficiency Chiller

Split Type Air-conditioning (High EER)
High Efficiency Motor

Air Compressor Improvement

Ozone system for Cooling Tower

List of 8 ECMs for M&V Example
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1. Use Voltage Control EqQuipment to Minimize Distribution
Loss

SARTRRLLRELAR)

ECMs Descriptic
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« M&V Option B

- Major Measurement Parameters/ Variables
- Voltage (V), Power(kW), Energy (kWh/m)
- Production Unit/ Production Rate

« Controlled Parameters/Variables
- Voltage (V)
- lllumination (Lux)

- Operating Condition
- Operating Hours

- Baseline Consumption Before and After and Saving Calculation
- Agree Baseline and M&V Methodology

- Measurement/Data Analysis Before and After
- Reporting

Voltage Regulator
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=}
v v w2 - vo 2 Taem
NAMIAFUANUTUWUT () a3NTDReUTNNT Ianail )
a A % [ 1 %
SEC,,, = AanuauaoInanuTImIznoulsuge (kWh/m' kWh/Pes kWh/L)
E, = PE, x H
PE,. = mas rldhainmiasiaianeudsulsa Electrical Power (kW)
aq v v o o ed o . L, = Myzuneu)iuyalumiag 8031 (m'h,Pes/h,L/h)
1.2) nsai lgmasiuns lawasau lusevddaiiluauilsvan
24 v o & ~ Yo X
NAMIRFUANUTUNUT () euTaeuaums laaail .
= v XK a A
cun/ 24 3.2) nsalmszuiunnulsnansean vsedsuias
un
Eg. = Z IPEPredt x52 Week Iﬂﬂﬁ SEC,,, = fZ(E’L)Pre
Mon\ 0.25
[ 1 [ o Jd v w J X [ a 4
Mon—>Sun = Junaaguluseuddadt (Guauns 99 Iue1nag) . '
. o - anuaulseaygIauTIMIznoulS Uy (kWh/m’ kWh/Pcs kWh/L)
52 Week = Nuudlev lusoudl '
E,,. wasaw lrlihnnmsasieianouiualse Electrical Energy (kWh)
9 v
L, = mizaunouliulielumirnSuneswielSinavseiuildau

Voltage Regulator
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S1LAZIDUANINTNS

Tsew A Slulssnumaaniesdnldmdany degiumslsandinsaesaldaundentaq iy
Wunvuyiia oil Type Fuussaulwihanmsludaiugiinm 22/33 kv Tagaaaalfauilsenu 1 e
1,000 kVA $1u91 1 4@ tazfadalsdanniiTseanm 2 via 1,500 kVA $1091 1 g8 1nm3asieianslswdaann
TWhueelssanunu sgauussau Idihdums @unasni) ﬁé’ﬁwa‘lﬂﬁw (Main Distribution Board) U84#4 2
Tsa0 Taundeedh 398.4 Volt  Fafimrgeninunasgiuiinsliliha simua Tasvzdwalifadnselluldy
mﬁmi}ﬂﬁﬂuwmam“lvdﬂwmﬂwua o3 1Fadua

faiu malssasaliuunanuaefivsAnaasaginsallfuse ﬂ‘]JLLﬁﬂﬂullNﬂ1 (Voltage Regulator) 18
Jvaausasu Tihdums @umaend) fige1e Wi (Main Distribution Board) veara 2 Treamu 1¥egluszey

380 Volt 130 1na1A e ttaz linansznuae Ivaataten1e sz e unsodsevdandaay ba

Voltage Regulator (Example Case)
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351137159970
& dy o v 9 ' Y . . . . o Y 1
Feluanasmstagimsasivdanudeyamniz lugiuvesdaelvdr (Main  Distribution Board) 311U 2 9@ laun MDB
o Y ' 2 A = 9 A Y v 8 W dy
(T390 1) uaz MDB (159911 2) Tagshimsasiviatenuaaz e F9ls1oazdeausdoyaNasIanLALl
o w Y Y] 4 Y Y] 1 J 1 o
1.1) mas lwdhinaelinuged MDB g ldinseslioTansiaiaiitusanesatuqumsaie Iiivesyad MDB Tasih

v < 3 @ 0 v . 0 o & % o
miasianudeyaitiuszezinal 7 Ju wazihmstiunindeyanng 15 Wi Feezinmsasiaianineutazaimslsuge
Y ' Y 4 Y] Y] | J 1 o
1.2) useau Iihineldnugad MDB vz 14in50silodansrviafitusnneiniuaunisnie Idihvesyad MDB Tagvh

v o3 < @ o v X 0 o o o
ﬂ'ﬁ@jjfﬂjﬂlﬂﬂ“ﬁ}@ﬂ&!alﬂu3$flglﬂa'] 7 IU llagﬂﬁlﬂqﬁﬂuﬁﬂeﬁ}@yjanﬂq 15 1“1?] GTNTlgcl/nfniﬁijfﬂjﬂWQﬂ@uLLagﬁaQfﬂﬁ‘]JTU‘]J?Q
% a a o 4 1 v a a 1 { o v o .
1.3) 999 1N1TNAANANNUN Tlgclsi’)'}ﬂ']’inﬂﬂ']ﬁﬂuﬁﬂﬂﬁu']mﬂ']ﬁp\lﬁ@]6114!61)”3@3$8$L3ﬂ1ﬁﬂ1ﬂ15@]33{ﬂ3ﬂlﬂﬂelallﬂuuﬁ LLE%)'Jlﬂaﬂ

<3 % a 1O - o o o v o o % a a o J o a
ugaiimanaanedl 1 Feazinnmsasvianineuuaznainisliuilye ezdesiimiaiuguoannsnaanaasumuazsuIumsla
9 4 A % g}J 1 % % 9 A A Y A [ %
TFnugilnsaiasostninineurazraimsdsul e limlouniolndifsaniu)
A o an < a o
1.4) mnamslgwasnu Iiihvesd MpB u 13 azlddoyannadamanudoyatsuiamsldwasanu vihves

¥Ad MDB V09119 159911 douvad 1 1)

q U

vinema seauuseau Iihmasmsdsudgeldastiadmninasgiuvesms dhdaugiing

Voltage Regulator(Example Case)
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vinandomlaslh (kva) usaau vl (volt) madliliaay kw)
MDB : 4
gega g may

T599 1 1,000 404 391 398 497.95
Y9997 2 1,500 409 396 403 44755
39 - - - - 945.50

FAC1 MDB1

i
600 || of 4 | |

- "'J_ N L i NTIR | Y
k LT
- ks

6/7/2553 7/7/2553 8/7/12553 9/712553 10/7/25853 11/7/2553 12/7/2553 | 6/7/2553 717/2553 8/7/2553 9/7/2553 10/7/2553 11/7/2553 12/712553
12:00 12:00 12:00 12:00 12:00 12:00 12:00 f 12:00 12:00 12:00 12:00 12:00 12:00 12:00
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FAC2 MDB2

700 410
600 |
|
500 | . |
~— (1]
=1}
g 300 Y ! 3 395
200
390
100
385 ‘
0 i 6/712553 71712553 8/712553 81725563 10/7/2553 11/7/12553 12/7/25563
6/7/2553 7/712553 8/7/2553 9/7/2553 10/7/2553  11/7/2553  12/7/2553 12.00 12:00 12:00 12:00 12:00 12:00 12:00

12:00 12:00 12:00 12:00 12:00 12:00 12:00
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SEC Daily(Before) E S C Association

. madlihunds | dasimswannde A¥HMIIFNEI91 (SEC) fuANLTENTAN IR

MDB Jun . .

(kW) (m'/hr) (kWh/m)
6/7/2553 1,010.39 20.38 49.58
7/7/2553 986.07 21.70 45.44
8/7/2553 995.46 20.98 47.45
9/7/2553 1,015.08 22.52 45.07

15997 1 &2
10/7/2553 929.30 17.54 52.98
11/7/2553 897.28 17.07 52.56
12/7/2553 822.45 14.06 58.50
13/7/2553 856.35 17.18 49.85
10 - - - 49.61
vianenwa (1) a¥ims ldnaaau (SEC) = madIniinae / dnsmsnaaman

SEC Total (Before)

) vinanvendadllvh | | I > o 4
1A MDB madlniuade «kw) | dnsimsuanmde (m/hr) :
(kVA) (KWh/m?)
T599114 1 1,000 497.95
1999114 2 1,500 44755

1nag - 945.5 19.06 49.61

%

FHUMSIFWAI9IU (SEC)

19.06 49.61




SEC with Production Rate (Before) TEh§ C

Association

AUIRNUTENTANTINTIN U

70

. \
|
|

50 "

L4
<

® ¢

B
o

]
o

SEC (kWh/m?)

N
o

-
o

0 5 10 15 20 25 ‘

‘ HnsimsHanndadiaiel (m3hr) ‘

SEC Total(Before)

¥a¢) MDB vinarisiautladlnih kva) A¥HMIIFNAINU (SEC) (kWh/m®) MSIFNAINY
(kWh/1))

T‘Nam 1 1,000

49.61 7,154,132.75
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E SC Association
SEC Total ( Before) FUIANLSENTAN TR
) ) ou 2 > o 4, ATHMSIFNAI9U (SEC)

¥a¢) MDB vinanseuadlnih kva) maalviiuaay (kw) M IMIHAAINAE (m’/hr) .
(KWh/m®)
19.06 49.61
i 945.5 19.06 49.61
SEC Total (After)
¥a¢) MDB vinandenalnih AYUMSIFNEIM (SEC) M3 ITNAINUEWh/A))
(KVA) Ao (kWh/m®) a9 (kWh/m’®) (%) nou naa
49.61 46.59 6.09 7,154,132.75 6,718,446.07
i i i i 7,154,132.75 6,718,446.07
ENETEYISaVving
> msidwasnu (KWh/3) naanundszvidala cwn/il)
yad MDB T -
naulsuga naglsuilga
7,154,132.75 6,718,446.07 435,686.68

ERLY 7,154,132.75 6,718,446.07 435,686.68
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1. Lamp Replacement in Lighting System

N

Variable Speed Drives for Fan & Pump

w

Voltage Regulator

. High Efficiency Chiller

Split Type Air-conditioning (High EER)
High Efficiency Motor

Air Compressor Improvement

© N o o b

Ozone system for Cooling Tower

List of 8 ECMs for M&V Example
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1. Replace Existing Electric Chiller with Higher
Efficiency Chiller T (R

Increased compressor efficiency Increased refrigerating cycle efficiency
(1) 3 dimensional blade : (4)Economizer cycle (intercooler)
impeller (2 stages) (4)Subcooler

' High Efficiency two stage
: DI Compressor

Sl
f -
I - Purge Unit with |
; __ Activated Carbon |
I
| With Economizer

& sub=cooler
|

ECMs D

- PR
—

s r| pt

High-performance Heat Exchanger

Increased efficiency resulted from improved
performance of heat exchanger

-
5 {5) Employment of high-performance heat exchange tubes

- Bl € oy <
S— : -
I o - e
T - = e
- W, el
-'_'\ 2
SR
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« M&V Option B
- Major Measurement Parameters/ Variables
- Power(kW)

- Cooling Capacity (RT)
Chilled Water/Cooling Water Temperature (°C)

+ Controlled Parameters/Variables
- Cooling Capacity (RT)
- Chilled Water Temperature (°C) , Cooling Water Temperature

+ Operating Condition
- Operating Hours

- Baseline Consumption Before and After and Saving Calculation
- Agree Baseline and M&V Methodology

- Measurement/Data Analysis Before and After
- Reporting

High Efficiency Chiller
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WAINTU ﬂ’lﬁuﬂﬁﬁﬁlﬂv\l'l%mﬂﬁa%ﬂ'ﬁﬁﬁﬂﬂ’JﬂllﬂgquDHWﬂ@%}ﬂﬂ@ﬂ‘]&lﬁ “B1”

< Y v 9 A A v Y Y
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<Y a Y a Jd Y
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v yd Y] a d o 5 3
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High Emmclency Chiller
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mszihauiu amfutuiindidudssaszinaldifamsulsannsy sa31ms lua anusu gaimgl 1aq udnhdeyanadaaumsannes(Regression) §28
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A

¥ 9 9
e l¥lunswaninioualsszuuuaunuiou (Heat Recovery)
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High Efficiency Chiller (Example Case)
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ton X hr/day = a,+ a,x +a,y + a,xy (1.1) FUIAHUTENTANTTHAIIIU

d' U 1 v A v 1 dy
IﬂEJTI@l'JLL‘IJiLmﬁ391’31]?1’31111’11118@\1@@111J1! = oA w
MINN 4.1 MANAHIVaNUNT (1.1)

UNYUDIMANAI 18I (F)

x =9
) ) a, a, a, a,
y = IUIUNDINNT 8T (HoI9071)
p 147460.8648 -1777.1073 -879.3995 10.8639
al,..., a4 = Anan aaaaslunisg 1.1

I

< 1 [ 1 o 4 o 3 1T o A o
vty ldamasnu Tlihaetuazuldsundad ldammszsinnududet  guugiviuduuas
a 9 d' 9 o X Ly o a d o [y 9 [ v J
UNHUDINIA suqu,a*n"lﬂﬂzgﬂumflslflumawmmgmumammmmmmammmuainmmmwuﬁ
1 [ 1 v v o A = a < Y 9 J [
53W’JNWQ\NWUll‘l/\lﬂW]ﬂ’J“L!ﬂU@’J!L‘]Ji‘VINNﬁ %Q%Wﬂﬂ?illﬂinﬂﬂlﬂﬁgﬁllﬁzﬂ?ii“ﬂﬁﬂﬂ?iﬂﬂﬂﬂﬂ NWUINWNANTU

TihaoTumusasiandldareauns

kWh/day = b,+bx +byy +b,yz (1.3)

v

I Y
Tagndulsuaaz@rianuvaneaaaes 111l

o < 1w
MILMANUIUADIU (ton-hr/day)

X =
a %} < = Y]
y = QUUYNUUIUIRAYI 18U (F)
a %’ 1 <3 1 [
z = QuMiIManIgumass 18U (F)
bl,..., b5 = AMAIN Aaaalunse 1.3

High Efficiency Chiller
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M3197 4.2 nasnnihae u

. 3 Qe NEY gMtiNNiaD .
o MIZTMANNEY 4 . wasnu
TN mag 11
(ton-hr/day) 2 (kWh/day)
(F) mad (F)
14/9/2011 3,507.4 51.5 82.4 3,918.2
15/9/2011 3,552.8 51.6 83.0 4,148.4
16/9/2011 3,491.9 51.8 83.0 4,098.7
17/9/2011 3,437.3 52.1 82.5 3,993.0
18/9/2011 3,386.8 51.9 82.8 4,007.2
19/9/2011 3,381.4 51.9 82.3 3,977.2
20/9/2011 3,092.8 52.0 81.4 3,834.0
ANl 3,407.2 51.8 82.5 3,996.7

Tisunsu PSS 16.0 gninnlfienianed o1,...,

b5 TaeA1AINUeITUMTLAAT I3 IUAIT 19N 1.3

] 9 ] ]
1A R*=0.951 Fagennaudinszy 1 ludoanas (R2 > 0.75) Jansorhunldlumsdszdunasan i

1T W 9 ~ = VAo Y Aa o 1A 9 )
ﬂﬂﬁuﬂlﬂﬂﬁgﬂullﬂ gﬂ% 1 Llﬁﬂﬂﬂﬁl‘jﬁiﬁmmEJ‘]JﬂTV]’Jﬂulﬂi]'NﬂiJm%llﬂiﬂﬂl,mﬂmaﬂﬁ

-_ JJ/‘
| EITICIS

M99 4.3 MAINTHSUaNMS (1.3)

b,

b,

b

b,

b,

-4824925.6693

0.4645

92886.9441

58480.7992

-1125.2811




predicted i day

E
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E
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18122551 6022552

28/0V2552  1TMNZS52  ST/2552 L0855 1802552 122552 22/01/7853




Heat Pump Energy Use

o 4 wisdlih | qamgiivh¥eun | qamgfindeun | dunudesin
H (kWh/day) Wuade CC) ponINdy (C) (#i99/71)
14/9/2011 584.7 58.2 63.3 169
15/9/2011 538.8 58.4 63.8 165
16/9/2011 590.6 58.5 63.7 168
17/9/2011 590.7 58.5 63.8 174
18/9/2011 583.6 58.4 63.8 167
19/9/2011 630.7 58.4 63.6 170
20/9/2011 616.7 58.4 63.6 160
Aunde 590.8 58.4 63.6 168
Aunde -10% 531.7 64.2 70.0 151
AundY +10% 649.9 64.2 70.0 184
kWh, | = kW,,, x hour/year
= 590.8 kWh/day x 365 day/year
= 215,647 kWh/year
kWh, = kW,,, x hour/year (1.6)

= 1.77 x 24 hr/day x 365 day/year
= 15,488 kWh/year

(1.5)
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Energy Consumption (After) Thai

” ST y FSC () Association
Yunamsldnwasau IldhuaimsdSulse szmnumasavuesSunams e FUIANUTENIANITHRSI U

(% a g < a % % 4 %’ (%
wasnulussuunaa sszwamm%’auuazwaNmium%aqum%’aum;uﬁﬂu ANTTUNIT

kWh,.o5 = kWh, ., T kWhhp + kWh,, (1.7)
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Equipment Summary E S C FuANUSEMIAn WAL

IATRINBNTINEY - I Screw 5EUEANNT DUAY 1 Screw 5EUNEAMUZBUAISTNT NI 2 19304 280 Al
DIMIATIUI 3 1309 145.6 AU yauasiay 1mios

yauasiay 2 19r0g

aﬂfimguuﬁu - primary loop 1MUIU 3 19304 - primary loop 9NUIU 2 19304

- secondary loop 914U 10 Lﬂ%@d - secondary loop 911U 10 Lﬂ%ﬁ)\i

A Y [~1 = o d'
INDIGUH IV - aid) U9 11 kKW 91U 2 1ATD
Yiona1 - aid) - YUIA 700 AU TIUIU 1 1ATDY

a a % < 4
sTUUNanTISoU - Heat Recovery 91103 UUHAAYLEY - Heat Pump 3 tA389UU1A 40 kW
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Chilled Water Power ESC fissociation

AUIRNUTENTANTINTIN U

- CH1(kW)(Before) CH1(kW)(After)
;, u I o0 i L TRl oS e 2L, 18

v CH2(kW)(Before)

CH2(kW)(After)
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Chilled Water Temp ESCO &?ﬂ%ﬁﬂgﬂq
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Chilled Water Flow ESC ﬁm?aﬁ%%ﬁ%!g‘ﬂﬁgg
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Baseline Energy in Chiller System E S C RanaLATIAN TS
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MO“th'V Energy Consumption (BeforelAfter) E S C FURNUSENIAN SRS

Ao NHIUTDIND (Tioa/1noMN) — —
naulsulga nagsuilga
4214 196,180 131,498
3,496 216,611 112,253
3,950 286,267 119,834
5,577 184,197 148,138
5,577 210,816 143,744
5,621 166,148 146,476
5224 223,421 134,750
4,674 221,167 130,669
5,584 168,757 136,489
4,809 219,734 128,768
3,859 223,858 121,473
4,943 188,604 131,589
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Energy Saving
A . waan vl (KWh/year) >
aUnann309INs e — walsznea
nauliuga nadliulga
STUUNANTE Y 2,505,762 1,585,680 920,082
3¢UU Heat Pump - 215,647 -215,647
N3G U FoURY I 14,874 15,488 614

533 uNaINu 2,520,636 1,816,815 703,821



