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ggngigiiumgunmnyies

“@éiﬁﬁﬁﬁ 90
GIRTE DI U N H1is 65
SN RN L 55
GihUMAI NG {HHER) 89
mﬁﬁ‘[ﬁthﬁmm (IRITENIHTE) 36
Y8, 25
‘J“:ilijl?li Fluorescent 20
i:iﬁjﬂi Incandescent 5

[Ufif: EGEE 102 - S. Pisupati
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http://www.worldcoal.org/coal/uses-of-coal/coal-electricity/
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GeRATIY = s
Y YR BRI

35 K]

T 0
100K 0.35 or 35%

+  INUUARIANMIAT
GERAVAITD = GERIUITAIGIEUNLT x GERIVITIIGTS x FIRVTUMGINY

=MNp XNt X Ng
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GERAIATIT = X
! MENIRE mun ik

_ 88K 36K 35k

- 100k] " 88Kk] " 36K]

= 0.88 X 0.41 x 0.97
HETss

ggReIRITu= 0.35 1 35%

X

110 mﬁﬁmé

MEHNIEM B
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GgrruisMIt TN

Bmempg ggnBamAMe agnuny
1-MNINAIAE ]S 96% 96%
2-MIBATMSEINT 98% 94% (0.96x0.98)
3-MIRBHBISHANS 38% 36 % (0.96x0.98x0.38)
4-MABADBISHRNS 91% 33%
S-MITHINW AN

Incandescent 5% 1.70%
Fluorescent 20% 6.60%

Source: EGEE 102 - S. Pisupati
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o hsiBnhwidiithaurmhvigifieiigh
DHORITEMEH

° GERM

Heat In

Wout Qc Qy

Work
Out

o tgig GenuRighiimy 50% MNwhnmus

Heat Out

GERUHBI 50% i Q.

- iBgjuifiedgnmniy imnsiamnHmaimgs
AIANAURATE BEMMItIBETY (co-generation), M1
{118785{%S (Combined cycle) SHiRIHIY

18



/

/V

/ st

G = 8i5) ﬁsj SCarnot (Carnot Engine)

mﬁjSCamot tummﬁ“’wmmﬁmmmsmﬁmw (NS
ffie, SAISAIRHILNS, mamitduife sudifimims
joisfist) umﬂimiiﬁﬁlﬁﬁmﬁim%ﬁmmsﬁimgfﬁﬁﬁ
AN uREhEunsiHany |

gsﬁmﬁr’ﬁsmms Carnot ﬁﬁsmlﬁjmtmsamssmiﬁ
Iuﬂﬁ’lﬁﬁ’ﬁ (Worklng Fluid)s

@sﬁmm*’itsmmsmmmm TR BSMGIEN
G1s mm“ﬁsiu Carnot (Carnot cycle) TSI 9
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agini(M) Carnot) =1

osANMOATEHANMOMEE
RATHUNITANIS (°K) THHUNITISHS (°R)

BN{MY T-s 10T Carnot
(Carnot Cycle)
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M 2100 K $IAIEANMAISFEISTIMMLE 800 K
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800

=1 ———=0.62 or 62%
N carnot 2100 620 /

HNUAMATENET SRt EE 8IS MASIBtUgRRuThi
35% IBRGHNGSRAIISIE Carnoti{Es



8 SRAJ Endoreversible ISt AU SidENwHI

INWASORUNARTE SURMATYNUIHIIG]H tsiﬁiﬁ
21ANIMINE (Real Process)

T
N omax =1 — E

\

Source: Yasar Demirel (2012)
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Metering Devise
Expansion Valve
e I, T S .'_T:::-::,:‘-.:..:...-..
h i,. gl
. Point1
™
'y lg
Air
1 — ;
= > J' r’"‘.| ‘g
q —p Paoint 21
S — I
Indoor Coil ! I
Inside your House N --L
evaporator
Source:

Reversing Yalve In position A cooling Mode

—E—e—

Pointd -

;

THEAN TRUHIU

o dc
= ot COPCOOling o W_
:! : :ﬂ in
= = @)y
i :_h 0 .
Outdoor Coil lelted bY (.:arnOt
Outside your house COP 1n COOllng
Condenser COP TC
cooling = B
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http://www.heatpump-reviews.com/heat-pump.html#gallery[pageGallery]/3/

G SRIISH RS A

Metering Davise
Expansion Valve
T i

s Point1” Coefficient of Performance
B e ) .
- : =~ Cool i qu
; A i — :E Air COPHeatmg W
§$==’§ y O) | = — -
== .0 |— =S Ee
: Point 2 . '
- — — _’ X —_
- . 3 3
Indoor Coil -Point 3qC Outdoor Coil Limited by Carnot
Inside your House Outside your house COP in heating
Condenser : evaporator
Ty
COP cooling =
Ty —T¢
Reversing Valve In position B Heating Mode
Source:
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http://www.heatpump-reviews.com/heat-pump.html#gallery[pageGallery]/3/
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gAUINNS NS HMAYWI DRI NUUMUHLMORHIUSUTH
Il 23°C enn"fﬁmf?jﬁnnmmtsﬁmﬁ%Lﬁiﬁsﬁ% 38°C
UIMANEETHR 1kW 1glinmise Compressorumﬂiﬁﬁﬁ‘[ﬁ‘i
MITYOTHES 230W |

COP fufigit2N8 (Ideal COP)

COP - 23+273.15 .
Carnot ™ (384273.15)—(23+273.15) 9-74

COP ‘L‘Iﬁﬁ%ﬁﬁﬁ (Actual COP)

1000
COPCool ZEEE E —4.35
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Genahmissisnm

§§ﬁm[’ﬁfﬁ§:’] ?Sfﬂﬁ[:ﬁﬁ%ﬁ: Annual Fuel Utilization Efficiency
(AFUE)
winsimianohaGgRufiisg)fmisugiiimmmus
Heat Output

AFUE = :
Total energy consumed over a typical year

AFUE Bsnuumeugjiigminid ninigiiniejdantdime 5
UIANATETRU AT TS [UNSTE W

HITHSMESUTRHIS AFUE 1sintnigminin

1 M /A 1
~

e Non-condensing fossil-fueled, warm-air furnace is 78%
e Fossil-fueled boiler is 80%
e Gas-fueled steam boiler is 75%

Source: Yasar Demirel (2012)
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ﬁfﬁiﬁjﬁ@gﬁm\{smﬁﬂm Energy Efficiency Ratio (EER)
mﬂﬁﬁi@ilﬁmmﬁmmssmﬁsiﬁgmgtﬁ:

Output Cooling in Btu/h
EER = £ oL 0

Input Electrical Power in Watts

BT UGgRAIIStUNMIMEIE] Seasonal Energy Efficiency
Ratio (SEER) o
pnuuImIEHATBULEIMIgIm ey

Output Cooling in Btu

SEER =

Total Electric Energy Input in Watthours

Source: Yasar Demirel (2012)
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COP S {UURIYINM (3894 EER &4 SEER Thiiiny
Y5 HHEUISSIOAMY ¢

ANUTIMIHMAMYSS
EER = 0.875 X SEER

N1 SEER iHpumnsiiiai 13 Bmahiiuiiisi cop
TRRENSHTRUTAT 3.43 ¢

Source: Yasar Demirel (2012)
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19182011 HUBUSMANSHIIMITENNG A gAY
BuHmMI 7 30%85m By TmtwHntmsh 25% ¢

The ASEAN energy system, 2011 (Mtoe)

Source: OECD/IEA, 2013 30
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Lﬁmgmmmﬁmmtsﬁﬁﬁaf@mﬁﬁmﬁmssﬁmfm“Lm y
UNGIRNSEL mmﬁmmmmn ﬁﬁtﬁjﬁmtﬁitﬁﬁﬁﬁiﬁm
GREfRRE Lﬁmﬁﬁmmﬂ ﬁiﬁﬁmﬂjmﬁﬁigﬁj TR,
HRT]R N Siﬁgﬁjjs.IﬁjﬁIQjﬁ tsﬁgiﬁmﬁﬂﬁgmjm

(Thollander and Palm, 2013)

QUNINAENGE Suunjy Hamisgjthioo% isfigs
miﬁISLﬁﬁmSImﬁﬁLﬁtgmmmtﬁs{jﬁﬁ (Thollander
84 Palm’ &) 2013)'
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MY I RAIISHEHBONTNSTINM® 60-90% 18] msMITuig
matsnuitunsssigwiduanpunEage B
Htﬁjﬁ Brhi Iuﬂimim‘[ﬁ(support processes ): LﬁﬂSﬁﬁEﬁ

o160, [uigftel, MIGE ... (Gruber et al. 2011; Thollander et
al. 2007) 9

tsﬁﬁﬁlﬁigﬁjﬁﬁm JUNUNAYSIEHESHEH]EGIG TS
o mﬁmﬁﬁﬁmtmi

o ﬁiﬁjﬁﬁigﬁg

o INYBIUSHS [T

o mmmmﬁzﬁaﬁmﬁﬁmﬁ
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TSI E TR B [ B BN RN NYS [N AIPINFY:

- tinmIgnmd sty
° Lﬁmsmnnsq]m

o LﬁmSHﬁms

° ﬁﬁﬁﬁ

o H’E}‘I‘Hﬁﬁis

o gjﬁmm

° ‘Eﬂﬁjsmﬁﬁ

o miTreatmentmﬁﬁjﬂﬂFU

« 118 HVAC

http://eemo.gov.mu/English/ DOCUMENTS/EFFICIENCY.PPT
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http://www.energo-spaw.pl/en/kotlownie.php
http://forums.anandtech.com/showthread.php?p=35653765
http://www.wlec.co.uk/factories
http://www.airtech.co.uk/systems-we-offer/industrial-air-conditioning-chiller-installation/

i S e

—a

HSIHR S

68% ISMI{TMNIHENHESISINgaPINHYR (I
nsi{iisinuunsthunmihwdén Gy mp Higsdion
3976l BUBUISIEMEN 1 42% ISMIT{H{ININID 5]
msi{iiiehtn 1y, mni SuHidstinnsse (Waide and
Brunner 2011)
imsmipidgmnthunuthiBsmuitigingsintung
yGInRnEEeth mnGamingus v hidsuians

2 BN IUNSRERS] (Thollander and Palm, 2013) 4
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Electric Motors
|

v v
Alternating Current Direct Current
(AC) Motors (DC) Motors
| I
v v v v
Synchronous Induction Separately Self
Excited Excited
| |
! : : I y
Single-Phase || Three-Phase Series Compound Shunt

Figure 2. Classification of the Main Types of Electric Motors

Source: Energy Efficiency Guide for Industry in Asia - , UNEP 2006
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http://www.energyefficiencyasia.org/

[sneuisuantGs (Motor Load)

Source: Energy Efficiency Guide for Industry in Asia — www.energyefficiencyasia.orq, UNEP 2006
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http://www.energyefficiencyasia.org/
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§MEIGgRITAIgMNRENMTSSEIHTNS
MAUSwMI{IMuush (Sijuhumniiusi)
ﬁSﬁQtﬂﬁSﬁiLﬁLﬁﬂj '
ttsajlﬁtmitgjﬁsi power quality
miTigaim
mIindif{ Power factor IR
1B infngjugimiitg
miuemiafjsis induction motor

Source: Energy Efficiency Guide for Industry in Asia - , UNEP 2006
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http://www.energyefficiencyasia.org/

N
(8)s]

WSHIANATIIIN 14% ishunuHRnSisuime
zsﬁgmﬁmﬁmnﬂﬁﬁﬁampmﬁﬁ (Waide 8% Brunner &
2011)

GANEUHIEMI

Source: Energy Efficiency Guide for Industry in Asia - , UNEP 2006
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http://www.energyefficiencyasia.org/

UifguY
[UAsy
Pumps
|
Dynamic Others (ee. _ Positive
Impulse, Buoyancy) Displacement
Centrifugal Special effect Rotary Reciprocating
|
| | | |
Internal | | External Slide
Lobe
gear gear vane
Figure 7. Different types of pumps
Source: Energy Efficiency Guide for Industry in Asia - , UNEP 2006
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http://www.energyefficiencyasia.org/
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§meggrtapgmamunmiaty

—

SRR AT

Lﬁﬁlﬁﬁﬁlﬁwﬁmﬁﬂm’i VSD (Variable Speed Drive)
MIBU BRI IIE ﬁjﬁmmﬁlﬁimﬁﬁilﬁm
ﬁﬁﬂjﬁﬁmﬁﬁﬁlﬁﬁﬁiﬁﬂjtﬂﬁ"ﬁmﬁs (Valve)
Lﬁmsmm Start/Stop iﬁﬁiﬁﬁ

H{BUANT
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TUNSUINNSSIU

mmmnsejmmsmsmmmm 17% ‘ESﬁ]ﬁ‘[Jﬁ‘[Jmﬁimﬁﬂﬂj
‘HﬁfﬂSﬁjﬁi ﬁﬁifﬂﬁjafﬂ‘piﬂ‘ﬁﬁ (Waid and Brunner 2011)

amﬁjggmmsmﬁjgmnmﬁnmtsmngﬁmnsajm

o MHUSLIHITRIHNI (?ﬁmlﬁgmm 111t Payback period )

o MIMAUSWIENES]N 7 1816 bars (MNBUSWHHOLTHEINN
7% HAEHITI)

0 mﬁmmmaﬁﬁmnﬁﬁmsmmsmummmm@ms

o ILﬁHﬁﬁiRﬂﬁiﬂﬂSiuFﬁiuﬁ"ﬁﬁjlﬁms VSD (VSD COMpressors)

o mmmmmgmmtsmitLﬁmeﬁMmmmLﬁmSﬁm fEiguInn
GIANSg b

Source: Thollander and Palm, 2013
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ﬁ@iﬁﬁﬁﬁ% ﬂijﬁiSﬁLﬁmﬂﬂmll% tsmﬁﬁimm‘mﬁmm ‘Hﬁ
N ﬁjiiﬁijﬁfﬁjaﬁjjliﬂﬁﬁ (Waide and Brunner 20m).

Source: Energy Efficiency Guide for Industry in Asia - , UNEP 2006
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http://www.energyefficiencyasia.org/

GNURNI

Source: Energy Efficiency Guide for Industry in Asia — www.energyefficiencyasia.orq, UNEP 2006
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http://www.energyefficiencyasia.org/

e i st

§meggumsIigmnthunuismIginiiayh
- NI RN R Y ]
{B0m: a7siiens mﬁmﬁmﬁ QAN: IR A

bige Z'Sﬁfﬁ[l//ﬁ?ﬁ it [ﬁ[ﬁ[ﬁiﬁmﬁgﬂﬁZﬁﬁffﬁmi ﬁ?fﬁ[ﬁﬁ

GuBiLayout 181618 MIGAMETSTMITGime misnmes
SUTURTRMI
- MHUSHI resistance 18]S (MINABISHNG)

e tﬁ'jajmjmm%’ﬁ BEP (Best Efficiency Point)
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o IBOMNITIGIHAE

MIARTISATM yngmz}"mﬁﬁgﬁﬁﬁﬁ}"i’,s’mﬁs mﬁﬁyiﬁmﬁﬁmfgf
Bearing, mffﬁffSﬁSﬁmmf@[ﬁf)ﬁ mfﬁmﬁmygﬁffff mE
BTG

(U B U)IB UMD

ﬁ[U(Pu//ey)ZfSZUiHZ]’ S ngiﬁﬁ«.?fm(dampers) gulde vanes
ignenIEa; AR EISEISeIIIIm 5Zfﬁm/7mgyﬁgym

mgﬁs (VSD) ﬁ@m,mmmzﬁszﬁgﬁs OB UBMITT iGN 81
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ASTHRMARENUSINNIMIS AN

° [U%fiG Direct expansion: unitsmmodular%ﬁﬂjmSﬁ\ﬁﬁfﬁﬁ‘ﬁtjﬁ (501ENS8NE]
A, TR)

* Centralized chilled water plants with chilled water as a secondary coolant (50
191 250 1NSISMAHTDH)

* Brine plants with brines as lower temperature, secondary coolant (‘IfﬁS‘L‘h 250
ngismn )

http://www.carrieraircon.co.uk/index.php/chillers/product/30xa_ 252 1702 air_cooled screw compressor_liquid chillers
http://www.ahi-carrier.com.au/product.cfm?productid=78&content=52 46



http://www.carrieraircon.co.uk/index.php/chillers/product/30xa_252_1702_air_cooled_screw_compressor_liquid_chillers/
http://www.ahi-carrier.com.au/product.cfm?productid=78&content=52

.- B
MIGE] R wMIvyR
- mnDmadnizumssanbiiasRg)iGaphngbBaieiteias
NG AANATEIBITAN
o DA ENURENIN{ESIGUBIHRSHNA
o INEUNHAMAFANMNNUIRHIVRIS]A ARSHINNHANMNRNNE
T HIURIS] I tiﬁtﬁejn'j‘fﬁnjltja’msﬁgéﬂﬁmﬁ%”fﬁigﬁghmmﬁ"jmﬁﬁ
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http://aquacaresolar.com/2013/02/13/2013-xcel-rebates/
http://www.zigersnead.com/current/blog/post/hot-and-dry-down-south/

/

g ’ i
§MEIGgITSIigMNtBNRIS NS RN

gjUERgiinNIMITAYIn
iinguniaiuanifih

[oAgitnsIFsEams (Multi-stage)
RRUMIERgISusnITaENg

(AU EIMEIRITAIRI[UE: (Compressors)
OSHMAIELMS BeATHBE Dinma{BimiInys
RiguRRGATAA U

Featur'es 183 Design iU ﬁg

Source: Energy Efficiency Guide for Industry in Asia - , UNEP 2006
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http://www.energyefficiencyasia.org/

PUU N IJU‘IS Fi)] °‘ﬁﬁ.ﬂ GIM: mﬁLULm ﬁj
MY ﬂjiﬁﬁjniLﬁfdi

Normal 40.5 17.0 0.69

Dirty 7.2 46.1 15.6 0.84 20.4
condenser

Dirty 1.7 40.5 13.8 0.82 18.3
evaporator

Dirty 1.7 46.1 12.7 0.96 38.7
condenser and

evaporator

Source: Energy Efficiency Guide for Industry in Asia — www.energyefficiencyasia.org, UNEP 2006
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http://www.energyefficiencyasia.org/

g

MU

o
'R
(AV)

T IAII AN 8% S nathunuHRNSGIUHYaRPINGY
(Waide and Brunner 2011). '

#NAIGIGTIsngine (1 luminous flux) & . (1 watt = 683 lumens
at 555 nm wavelength)
MGG ISNSIShiligismms 15665 4 Illumination T8

it footcandles 1 lux FAXEETH{GH (Metric) 9

o 1 lumen . 1 lumen
oodcandle = —— ux:
Rated M rated lumen $BMITEIHOUTGEHIE rated

19MSMNI{Ti{Ie 1 lumens per watt
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UWIGHEEU
° j:i E] b Inca ndescent Compact Fluorescent Lamps

o E]L“U Tungsten Halogen
. HR6 Fluorescent

o

. f0 HID -

e

High pressure sodium :

Low pressure sodium
Mercury vapor {
Metal halide -

o

- HFPU Blended

o

- HEIU LED (Solid State Lamps or SSL)

Sources: Enerqgy Efficiency Guide for Industry in Asia -
US DOE,

High-Intensity Discharge (HID) Lamp

ar

d Arc tube

Outer
tube

, UNEP 2006

51


http://www.energyefficiencyasia.org/
http://energy.gov/eere/energybasics/articles/fluorescent-lighting-basics

MUY U6
v

Range Avg.

Incandescent 8-18 14 Excellent =~ Homes, restaurants, general lighting, 1000
emergency lighting

Fluorescent Lamps 46-60 50 Good w.r.t.  Offices, shops, hospitals, homes 5000

coating

Compact fluorescent 40-70 60 Very good  Hotels, shops, homes, offices 8000-

lamps (CFL) 10000

High pressure mercury  44-57 50 Fair General lighting in factories, garages, 5000

(HPMV) car parking, flood lighting

Halogen lamps 18-24 20 Excellent  Display, flood lighting, stadium 2000-4000
exhibition grounds, construction areas

High pressure sodium 67- 90 Fair General lighting in factories, ware 6000-

(HPSV) SON 121 houses, street lighting 12000

Low pressure sodium 101- 150 Poor Roadways, tunnels, canals, street 6000-

(LPSV) SOX 175 lighting 12000

Source: Energy Efficiency Guide for Industry in Asia — , UNEP 2006
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http://www.energyefficiencyasia.org/

/

e

Solid-State Lighting (SSL)
SSL IBUMmSuIEHIgNItN
light-emitting diode (LED) $iMtss
SHIUR organic light emitting
diode (OLED)

SSL msmiiinBmuiiiaSumms
(RN R RIS TGt BEIgE
HI M {D{INAINNgH MU
30000 to 50000 TE% YRAtIHEHY
183

UEMMINAIRHE BNIGHGNt
UBigs HINgA BMIMMEAN
aly

Source: US DOE,
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http://www1.eere.energy.gov/buildings/ssl/sslbasics_whyssl.html

e e e

Efficacy iSHE)ULED p|uiuigidi
UIGRISNURANBM

Luminous Efficacy
Product Type (in lm/W)

LED Aig lamp (warm white) 94
LED PAR38 lamp (warm white) 78

LED troffer 1'x4' (warm white) 18
LED high/low-bay fixture (warm white) 119
High intensity discharge system (high watt) 115
Linear fluorescent system 108
High intensity discharge system (low watt) 104
Compact fluorescent lamp 73

Halogen 20
Incandescent 15

Source: US DOE,
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http://www1.eere.energy.gov/buildings/ssl/sslbasics_ledbasics.html
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SMAIS UM SIUIgMNRBNISMIDE

o tl‘i’igitﬁﬁ{iﬁ%ﬁmms@gﬁmgﬁj Buth T5 fluorescents with
high frequency (HF) operation, high-pressure sodium
lamps, light-emitted diodes, etc.

USUIFNSMA(NE) TR HY
H{UNGNUIHG B {HSENS MGNITHG B H 0 GE
‘fﬁﬁtﬁ@ﬁﬁ@ﬁﬁﬁﬁﬁgfjﬁ g memiEb pemnig:s
MS{UEIgMNThti{Usensors 9

AN A TN RS MW NS {ESURENMITHIHWE YN E
IBigiumi
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///a e o (=
wgmnhunupiawintms

IEA MSRiHsanSigliiimsmipagmamennesnisat

grnes wunnmBwapymeiunan: Biwgueninmy:

1. f;n‘fﬁmgmgﬁ?gﬁﬁﬁjgmmsﬁ@gmsmﬁ“ﬁsm‘jﬁLﬁf’?ﬁgymmmﬁmm
IB0Ig

2. MIDEUINIINUBHMUAUIRE]I{D {UHBShUANMITTAUIRY
BWETEL ' '

3. USWIHEUGEINITUNIBSSEY

4. tesgimagliiatha o migntos iBumssigimnige

(3]

Source: OECD/IEA, 2010
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A0WS Hybrid (Hybrid-Electric
Vehicles, HEVSs)

HEV cﬁ”mtﬁtﬁgiﬁﬁiSHybrid TERIth
ﬁSjﬁ’]iﬁ SIS HUANE iyt
SﬁLﬁmSﬁimILﬁﬁﬁﬁjS y

DGy EENSSIMifgiiin
Res:i{Eethi SumitimuigRist
il I3ISHEISHIUSHRANYE 4

Toyota Prius 2013, 1.8L, 4 cyl has
EPA Fuel Economy of 50 MPG
(Combined City and Highway)
compared to 35 MPG for Toyota

Corolla LE Eco 2014, 1.8L and 4
cylinders. (www.fueleconomy.gov)

Source: http://www.floridagoldcoastcleancities.com/Resources.html
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How HEVs work

Source: https://www.fueleconomy.gov/feg/hybridAnimation/swfs/hybridframe.html
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Source: https://www.fueleconomy.gov/feg/hybrid Animation/swfs/hybridframe.html
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Source: https://www.fueleconomy.gov/feg/hybridAnimation/swfs/hybridframe.html
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=OFF

Source: https://www.fueleconomy.gov/feg/hybridAnimation/swfs/hybridframe.html
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Source: https://www.fueleconomy.gov/feg/hybridAnimation/swfs/hybridframe.html
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/ : — e
1 1 o o o
TG G NS TGS Si i [T ST [Tmgs gl HEV
v 7
Regenerative Braking. S uniiniudngGmsyeiniguGenerator iy
HENUIFIH O unUHRS SuRRISIHT M |

Electric Motor Drive/Assist. §&infinanuthiisisinumiuifisdigs miini gms

1G]45 4 188 ﬁsmﬁa]mmsrmmﬁﬁs (Lﬁﬂﬂj’t‘hﬁHS) SHMIDERSNS{UNG
MOgITGIH 1 sttt tukssEGtnyRisihEnum i iuTenNTRul
tmﬁsmmummmsmm A HNSGSRIUHEIRE

Automatic Start/Shutoff. mSﬁmmsr’wmmmiﬁiﬁtsﬁtmmtumsﬁﬁjSNWNMﬁ
MAATT Sﬁuiﬂﬂiﬁ)ﬁﬁjﬁfmts*imﬂjtuﬂjaccelerator[‘ﬁimsms 1 MITSGUENE
migs mmmﬁmmm idling

UIgRIgIRngiMBumsIImHh R bieliliswshybrid s MsMI D M
Atkinson cycle, 1i8]ENSMA{ITIAIIIG]H aerodynamics, low rolling resistance
tires and electrically driven A/C, power steering and other auxiliary pumps.

Sources:


http://en.wikipedia.org/wiki/Hybrid_electric_vehicle
https://www.fueleconomy.gov/feg/hybridtech.shtml

—
All-Electric Vehicles (EVs)

EVs Btanimisehts
R
uinms 9 OFH{HINS
gmmmﬁwmﬁ&
HRWE (UGG 18w

RHRIHBOTE
ﬁﬂiﬁ PON f:l[ﬁ 9 Two Chevy Volts and a Nissan Leaf charging

Source: http://en.wikipedia.org/wiki/File:Chevy_Volt_%26_Nissan_Leaf_03.jpg
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BANATGIRTSEVS 1i5fIrGIGHIstIgENaIsE tne s (ICEs):

—

Energy efficient. iStgHRmSUTEHAT 59 191 62% 1S BNATHEHED
Gridigimgmnigini 1 istwgaiusymuigmnsminm 17 181 21%4s
unumsisinaphauistnms ig@ithmemnigind

Environmentally friendly. EVs msummItoumytnitg 10

I TINME ARG ENUHRLSMEEHUI)MORhFh 9 #HED
INUBATEOUSWIATHE G8UNTHRNE INYE RSN NsMSsH]
giRithtuaj Bsunmagmsmitne e

Performance benefits. §&isTmSRMgiIHuRANHSHINSINTITS
]SRN (g memisefiuthit ICEs |

Reduce energy dependence. HEUSHM{UANBONGLIRHH i 4

Source: https://www.fueleconomy.gov/feg/evtech.shtml



. o

Battery-related challenges of EVs:

Driving range. Mui{lS1S EVs MGITAUINS{UENAN 100161200 miles
HSINUTEIIHRUSHNG] 5 9 IBWSI DN MBITRUITN 300 miles
HSINW MR RIENG] 5

Recharge time. mﬁimmﬁﬁmsUﬂﬁtmmimmtmﬁmmﬁmmﬁlﬁimi
00 4 1918 TEI mﬁjtﬁmsﬁmmimm INUMTMEATIE 80% [fNU f
Lﬁiﬁmmj 30 Gini

Battery cost: unmpwitmesnihinsn i gigTNwnsnnEHi u Ul
Yy HSE 9

Bulk & weight: URhsAREESHI T {manight
Man it g fuugiG e [l nginfuigRigNMEW AMNERNERIUA
EVs 1538 9

Source: https://www.fueleconomy.gov/feg/evtech.shtml
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“Technologies of HEVs and EVs for
|ICEs

Auto Stop-Start systems. An advanced high-power lead-acid battery
2Nt absorbed glass mat battery mﬁmmﬁtﬁ

Electrohydraullc Brakes. ﬁﬁlﬁﬂmmﬁlﬁmsi}mﬁﬁﬁm ttﬂtﬁi’]ﬁmmtﬁ
HUTNSITATIES

Advanced Aerodynamics. UIfiigaJ aerodynamic IHRIHItNSIEY

[WEIRINY EVs 84 hybrids S«ﬁLﬁimsmtﬁmﬂmﬁﬁjstﬁﬁﬁimg 81418
igHRGEM

Regenerative Braking. {U msméj alternator IBHISMIM generator i8]
immﬁﬁiﬁﬁﬁimSLimﬁ 1] Lﬁimﬁ throttle, ﬁﬂﬁmﬁﬁj 12-volt ﬁﬁﬁﬂi‘ﬁ

cllf183 in ﬁjﬁﬂﬁ‘ﬁﬁuﬁ mmhmmmmﬁmﬁmﬁsﬁmimsmmmsmmm
tJ ‘I

Source: http://www.edmunds.com/car-technology/hybrid-and-electric-car-technology-helps-gas-cars-gain-mpg.html



. o

Low-Rolling-Resistance Tires

Driver Coaching Displays. JUSLMUTNSUINMIG[isiin
instrument panel 1B 5] {INUHRTUAVITIHOATANSIEMANTIHL
NI T TGRS NS [T gMNEETMITONIBI, MIviHs
IﬂjﬁSL‘ﬁjﬁaﬁﬁJ, migelif BumasiahitiminRyiag «

Eco Route Planning. iRsGuinmuiisugmadime{iipisgs:
mswigmmEstgnisndsFuiniinminuginsietig
MATSw Mg uAsmSmhuminnnssnEInNE g Riei iGiD
T{UiNgs: Ms[uAiGmnemtialini g gIgIni SR YIRANG] s |
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~ Fuel Efficienc
Habits

e source: PCRA, India

y an

Drive at 45 kmph-The Optimum Fuel Efficiency Speed

According to research on Indian cars. At 65 kmph, 15% extra fuel
burnt and at 85 kmph, 30% extra

Switch Off engine at traffic light if the stop is more than

15 seconds

Share the car with other people and share the cost




* Fuel Efficiency and Driving Habits (cont.)

Check tires pressure regularly
25% reduction in tires pressure cost 5-10% more fuel burnt

Drive in correct gear for fuel efficiency
Incorrect gear shifting can lead to as much as 20% increase in

fuel consumption

Maximize use of top gear for better mileage
As soon as the speed reach 40 kmph, shift to top gear

70



Tune the engine regularly

Save as much as 6%. Have the engine check immediately if there

is black smoke, poor pulling power or consuming oil

Clean air filter regularly

Cylinder bore wear out 45 times faster in engines without air
filter

Use brakes only when needed

Anticipates stop s and avoids frequent use of brake




* Fuel Efficiency and Driving Habits (cont.)

‘ Use the clutch pedal only to shift gears
Avoid unnecessary loads
Save 2% in fuel while reducing weight by 50 kg. Minimize wind
resistance

Plan the route
Avoid heavy and stop-and-go traffic
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* Fuel Efficiency and Driving Habits (cont.)

Use AC only when needed
20% more fuel is burnt when AC is used.

Use recommended grade Lubricant oil
Multi-grade oil is favorable. Use thicker oil can cause 2%

increase in fuel consumption

Use the vehicle wisely
Plan route and combine trip with same direction
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/ PP e e MALEE ooy e
mnH‘ISﬁStﬁuﬁﬂHm IR ANV ST Y
1, 1SS ShiswsHngSm

source: PCRA, India

1.

ﬁmjﬁﬁ]iiﬂjﬁmﬁjilﬁﬁmMﬁ mmﬁﬁmﬁunmmﬁmmmﬁﬁﬁﬁm
IGiaiSiths 2000 BHTIITHNATR

IR huMIu T OSHjTELENUIAIRHRIUHI{UN
MR R Tiruhianth Sunsiaisiatang 2%
ISIRMIT UMt {UHHgs:

AR B nsRURmiNg MO h: mejdiu U BmmmuR s
it 9

ﬁajmsmm PMARTENEIH BURAIUIA[ENUY /g]iIgfuae

IﬁﬁtﬁiﬁmiﬁmSiLﬁjHSSthﬁjm giguisma; msmmmmﬁrﬁ 8
nmsg, aﬁﬁmmmﬁﬁﬁ%ﬁjjﬁ SutgymsminIgink
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10.

El

NSe A IIRSS:: D[ pH B TMSARNMAR, Sﬁlﬁfﬁiﬁ
tgimﬁmmimﬁlﬁﬁmsﬁmﬁ

InEasHtiennn; Nanuishitnfundisihes
feeler gauge. ﬁ%ﬁjiﬁmimﬁs idling

Injectors [HIRNHSHMS{UAIGMN: 1SIAUATANENAISTISTN
N8R mHITRSEAIsMInNMmMsinninyt
ﬁ%ﬁj@ﬁ%ﬁﬁ%ﬁ: nERISmTIMUMITEh TS 9
QLI HE NS
A{BuRbReE: mis{Buis{Ruming] Miyiign|@s 9
M NA ITRgS 1 {HethiYs BUMEUST IHaIun
it
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12.

13,

14

15.

/

/

GUANHMITRAIEN: 18UAMLE] MSMItHTEiSmMIEy
BUSBHTE MG Rt STSMSH It
wrBHgRhAbmIastniini: DeajiBwthigiuniigi
ANALE]

iﬁpﬁwésgﬁﬁpsmm% iisiBumsiinnsmsn{Bnauy
s hdsummigpgunynan sy i S
[UARUTIAN{UN iR usisinunumy
mmtmmmsgiﬁﬁéﬁﬁlﬁiéﬁmﬁtg‘fmmﬁlmﬁESigﬁmrﬂ
1{IIMRSS: (fuel injection pump): TsinnER N ERFYH]
isyymnEIUiRgs: islunstheitutmAtiguRInARETm
39 MNNSSIMIDURIGUYHNNIUNRSS: MEIYfU 4
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WA gMAMBNURNIESWATANA SHHMS

(=) 1 n 1 = == A
HNT{U IS EONNEILS §01/4 191 1/3 18THO6
IO {IAIASIUSRIH SUNTNWSTIBAN{UUNH{TUR
MISeIHIBIMe ISMITMIIAIS RN

The McKinsey Global Institute, %ﬁmms&ﬁﬁpﬁqptss
IS EATNSGOHUARNTANT DNS{UHANTINSMItSS4
isimsmisiduuRyhwsdgnnismdtjwnigl
MEUSWMITMIIZASHSAINATISMIT U AGH 84

(U GMAHMI

Source: Hong et al. 2007

i



imSﬁiimLmULﬁmgmmmﬁmmtS’iﬁﬁﬁmi:

o HﬁigjﬁISHmi (building insulation)
‘[Jﬁms“t‘[) «tﬁﬁﬁ (lighting systems)

e ﬁi‘g\‘[;ﬁ fi (alr conditioning)

o 83 MIfTZGH (water heating)
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BEORUEINSIEMI
MGG
ﬁﬁﬁmimnﬂﬁﬁﬁ

Source: Hong et al. 2007
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[UEgMOhENLMIIESTs (home design)

o HINAETHEIBSMEIEUMBIENS
mfigimpeity igussmsg Gaigs
i uIeTBa s MBaNGINWRs R

o WARJNY open plan style SR {T{INA
unwaisnisgnuttnms infngmag
tﬁﬂStLﬁjﬁﬁﬂijﬁﬂﬁmtﬁLﬁimsﬁejm
AN AEENNITEI TS THNES 1 IBNHTS
ORkIR s EEGNmnSIwis g
B mAUgATEIRUHR{EIg] [ AIS]
TORAM LY -

Source http://www.elcsacod.co.za/content/tips/energysaving.ppt

Maximise the use of natural light

8o



s

REggIimiugIR| St

eyt e 9 gl A
GBI T HOUHE
MHIHE 90% {ENUMITE
T A
Geuigsejinsifiimuiaiigs
RH MINIMITUENIE ] 81
GGRTNSIIMSNFUEISIUIHER
161 25% TUMIGAMIITTHS
[HithA.

SEUIDIRE]TSEY SHti
o0

Source
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http://www.elcsacod.co.za/content/tips/energysaving.ppt

Source:

http://greensolutionsexpress.com/wp-content/uploads/2013/08/Energy-Efficient-Homes-006.jpg
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http://greensolutionsexpress.com/wp-content/uploads/2013/08/Energy-Efficient-Homes-006.jpg

Source: http://greensolutionsexpress.com/wp-
content/uploads/2013/08/energy-efficient-house.jpg 83


http://greensolutionsexpress.com/wp-content/uploads/2013/08/energy-efficient-house.jpg

e
URBURUINIOUEgMNB AN

ulERAISINS mnnnirSte]w tigh
FgmitsmibRuigmnmunm
TURIRSRIUIET (FURIANIUTATITNME
iEsIghilmnEimmEnF)

M TS BAMUI U BN A BesEhes
BiguhsmeUasmnhEnmis)
mﬁgsgu‘iﬁm@m UHBIET TS RN

Source:


http://energy.gov/energysaver/articles/energy-efficient-windows

MR URGIRUBSHRND

MILTSY storm windows

Caulking: (UM {MURHTISE

YIHGENN 6,5 BUTHE 4.

Weatherstripping: (3 {ENUMIGE
t‘[‘fﬁﬁﬁ%ﬁmﬁﬂjmiﬁﬁjﬁmi@ﬁm

NISHULE.

Windowutreatments or coverings weatherstripping

caulking

Installing of an external
S storm window


http://energy.gov/energysaver/articles/caulking
http://www.dazzlingdoors.com/weatherstripping-replacement/
http://www.diyadvice.com/diy/doors-windows/window-upgrades/new-storm-windows/

Treatments SHHAPUUNG

Mt U uingd
TreatmentiG I UM EIBMATSL
miiginfn eusms:

IHTHANE (Awnings)

Blinds/ Shades

1188 (Draperies)

High-reflectivity films awning
Insulated panels

Mesh window screens

Overhangs

Shutters

Storm panels

Source:

Blinds/ shades

Exterior shutters

blinds

Draperies
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http://energy.gov/energysaver/articles/energy-efficient-windows
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1UIN QU"Q ¥}

Energy-efficient window technologies are available to
produce windows with the U-factor, SHGC, and VT

o BBy THE EUERTEESMGEIBG | proseres needed for any appication.
gightuufi guissin{nifiufnd (thermal break) | 1]

o I{MBRULE (Composite): RUSRUIADATAH MBEESY
IS HINSAIMITAD

o I[MuEINGTS (Fiberglass): ®8T MBS {IINEYMEEI
mstinemh Faggpnsipuuiimag diingsh 1 M8
thermal performance ti'hi'iigﬁj :

. thagwﬁjﬁ (Vinyl): Shigeniebet PVC iBmsmgmims
Nmag UV IBE]RwetehBungnsmB]. Bamuanunan | s
FR{ASUAIINERY MEHinsunmiEhwRag

o T{F T6D: B8 thermal performance UHE]Y, Uiges
M withwRmmmu®g, HIMITHMHUD

Lﬁtﬁg\fsﬁﬁﬁﬁﬁ (window frames) Window Technologies

Low-E and/or
solar control coating

Gas fill

Double panes

Spacer Stop

Stool

Backer rod

Weathearstripping

Source:
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http://energy.gov/energysaver/articles/energy-efficient-windows

/

(IITAGIS HERIUTRIUYE

o UInMIhwas Gas fills: QUG HgiveinIfig, hgigl
iHUInMIgIhtIaals inert (argon 1 krypton)

. fis (tints) (U : €8 tints gt BRI EINANITATFCY
ol ushs solar heat gain coefficient (SHGC), visible
transmittance (VT) §i1 GAM4I (glare). tinted NAN{ITRe §i
iy ﬁiﬁﬁsmmﬁlﬁjﬁﬁmmﬁms SufAtE 1 tinted OANi8{3
SMIURURMTININSHEMAI{GS i M EMATSMIGAHHA
ilgeo. fifiugin tinted nANiginmEInfahi |

o ﬁsﬁim‘tﬁjﬁ%ﬁ (Insulated): {EIuncAtES unstimabeta
IRYjUTHELINS U HG

Source:
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http://energy.gov/energysaver/articles/energy-efficient-windows

{31818 ARG

o mﬁﬁ“jmmﬁmmﬁ;smmmﬁmtﬁ%ﬁ (low-e) : BEIHU{EHMIgHAT
BTSN TR ANSHGH 1 huymmeiiuighiuumn 10%
161 15% Gighmumbugmitniulthunmnat 30% 161 50%

o MDD D MATgWMIThUEIengnemSs], siantngits
thifigl 1 meugw VI Sungsiuauisnsuhiis, dighmiug
SHGCRuig:. maEsEinsi{sigusvammumarliDyjEtimims
igpufndlihwaningpem&eg, sigimpimimitiuisuhwais

» Spectrally selective coatings: T{UitgOTHIEIIUH low-e THAITH
spectrally selective. ${MeiteN 40% 161 70% ISHIERBUHEMMEUMS
ganmAmsAngiins iMwnsnundtingmamunSEuuhi
iR 1 vilinthitan RYjHaEmiaIuHRnig (wavelengths) 380
AANEGH (FhEYMAGIANG infrared 18 solar spectrum).

Source:


http://energy.gov/energysaver/articles/energy-efficient-windows

e R /

/ P

[wiaeBunimisuhsRAG BRI AN RS GIBMH MG DTS
« Awning: mﬁlﬁmﬂjﬁtsﬁmmﬁﬁﬁtﬁﬁﬁmmttﬁi 1 MGIGINSHENIIBHIL] R
AUTNIUHBIEN (sliding windows).
» Casement: DA TS ABIVIY 9 ISHMNIUBHWE]W [fi8ji awning type.

- Fixed: Ut 1UNBSMS 1 MasuBmwebpEsitnstigumis i digls
mmﬁimSImtmmtumLﬁimiejmmmﬁmmﬁﬁﬁﬁ

 Hopper: %ﬁlﬁmjﬁtsﬁmmlﬁwmmtjﬁﬁﬁﬁmﬁﬁ 1 HSHENIUTRESTE [fuTH]H
awning Sii casement.

« Single- and double-hung: HHUNE SWINIIENUT BIMURT Double Hung
mSIﬁmmLﬁmmmmtgjﬁ mmmm Single Hung % BSH{MIAIGHIS]HISH
mﬁﬁﬁmumiﬁj‘[“mﬁjﬁ

+ Single- and double-sliding: fi1tsis Swifiien Hiensuiis Double sliding 1 Tt
YWD Hinsuiis Single sliding 10RIHTGISTNSHMIUENUSILE
Uil single- and doublue-hung igs.

Source:
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http://energy.gov/energysaver/articles/energy-efficient-windows

Source: http://energy.

o1


http://energy.gov/energysaver/articles/energy-efficient-windows

e
ASISHUTBNI(EA)

ISRy BOURthURINNEEjuIis[URgmn

6.

TNAITRNIS EA B:

o TRYMAUSWMIEAMIINH BN

o TREMAUSWMIGAMI B ERURMI

o IREMAUSWMIBAMWANUMITHNUSHMIA
AnE I

. miviisaanmauTansiguthmizssinnngims
UIHSRIHMAMINT Source:

T EARHIRIGRI T EE, EA JuEIANAEHLMIME
USUIMITMNT gRISHerm~ GHG #iit


http://ecotelligenthomes.com/news/

P

/

1JUIN IS FUTSAYBHAEY

aiisfiy Uiy The Walk-Through Audit (7i559)

- PuifrgnjefuGasBupatisajithwinn gihshugnuism e
ey ”

- JUUOEMINETEEEgRmmnTmathunm Gmamitlgmne
HIGEIR) %ﬁtlﬁjﬁmjﬁm%’ﬁﬁ?gﬁﬁjﬁtjﬁ?igtmmmLmﬁ AIgH[EIIHHm

- ReTIgiMNIsEmamsiHEn ihdsntiumusiEsmu:mi
iETnwuingsinuminsinpRvimiSiiss (operational and
maintenance plracticesl )

- ngimmanumgjudsiumsNgjmeminfindinisunymamisny

Source: Handbook of Energy Audits/ Albert Thumann, 2008
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rdSRYMIEE (FHi5HG82)
- Di8s S TmanBathitgs iigunini [whgige st
RIFIEN: (URURMI(operational characteristics)
- MBRIMINaTEIMIEg g gseTEunig:y
o MSMIBANNENGMHST NN I RN ENUYIEeety]
ImAdenn BusnmmingsamuibHua
- DISUEUALMIIMEIEREISTNSMIBNNSRATHS
e
Source: Handbook of Energy Audits/ Albert Thumann, 2008
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Mt SimulationithtifingGi (fTsGm)

o mMiuHEngitfingG1 (dynamic computer software)i&]j simulate
hgihwAnuusgsw MM maSGgaunRingintdjsan;s
AWM T MU ENINM YW

o ﬁﬁiﬁSﬁLﬁitﬁjﬁmﬁmmLﬁﬁLﬁi (validate) ittt R rtlE G gt thuene
DATai B NS [N

QA o

0 tLﬁﬁm’tsﬁmJgﬁm DH]GGITNS:
. DRmedREs M AR UMY TnIEH
. MINHIERGHGANITISHIG]HIM patterns ISMIT{D MU HOAHE
o EImITyOfmsBniumaunini S8 pRuimi (operational
data) SumitiHsifij(model) msmaRu GNGHnjGiHAN
. theiglmitauigiannsmwnan: ErNm U

Source: Handbook of Energy Audits/ Albert Thumann, 2008 0
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SNIMIESISRYRBN

MINIHIGAIISATS MY
RS ER s by mﬁmmﬁﬁﬁgjﬁmmmm (mSﬁJ
IRTHI patterns eNHIZIMEY, mﬁﬁm?gﬁHsmﬁmSﬁmmLﬁﬁLﬁitsa’
fiti i)
o [UYWTMEMEE, aNURJAY, SHHRUSENURMN: TGRS TUNH
o HIUHANBMMUhEEYWYISHMIIL 1 GENUL T YHESH NG
Ranfsithtgnel s akenBthunm
o HANMIBAIIUEAT gross area sEhtui{ii MpHMITEAISIeWII{EY
tfsfsimls
Source: Handbook of Energy Audits/ Albert Thumann, 2008
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. o

- DS UTUSuHGsswMi SR YL uGD
FNIGERI HMIBHaURINMANS D HD
o mﬁﬁﬁjmm(Proﬁle)iﬁmﬁmﬁﬁmsmtﬁ MINNANSN

HﬁILﬁme BMINSANISUNSANTR]NY IYMSLSNHRR
Siormsants

» HNS) Energy Use Index (EUI) Eiﬁilﬁjﬁitﬁjﬁ EUIsIUES
[UIAGHMIEITR]Hm

Total Annual consumption of all fuels in Btus

Gross square footage of building

Source: Handbook of Energy Audits/ Albert Thumann, 2008
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. o

UTHERSIENHIUAIGEN (Site Sketch)
- G118 outline teHmMI
o SRINSSITAISHNEN]
o RIATNAIATY
- IRgNIsHMISYWYsHAUEUIgY
- G [IAGRES: BUISAIIMNMITS]URIANTNG utility
o GO (FUBANUIUIIGUARTANSNG utility By ®
- GenutanigihiidsuiinfiSumoEthhssaunini
* [ENUMNAGIZRITS
Source: Handbook of Energy Audits/ Albert Thumann, 2008
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GaISABGMI

. B uHmNE RSN

o gtInEI BT UHANIRmG N MIBANYSeISRES
qLix

o IGIHIgURIANURSITRI NG

o BHIAIUMOEI [ENUTRAEN]

Source: Handbook of Energy Audits/ Albert Thumann, 2008
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