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Energy Conservation workshop 

EhlS 



CI Space Geometr) ( . k e a  Dimensions ) - Background - 
f o Operating Schedules 
~; Lrlh1l"g 4 

o T?pe d: Quantity of Existing S\stern 
o Present Lighting L e ~ e l s  E n e r s  IIanagement in 

* 1 . Lighting I 

(I Evaluat~on of Individual Spaces oLight~ng Consumes about 4 O o  of The 
o Study Possible Improvements \\~'orld Energy Consumption 

a Different Options oDifferent T!pes \\?ith Different 

! 
! 

j* 

: 11 Reflectance of \Valls. Ceiling d: Floor 1 

o Modification of Evist~ng System 

6 Replacing Lamps 
b : 6 Change S\\ltctung Cucuits 

ii o Replacement with .Another System 
,. 

. 
a , 

lding or Entity .inalpis 

o Recommended Procedure 
Conduct a S u n  e \  OR I 

I Re\ re\\ Prqm Plans 
s Less Saosfactor? . : 6 Random Check 

I 
. . * 



Annual Operattng Cost 

o lniclal Costs Include i 1 Lamps or Flxtures 
LVutng 

I. , 6 lnsiallal~on 
'a : II Annual Costs Include . 

E, Fa11,xe Lamp Rcpla~emsnt . . . ifa~n!mance 
s r Eltimstt? Energ! , 
s . 

Replacement o f  Existing System 

o Requtres Higher Investment 

o Should Be Econom~cally Just~fied 

+ Example 
100il\v \fercup Lamp - U-i@ L 

6 JOO\V H P Sod~um - J5(m L 

Saltngs = 605 \V Per F~\twe 
Same L~ghl Le\el 

Llghlmg 10 4 P - 2  7 

~. 

a .4nnual Sa \ lng  = !D 223 

a Task Related lllurntnat~on a Inrcstmcn! = JD  167 

a .%\old ~nneccssanly H~gh  P B Pen& = 14 Slonths 
Lc~cls  of Uniform Lighting * . I 

: Throughou~ the Space i 
a .+% ., g 9 Result Proposal IS Just~fied . I 
s I . . : 
I , :: .. . : 

o Rorommded Lll-ce Lex-els 
o Cons~derlng 

a ES L~ghling Handbook { CSA ) 

p CIBSE C d e  ( CK ) ln~t ia l  Cost 

a Client Seeds g: Requirements . : a Appllcabil~ty . 
j8 
;. 
is L O M q  I2 



o Docs Sot ln\ol\e Lamps. Luminaues. 
n Space Dimens~ons. \v or Other S!stem Componcnls 

Group Slmlltx Task in One .%ma 

.Wecl the Dismbution of Light In The +Group \VorLers Ha\ ing Sim~lar 
Operating Schedule In One .Area 

-w--s 14 

2 
s a Guide IES Recommends. 

For Office-T,pe Spaces 
Celllng 80 - 90 ? b  

n Open Areas are Sfore Efficient o Refleetame 01 \Valls. Celllng. 

11 Introduction of Partitions Reduce 
and Floor .UTect The 
Illuminat~on Lc\els 

o L~ght Colon Ha\e H i g h  
(1 Large Rooms Utilize Lightlng en erg?^ 

Bener Than Do Small Rooms : o A\old Excess~vely Bnght 
:8 o High Ceiling are Less Efficient. 
',: 

;m 

ystern \lodifications 

o Loaer Lum~na~rcs Closer To \VML 

10 - 60 ?b r Cse Lower \\'artage Lamps 
I : o Rclocatlon 01 Lumina~res 20-JOO. I , 

.8 .. 
L Remo\e Cnnecesury Lumlnalres ! . 

.n .. 1 i 



orescent Lamps 
oLight IS Produced By Fluorescent 

Povders Activated By the 
Ultra\ lolet Energ? of the 
Discharge 

: n Contains X l c r c q  Vapor at L P .L- 

.: C >  Reqmres a Ballast B. Starter 
:. * . . . .. . . * 
8 Lrghltq 21 

- Mercury vapor Lamps 21 
oRoduies Light \\hen Electrical 

Current Passes Through a Small M .. - Amount of ltercur?. Vapor 1 - . i t  Consists of Two Glass .- :i 
En\elopes 2 - 

: o Rcquires a Ballast to Operate. 
1. >. 

o Rating 50 - 1000 Wan '. . ' 

a V q  Similar in Construction to 

o Major DiRerence : 

Contains Various Metal 

to Mercup Vapor . 
i f i lmg  : 70 - 3500~ 

o An: L~ghttng Un~t Csu311? Consrst 
of Pan or .All of Thc Folloa~ne 

Families of Lamps 21 
o Incandes;ent& Tungsten Halogen 
ZI Fluorescent 

i: H~gh in tens^^ Dtscharge Lamps 

I 
\lercuv \'apor Lamps 

: Metal Hal~de Lamps 

: H~gh Pressure Sod~um Lamps . : +Lo\\ Pressure Sodlum Lamps 
: 

iz.: 

&ndarcnt , & Tuagstm Hllogeo 

o ~ o d u c c s  L~ght B, E l c c m d  
Heat~ng of a \\'Ire ( Filament ) 
till Radrauon 

o Filled wrh lnar  Gas ( 5. .AR ) .- . r 

rt The Cap *. 

r E E d ~ m  Sac\\  

a B B a ? m  
8 

'*"? - 
aHalogen F~lled \\I& Halogen 
a Rating 12 -2000 \\'an. 

'4-w 21 



1 
HID - Low Pressure Sodium 

erg?. Saving Opportunities 

P o hlosr Ellictent of ALL 
< I  Has a Slonwhromar~c L~ght 

What To Look For ? 
ri9 k 

11 Used \!'here Color 1s Sa . i i  , : 
: Imponant g: : ,. I 

,: o Sodturn Vapor in E\ xuaccd 

1 j ~ r n e i o ~  ~ r d u c e  The L I ~ ~ I  

I: oRallng 18 -1  80 \Van '. 
Lqhltng 29 B 

1 
~ " s W  

2 
. . ,.-, ..,.... .,-..-.., .. .... I......ml ., ..... * * ....", , .. ./... BE-../.A ,"110 C L  . I, DI.. :, " L  I... 

e .... .. ,.. . La.:, .-. 
m 

s -- 

to Define Lamp Type ? 

sht is Produced \\hen E l ~ m r a l  
urrenl Passcs Through a Snd~um - 

i, Has T\\o En\elopes 

13 B? Shape 

o B>- L~ghr Color 

I >  By S w n g  T~me 

o By Sfodel S o  
w . 
w 

I 

"..., . P L ,  

..t,.. <..-. *-- 
: + Ourer - Protcc~ne. Clear or 

.9L -- Coaled ,: c Llgh~ Color 1s Golden l.cllo\\ :. 
LqhIr"9 28 . 
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ENERGY 
MANAGEMENT 
SERVICES \ 

T!plcal \lotor Setup .. 
iSqu~nel Cage induct~on~(oton 

s. 90 ?i of Ex~st~na l lo~on  'x 

i Synchronous Sfotors 

iS l~p -kng  Slotors 
'\lotor Losses 

-1 

'1 
Torque Speed CIS'S. 

.. 

- -- . . 
If otor Perfo-rmance .. 
Output Power = Torque x Speed 9550 
. Power m LLV 
. Torque m 351 
- Speed In WSI 

Torque i Speed C S ' s  
- System C:S Cume 
. Sfotor C;S Curie 



-1. 

Motor Losses . 
;Xlagnet~c ( Core ) Ldsses ', . Hysteresis Losses 

'\. 
Energ! Reqmred to 5fagutirc Core. 

Edd? Current Losses 
Due 10 Curr~mI P a ~ s ~ n p  Threu&1 h e  Core 

. Voltage Related 
Constant lrrespecti\e of Motor L 

. Flred Losses I J - 20 9 b  of Tola1 Lo 
Mclm 

>Frict~on ( Xlechantcal ~'os.ys ) 
\Vindage Losses 
Bearing Losses 

. Brush Fricuon Laws  
Funcuon \rith the Xloror Speed 
. F~xed Losses 5 - I0 "b of Total Los 

Input Power .. 
2S1ngle Phasc = \' t I t P F 

I \lotor G s s n  .. 
- 

91 
i Copper Losses ( 1-R Losses 1 

\ 

\ 
i 
I 

. I'R Losses III Rotor it 
- Propwt~onal to the 

Stator Losses 40 - 45 O. 

Rotor Lossn ?O - 2 5  O .  

w 

I i Stray Losses \. I 
Result olLeakage Flux lnducyb> che 
Load Currents \ ~ .k.: $a,. 

\~"?L": ,.,& 
;;->: 

D~flicult to be Measured or Calc-fgz.. 
.*p; 

Generally Ropori~onal to ( I r o 1 4 - ; & ~  ' .I-* \ ~,::~ - 10 - IS ?&of Total \!ma Loses .. . 
i 1- . -- , -,-: 



-- . 
.\lotor ~hararteristics 9 

I Slanufacturen Lsuall) Su'ppl? \lotor 
\ 

C S ' s  as Cun es or Tables I 
1 . Motor Ellirrcnc~ I \ S I  o o  L a d r h  

I 

Available 

Make Approximations 

No load rpm - actual rpm 
%Load = 

No load rpm - full load rpm 
%led .p - S ~ l r  Sp"d - l10-ti P 
Ful lad rpm = S r r  fie rp 

UDlor 

- 
Performance 

Input Power Method , 

I .  Input Po\ver Sleasurem&tt 
2 S4anufaclurer 

1 ~etermi";-%iotor Efficiency 
1 

i lnput Power 
\. - Can Bc Sfeasured Csln_e D ~ g e  P F 

I Speed Sleasurement %f*od I 
; L.s~ng a Tachomctcr \lea& .\lacr 

Specd ( RPSI ) 

r Csrng Speed \s Sfotor Load '. 
Lkcermlnc the Loamng of the Si 

r Uslng Eficienq 1s Sfota Loadtng 
Determrne Slotor Eflicreac 

i Efficxenc) \s Output Poaa 
3 Draw Eff~crency vs Input P o w  

i 8) Dnldmg Pout : Et?is~eni! 
4 Using Ne\\ C u n e  Determine 

Xleter or Poaer .\MI\ zer 
'T. 

ixfotor E f i c ~ e n c y  

. \Ye Sced to De~ermtne Slotor L 

. There IS Tno Approaches lo De 
51010i Latd~ng then EKlacn;? - 



Determine \ lo tor  Efficiency 

ihfaintenance 
P out = Oo Loading ' Prated 

>Power Supply Qualtty 
' l'oltage Vanations Eff = Pout P ~n 
'Frequency Variat~ons --3 ' 0  

o \lol.~ \antplate [Xradr (v. x.Pr. L n .  RP\I. rmsa ) 

o ifowr T > p  <,.kc. DC. ) \. 
4 \loar .\pp!>ubc.a (Rrmp. F a  Conxe 

' 9 \loror Rvnnlne h a e o n  
o \lol~Ccmvol t>lmual. Aulunabc and h\ 
a Eusttas Slrrtcr ( DOL Sur Dclm ) 
4 .As< oilk >lola 
+ \!ow R:w:d~ng  
a \L@w i t u d  \ t Q m r ~ m : J  iV. .Amp. PFi 
4 Pcuu F t i l u  Cm3ibun 

.b compressors 

Air Handling Units 
Ventilation Units 

ENERGY 
MANAGEMENT 
S E M E S  

3Autornattc Control &h?otor 
Operatton 

llrlatchlng %lotor to Load 
\ 
T .::?.~ Replactng Oversized \ loton , 

olnstall High Efticlenc). l l o t o s  :. 
3Control Motor Speed OTD) 



I. 
Calculations' - . 
+ Calculate Esrsting %lotor Cwnsumptron 
.Annul Sanngs m L\th = !.foror k & x t  HI-IC) 

U k r e  
i l l  Eurnng \lalac Opcra1:ng Hrurr 

I f :  Ssu Ropnrd \lotw Opnnne Flours 

Annurl Saxmgr :n ID = Sznner ikUhl r. TmiTi!D 

LlDCor. 

+Electrical \leasuremen&\.. 

-Po\ver Factor 

->Speed Xfeasurements ( RPXI ) 

( *Extst~ng Motor Load &kFsumptlon I 
+Savings = Difference 

i 

-- . .. 
Turn OFF FVhen Sot Seeded ~1 
Turnrng Off Thou: V o ~ o n  R.dI E \ c  a I N  cf 

Energ!. \\hrle S o  or Lo\\ In\ y e n 1  is 
Requrred , - Programmable T~mcrs 

Temperature Controllers - LC\ el S\r itches 
Rnswe Controllers : 

Matching lrotor to Load 

Xlotors are Usually O\err(zed 
;, Safcn Factors \ ,.. 

\ 
3 Cher Estlmatcd Loads , 
3 LVrong Cal- LU 1 alrons 
2 Volta~e Drop 
3 Selaling Son Surcable T:pe of \la 

E\ H!@ stanir+ T,x+e 

Udm 

Identifying the Bfeasure .. z!l 
If Motor Loadlng Ratlo <,SO '?b 

-Efftcie= iVrI1 be ten Lo\\ 
-Calculate for Replacrng rt 



High Efficienc~3iotors 

4 3 -5 Oh >lore Efftc~ent ' .-. 
4 Better Effic~ency C S's ...... 

S~rnllar or Higher P F 
Lower Temp Br Solse 

Less Affected by Supply 

More Efficient 9 

- 
1, 

Efliciency (vs) Horsepower E! 



I .Actual Pouer  Input 
Load Factor = 

Rated P h e r  Input ! 
= 2 5 l ( 1 7 3 2 ~ 4 0 0 ~ 4 5 x O 8 5 )  
=251265  
= 0 94 

Ho:or Eff = Pod 1  Pin 
= 0 9 4 x 2 2 5 / 2 5  
= 0 8 4 6 = 8 4 6 %  

- -. - 
Example : 

Eulst~ng Slotor Effici I = I -  = 
Proposed llotor Effic~e* 

I-., 

-, 
Energy Sal ing 

* I '.. 
> ~.~~~:.: 

= 8 0 06 of Exlsting Input Power :. \._ 3. .% ,',> x.::: . :<:. . . .~ ,.... 

Example .. 

mdm 
Zlsamcspeed 
2Same Vollage System 

3 Same a Suitable CIS'S 

Zl Same a Better Speciiications 

\\h~:h means hlgh elliilcncc' due and h s  \ - 
motor canna be replaced \w$ smalla 
normal eflic~enc? motor Hpytr. 
replacing rhs motor \ti& a 12 5 L Q  M# 

<.." ~% ~. 
eI?iclenc? motor \nth 92'0 efiaencz-ripi .:<-.. - 

some sa\ lngs can be a;hre\ eJ v:f., :.. s.:z. t:.. * 
\ "f 

! 1:~ 
): ;!' .> 

Example .. -_ ... 
Sa\Ingr m cleculcaf p r a  = 8 b 3,k ' 25 

= : k\ti,, 
Annual m cncq? sosi 

' 
= 2 kW ' 4992 ~L;>T ' 0 Dhj IDZUh 
= 629JD;>- 

Teu Moim Crm = 1250 JD : .. .!.:; 

, P W P m o d = 1 ? Y ) ? 6 ? 9 = 2 D Y t a - r  

Ltm -~ 



ENERGY 

\larch the Variable Load MANAGEMENT 
SERVlCES 

.:-Power Consumption L- ( Spe 

.:-Small Reduct~on In Speed IVIII Ca 
S~gn~ficant  Redualon I n  Po\r.er Co 

over). Big Potential . But Carefully 

Uorcar. VSD 

--.. 
Features of AC Vanable 
Frequency v rives 
Standard Protection Features'\, . D\n L'nder Yoluge 
. ScR SunSrop 1 
- %--PhrrcEmh Si*>r!s on OuIpur '- . O~aload Rorecnon 

. \ l am Ptux Failure 
, . izicIn*rion & Dcccl*alion 
! . E l ~ l r ~ t n s  Rc\~=rin$ 

. CmprlsConnol Optl~vl 

Mrnorr - YSD 

I i H ~ g h  Level of ~ a r t a b l e h o a d  I 
1 * Operat~ng at P m ~ a l  Loads f d r k  I 

>Long Annual Operat~ng Hou 

>Possibility of Speed Variation 

- 

Examples 

Typical ~ ~ l i c a t i o n s  

\'anable Torque 
I . Cornpa-, FLX. ~ e n m ~ a ' t  

8 1  

. T = L X ~ '  

. p = ) ; r . n '  

Constant Torque - Conve)ns. .Aptalms. Cmshm - P = k x n  

LLm-YY) 



-1 I Zon Suitabl2pplications 

3 Full! Loaded or HI@? Loadfl irlotors 
3 irfotors that can not Tolerate W h c r e a s e s  
3 Slotors Sl;b.ititrj to Frequent S 

Operallons ( e g Cranes 1 

3 \lotors lhat Handle Heak? Loads 31 S 
Zmcs 

3 S\nchroncus >b!\>rs 
3 DC >lotors 
3 Cndenratcr irlotors 

M d a r  - VSD kt 

T i m a i i i e  Control , 

3 Calculate F\-lstmg Xloior Ccxpumplion 
\lotor LW \- b n u d  Opzarin_e &I 

3 Derermtne .A\erage Sen Speed 4b (3) 
3 Sat~ngs 5 6  = I -  (S)' \. 

\ .  .> 
3 Ure Safer) Factor 0 S - 0 95 d ~ ~ d i n $ ~ . @ ) @ ; ~ ~ ~  

accurac! o i  )ow caliu!at~ons i ..>.,.&i -..::..&: .. .. . 
\', ~:$..:$;:: 

\ i D  clfiircnc! 91 - 98'0 y , :P.~-*. ~: :~>.2.+ 

l:;~:.*>.. r ~ c c u n c )  of mawemenu n srhnanon ':::: . .."(I 
r S p d  roduclion csllmarlon y;B; 

&- 
LMcs - VSD , ...* ~ . ~ .  

\TD Control 

3 \TD c w  ioi;nol nr!o: rprd i d  ir. *rr 

r \ l a w 1  imm lhc \'FD Cmzd P A , ,  

r Tun: SihcJulc 
I 
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Example .. \ 1. 

Egldpnrnt : 
1 x 1  15 L\V ID 

T m  Conwill L-all ID 500 
\ 

Electni.l Pa;! and Rolcroirn ID COO , 
\Vmng & Acccrwmcr ID IW 
!r.sullm.>m JD 1x1 

ID 2XUI Total 

Molm - VSD 

3. Annual \lonetan Sa1-io@ 

Sa\-ings In Energ? Cost 
- S.\mgr In EI=ciiri Cm%-phr; iis 

= 5 1959 L\\'h* U 063 JD I.\\% 

I = 3273 JD Ycar 

MANAGEMENT \ 

2 _  ENERGY 

MANAGEMENT 
SERVICES SERVICES 



ENERGY' -- 
MANAGEMENT 
SERVICES 

1 ENERGY 

I MANAGEMENT 
SERWES \ 

.\lotor Perfo?mance 

T>pical Slotor Setup . .., 

Wolor Losses 

TnnYniYim L 

Types o f  Cfotors SI 
i Squ~nel Cage Induction~oton 

+ 90 "i of Exlsung Xlolws \. 
I 
! 

iS>nchronous \lotors 
i Slip-Ring \totors 
i DC Slotors 

Output Power = Torque x Qcd 91'50 
. Po\ver m k\V 
. Twque In S 5! 
. Speed mRP51 

Torque ; Speed C, S's 
- System WS Cune 
- %4otorCSCune 



i Magnetic ( Core ) Losses 
Hysteresis Losses 

.. 
\ 

Energ? Requlred 10 Magneiue Core - Eddy Current Losses 
Due to Currrni Passtng Through the Cor 

. Voltage Related 

- Constant lrrespectire of Motor Loa 

Flred Losses I I - 20 ' b  of Total Lo 

- 
%- -. 

Motor ~ o s s e s  .. 

LVindagc Losses 

Beanng Losses 

. Brush Fnction Losses 

Function \\i!h Be Slotor Speed 

. Fired Losses 5 - 10 " o of Total Loss 

. I Example : \ , 
.. 

5 MP.. POLE. 3 PIUSE I I O T o n  
TI-AL SYEI)CII P L O W  I 

Input Power .. 
3Slnglc Phase = V x 1 s P F 
3Thrcc Phaw = ?-\ V x I x P. 

= OJ:~." f'crrr: - 
' ! I  i = P 03: ? L-. 

I - Copper Losses ( 1-R Losses ) 1 

. Stator Losses 40 - 45 O O  of T 
- Rotor Losses 20 - 25 ' 6  of T d  

- Resul~ of Leakage Flux Ind 
Load Currenu 
D~fficult to be X4casud or Calc 

Generally Proporuonal to ( I roc 

. 10- l5?~~ofTotal~fotorLosses 



Manufacturers Usually Su'wl! Slotor 
C S's as Cun-es or Tables 

Alotor Effiirenq ~ \ s )  'o Load]& 
. . ; .  Paver Factor i \ s )  ' 0  Lnad~n_e ~. 

2 Slanufactwer 
i F!ficrcns) \3 Oulput Po\\cr 

3 Drarv Efficiency vs Input Po\re 
i I3\ Dntdmp Paul i Efilaene) 

Akallable 

>Use  General Cunes A\at labbgr  
Make Approximations 

No load rpm - acrud rpm 

No load rpm - full load rpm 

.s. *d *r - s.-. sp"d - 120-ti P 

i Motor Efictency 
- \Vc Socd to Dctermlne \lotor Load 

There 1s Tao  Appoaches to D e m r  
\foror Loadrng then EErc~en,? 

Speed ileasurement \fe&od 
Using a Tachomem s!& .\lotax 

s Using Speed 1% Slotor Load *6 
Determine the Loading ofthe \fa 
Using Eflicicne rs Slotor Loadrng 
Determine S{aor Efficreq 



>\laintenance 
Pour = " 0  Load~ng * P rated 

>Power Supply Qualtty - Volta~e \'analions EtT = Pout P ln 
= Frequency Vanat~ons --3 O a  

o \lolar T \ p  i XC. DC. ) 

+ \ tom R m t s z  Dmlm 
o \lolor Cmm: (\lanull. .Xutananc a d  h u  

r Euwxng Surtn ( W L  Srar Ella I 

r ape ciihc Slcla 
o \laor Re\\tn(tns 
o \Iclor Xirurl \ luwcrncna ( \ .  Wp PF, 
+ Po\\a Fas In  Curi~clron 

* \laor R~rmng Tmpaere  

\V~thout Seed For That 

i Examples . Air Compressors 
Exhaust Fans 
. .%r Handling L'n~ts 

Ventilation Units 

ENERGY 
MANAGEMENT 
SERWCES i 

3Autornattc Control Of %totor 

oConuol Motor Speed (\TD) 

J 



> Calcula~e Exlsting Slotor Csnsump~ton 
. h u a l  Sawmgs In LBI = ~ o t o r   ti''.^ ~ 1 - t ~ )  

\\?Xre i 

r HI  Eurong \lotor Oprrattng t i w r  

\lotor L\V hom mucurernmrr ix of R a t d  

ldentifvingthe Measure E.!! 
-rElectncal >feasuremen&\. 

-Po\\cr ( k\V ) 
-Power Factor 

+Speed kleasurements ( RPk1 ) 

Sa load rpm -actual rpm 
'.Load = 

So Ioad rpm - ful! i<md rpm 

M c n  

+Existing Motor Load & b s u r n p t i o n  

*Savings = Difference 

I  urn OFF \\.hen 'lot Seeded sl 
Turning Off Those \loton WJI Sa\e a lol of I 

Energy. \Vhtle S o  or Lo\\ In\-ent~s 

Programmable Timers 
Temperature Conuollcrs 
Lae l  S\\rtches 

- Pressure Conuollcrs 

Matching Motor to Load 21 
?.lotors are Lsuallx O ~ e r q z e d  

I Safen Factors ~\ \ 

3 O\er Es l~matd  Loads 
3 U'rong Cdculatons 

3 klecllng Son Su~table T>pc of\! 
+ Ex il:& Suni.ng Txqx 

a g t h e . J f e a s u r e  .. 
If Loading Ratio 250. ? b 

-Effictency U'tll be ven  Lou 
-Calcuta~c for Replactng II 

\<<*<%< 
..<+-:.: g 

uI.m . .. 



High Efficiency Motors 

4 3 -5 Xfore Efiic~ent ' . 
4 Better Effic~ency C S's .,. 

4 Slmllar or H~gher P F 
Lo\ver Temp 8: Tolse 

4 Less Affected by Supply 

- 
\-. . I \lotor Losses 

1 
d Energy Savtng -. . , 

% of Savings = 

4 Existing Xfortor ~ f f i & ~ ~  
= I -  . 

P 40 of Sa\lngs 
= jJyo 

P 

MANAGEMENT 
SERVICES 

I 

i 
I Energy Management in 

I 
. I 

~fficien&@s) Horsepower 

-i* -C--..cl 



- ._ Example .. 21 
.-\ctual Poner input 

Load Factor = -- 
Rated P m e r  Input 

= 2 5 i ( 1  7 3 2 x 4 0 0 ~ 4 5 ~ 0 8 5 ) '  
= 2 5 / 2 6 5  
=044 

Motor Efl = Pout 1 Pin 
= 0 9 4 x 2 2 5 1 2 5  ' =0846=846% 

klorr 

- 
1-. . 

Energy ~ a v i " ~  

O b  of Sawngs = 
, 

'.. 

Evlsting Motor Effic - = I -  
Proposed Motor Efic i  

= l  - ( a 8 4 6  0 9 2 )  

= 8 0 O o  of Exist~ng Input Pou-er 

Uo(arr 

2 Same Voltage Syam 

2 Same or Suitable C!S's. 

3 Same a Ben- Spccificabons 

- 
Example : 

C8u Orvnblm : 

.Ar elccmial mrxor is l o d  lo be rmvxry 4-: 

jho\\d b. Ihe p w c  mpui :r !.w .r 

r a t d  \al;ics \r me 

- 

Example .. 
\\hich means hrph ellicren;?'. 

motor cannot be replaced 
normal eflicrenii motor 
replarrng thls motor \uth a 12 5 LWw: 
eflicicnc~ motor \ \ I I ~  92'h e f i c r c ~ ~ i b & ~ :  . . .~ 

some salings can be aihlc\ed , ~: 
2 <; 

\. . .. 
Example .. 

= 629JDi)rar 
Ncu Yaa Coa = 1250 JU 
P!l3Pmod=1?501629=?OYran 



+Variable Speed Dn\-es ( >.SD ) 
Control the Speed of the Xfq~or to 
Slatch the \'ariable Load "\, 

oPo\ver Consumption 1. ( Sp 

oSmall Reduction in Speed iV1II C 
Significant Reduct~on in Power C 

c\'ery B I ~  Potential But Carefully 

Mdm VSO k 1 

- - - -  -. 
Features oP4C Variable 
Frequency ~ n v &  
Standard Protection ~eaturk-,, 

Dln i'ndsr Voluec 
. kfl S W l s l ~ p  \.~ . Fimr-?hrrc ~ u r h  ~ k v r r  on oulpt - Ole load  Rolecnon 

! 
- \(ern Ph ly  FI,JY,C 

%ciclsration & Daelsntlen 

. Elcaonw Rs%crnng - Cnr.pr:a Ccnml Opnon 

Mc&,s - VSD 

>High Level of ~ a n a b l ~ h a d  

>Possibility o f  Speed Variation 

ENERGY 
MANAGEMENT 
SERWCES 

-. - 

Examples 

1 
Typical .4p'pIiiations 

\'anable Torque \ \ 

- ~ = ~ x n '  . P = k \ - n J  

Constan1 Torque 
. ccar\.c?as. AgItalQS. Cruzhar 

P = k x n  



S o n  Suitabl~Applications 

J Full\ Loaded or til&l\ L o a v  \!orins 
3 \lotors that can not Tolerate lU%(Lkirease~ 
2 Sloms Subject& to Frcqumt Stm'Spp 

Opeattons ( e g Cranes b 

2 Calculate Exlstlng )riotor Cqumpbon 
r \loror L\V x .Annual Opnnng Khvr 

2 Deierrmne Aterage Kc\\ Sped  'b 

2 Sa\mgs?o = I -  (x)' m< 
2 Cse SaQ) Factor 0 8 - 0 95 dewding 

ascurac! of ?our calculat~ons . \FD cfisacnc) 95 - 98.. 
.Accunc> cf rnururernmu a crumrlwn 

r Speed rdushim clnmatben 

Mot- - VSO 

o P u m p t n g  Appl tcat tons  

4 A 1 r  Handling Cnt~s 

sCnder Loaded Compresson In 

*Fans br \ ' ent t lar~on Sys tems  

UDIm - v S 3  

. 
~ x a r n ~ l ; f -  '-- . . 
Heating Ventilation Fan 



-. . -. 
Example .. 
E\lstlnp Energ! Cost 
- El;rv?sal Cmrumptxan Elciurcri Turfi 
= 98035 L\\h ' 0 061 ID iUh 
=61-6 JD Ycu 
Sa\iny in Eies r~ i l l  Conrumpnon 
= Eihrnatcd S.\$ng .. Exsling EI~rU>iai  C.ns 
= . '1'. . ' 98035 k\\h 
- 11959 LUh 

Mot- - VSD 

-1 
Investment Details 

Equipmnc : 
\+D ISLA JD I ?W 
T~xlc Conuo: Lnl: JD 300 

tisrncal Pawl d Pre:eci$irn JD I W  
\ i x : q  & 4crcrwn:r ID ilxi 

IPS~IZ~,,?" in I W  

I - . cu i  X )  2% 

war. VSD 

- . 

Example ... 
1. \mu1 Fnm 9%- 
i:viltng Elc;siia! C r r ~ ~ r n ~ ~ " 1  

Elcc.sc!irl i . -d-LU?'Opzasnp i3r-?-& 

3. Annual \lonetan Saviws 
Sa\~ngs i n  Energy Cost \ 

\ 
= ~ \ : P ~ I  :Z E ! x ~ : u ~  C ~ ~ ~ T ~ D . ~  . r A- IS::: ' 

i 

= ! 1959 l\\h' rt 063 JD I.\\% , I , 
I 

= 7273 JD Yeu 
Investment = JD _'.'LOO 

P B  Prnod = 9 Slon~hs 

Vrrm-jS3 

ENERGY - 
MINAGEMEN7 
SERVICES 



. , . . . . . . . . .. 
$ - .,..... 

* ' :  
... 
s,. 

.'. .4 1 C EQLWXIE3T'S 1 :  
2) Split Units 

5 . -~ 
.% . ?d.?* :, r.5 :-+:::si *2:<r ,>3:;7 

f ,:e-::<, a:!? :....::~r;z~:.:- 
. . . ,!x.:::~-*: :.;:m .:.*!::$t :=.. 

2 >;*<. :z::?3; -: :: :>':.n !? : 
: ' . . : ..' 4;- ;-: -2s.r;m; 

.a I C EQUIPMEST'S 

' k;'rcc:;.~*f ;:, mrdr;sr;q r)r*n* Lj:anrd 
9 r j i r ! ; =  cn r h  u;orz: .ru~.'c;; zcnni-::i 
c. ;-A$:<;! i.:.'inq 
.7k> LP< m:,:.+<+*c:+ aftk r<<:;r.x<r:** QrVx 

u,'ar : m i d  w::ii a:! ;jn,vmn~~ :on!~ : rsd  :c 2' 

rr;.h-;r3c.'enc!oruic 

VERGY .\I.-1.\:4 GE.r 
SER I.7CES 

H\'XC i l ~. 
, . . 

Air Conditioning r 

f i 
i . . 

) * -  ... 

or through the rrall 

. . .  :. 2:>:::<2 .. :" .;...: :7 ;-=-.-.~:,-:.' 





ELECTRICITY COSTS 
FOR HVAC . L:r?gr ;.x .% 4 ~ 1 d : n r c .  ,rwo genera! s e a  

I .  .9eAcrr;g I& CSJI o/ w r m : n g  .uJ 

.?dAc:cg riw .meant y 'ka:~ d c - i : q  

DISTRIBLTIOS SYSTEMS 

:,:a+:*.+:, 1>:aw 3>,l*rn* 



' P O T E Y ~ L ~ L  3 0 . 1  i Raise Chilled Water fempenturc $. 34 ;n.zur wq.:rea,;br z, :;::::* - 

GESERiTISG COOLISG 
%ICE SAVLXGS FROM LYCREASLYG 
CHILLED WATER TEW'ERATLUE 

?. :e. : C .  3.. *I 4 9 .  .$ 'a "F 

GESERATING COOLING 
From ch;.'.'cr <&!ope 'Pen.z- s 95 'fzmh:ecr 

.A! * -Fli l : l .Q = i OUP j a i o m p  ~ n j i  . .;r 48.FkU.TR = 0% &'wimp Oc$f 

= .i%iZ.'tXb 

EDC'CISG COSTS OF 
ESERiTISG COOLISG 

EDVCISG COSTS OF 
ESERiTISG COOLISG 

<-; . ~. ;!. , - ,$ <'V?<~Z . F~: ,Z..$? '.!z >*zrz *.-A:*: 

UClSC COSTS OF 
ER4TISC COOLISG 

7 brifq h a  -V i!iJ .-co c b . i - t  

< rh<-~>,.y~.,,e= S&re2,4C% ;"L7t.x:q 



DUCISG COS 
GESERiTISG COOLIS 

Condenser Temperature 

GESER4TISG COOLISG 

:: qxv: . ' ;~~~ IC . ' o ~ ~ r : q  rhd Ch ;I ,-;r :.'isn 

ISG COSTS 0 
ESER4TISG COOLISG 

Heat Recovery Syxtcm 

aL.qs lCls r h m  r k  .~nbieqr,fi<rh i ~ r  l e m ~ .  

temp &11n- m d  rk re.'~r;w.$ kg* remp 
/rnl mr ,:n reas= ,he cm::ng law's].,&, )+e,h 

EDUCISG COSTS OF 
GESERATISC COOLISC 

EDCCISG COSTS OF 
GESER4TISG COOLISC 
POTESFML SO. 3 

Reducing ka le  or Fouling 

ClSG COSTS 0 
GESERATISG COOLISG 
POTESTIAL 3 0 . 4  

Reducing Aurilian Poncr Consnmption . T k  :a&: e,ww ccx: q'p-&r,et :,.:a .* .' 
nor ?:m:rLl'lc zhe LG,! i,,.v-;tcg :iy:tLir I-' 

C o d -  iw':r;g r;*r. 'sr.' :d~~.r -3, 

< L ~ & : ~  p m p ,  l".l ;+a -a,, c;.:.;L- 
p n p l  m r t  iro .k ; w . i l j  
!n (i-r :n :~wn>gi' i lL . 'Lq  p h u  ?ir .=~li-+ 
rqiupmenr o~$tc c s r ~ u ~ r  :.' Y w m- 



POTEYTUL SO. 7 

. . -.. .. -.. -,-p .~..2%:qrp-:.a .. *.. AZz!:; .! .h<%<;r ; 

EDL'CISG .WC LO.%DS 

kmz&c. i e . ~ : o ; - . : ~ ~  2.v b3 ;:<,I f2 % ., %.'d 
,2.?:< :* S~X:>",.:, mu:; rn.?.< <.?<-a .%r,Y?,:s* 

. - . x m  ,zc*2, :w.':ng !ern; ,: :< Y- ,-4 =.r. 5 ,  

;;a&, h l - r ~ r r l t i  

DUCISG NC LOADS 
TE?rTIAL SO. 1 
Cu Correct Amount Of Oubide Air 
:*nnhron r e p i r z m n r j  i ;mruil s r i c r n s  , %;!I 
&&cote r i r  mrn:m.m m m a  ? i m S - c p  mr 

!n crrran cues i r  rr more ecanom;:&'ro ale morr 
1h.m !k:r m:Gnsm 1-1 

, < m ~ r a u , e  r n ' h m , & y  1, !<,I t h  m&,n 
a r  r c m p r m r e  indirrm:.i;r). 8r ir :hcy.r ro Y I ~  

EDKCISG COSTS OF 
ESERATISG COOLISG 

POTE>TIAL SO. 6 
Cu Abrorptioa Chilling to Sbanc Peak 

REDKCISG .WC LOADS 
There are man? opponunitin for 
reducing the lord required for cooling. 

POTESTL4L SO. I 
Optimize Temp. and Relathe Homidie 

,aL:-~;.'kc :c :k ::.e . .<c,?,?:~-s:&.>.'!..: .',!,~ zx-.:<, :;* 
<$m/z~.! :a-*,..;. *~:~;.>.!<:+-:*3 :.u<: .I.- 

EDL'CISG .WC LOADS 

LUILIbU- 





EDPCISC .VC LOADS 

DCCISG .WC LOADS 

. 53ed. G E z : < $  <o.~,'2,'' : .,-.--- /II...., 3,-: 'I, **a 
>n~e.'d<!,::::2:,15..-G c6.: -'3 :Xh m J : + : w  

EDCCISC .WC LO.ADS 

EDPCISG .WC LOADS 

Eumplc Shaulng u t l q i  due r R-? - .-.- I-.:- a:- Y." 11,- 

11 :*id .-,.i .-Y:- -"A .- 

If T X  r*  r e  F_- -. ~ - , . IV 

EDUCiSG A/C LOADS 

Otbcr Potentiah - :ur-a ,p.F &cn .u, 

# * b a r n ,  h .,&., , 
n,hc;q biY k2. fa" : h * k  uJm, r l a i u . * . i u  

.?fi.w* bs*nrp nu- nii m&-3- !ad 

C d q  m h . 6 ~  O F - d  &nW a g * t p n d  

EDL'CISG .WC LOADS 

= 9 d,:6 .~'3 h- 

. , ..' .- - , ... ..ii hr - fi 4<&- ; .::5 

= ! C l i > 3 h r  





' Petroleum Products Tariff & 

Q lier Kc.1 lig 

Fuel consumption is aifrsrrsi dlrectl! h! 
iornhusrron ,ni?istem! 

C~,~..bmtion rrlicirncv d e ~ c i i s  dn 

E h u a  gas tmpcratlire 

01 ' o  in Cue gases 

CO: b in tlue gases 

C O  O o  m Flue gases 

1 FLLT G.4S .&Y.XYSIS 

Percent of CO and C 9  are u*fearon o f h e  
sornpletcness of cornbwt~on 
' Gad mxtng = perfect combustion 

\\hen flue gas analysts shou-r min COor 
@. and a maxrnum d u e  ior CCh 
For greatest eiticienc!. the 6x1-and-au 
minure should be adjusted unul OK 
maurnurn CO: lex-el IS o b W  

. j: 
' ESERGY \l.AS.AGE\IEST 3 

I SER\'ICES 

Combustion 

1- C.ALIBR4TlOX 

* C,~-buni?n :s L! shm:cal reaazf. <,f 
o\\ pen \\:?h a s u b s m r  :o p ~ d x e  k:: 

. CLU!~ are mosd! C e h m  .\\hie i;+ a-2 
garr.I.ILL5 isi:se;s are Ii! bcca--Sors . c.;1,-.a* ; O  - I-: -D"! Edjc5 
c~I-co-I):-so~-~w?-s~\-~~~~: -~ 

1 FLCE GAS .%S.ALYSIS 

The g r c d ~ ~ t  of an) somkia;m ~ c k -  LT 

heat d e h u s t  flue g a s  

Flus G= M ! n s  ts a d  lo lndiidir ~k 
au-lof=l n u o  aal ihe dcgm o l  
co~np:et~ness oimmbusuan 

~ e r ~ e n t  d o 2  6 coz a- dn~lu:~= of LL 
amount of excess cornhuaxm an 







1.5 ST.I\CK LOSSES 

* E\cess an 1s usua!!% 3riJr-d as sombust~on 
aa to rhr furnace 

* :lloLhsr source is through 11cal.s in the 
s2s:cg or L!o~gh out-oi-sen;;e bmers 

.6 REDUCISG EXCESS .AIR 

Onl? enough air should k cupplad to 
iomplelcf! combust lhe fue!.sinse more 
lhan h s  amount incie;rses h e  heat q e i t d  
lo h e  itilSk rr'suit:ne, m grea:er %el 

.7 CLE.XVLSESS 

* BIwhng passages In the conxrcuon xa lon  
~ 1 1 1  a T e t  the DRAFT b) reducing UK 
incoming sombt;,mon au caunng 
tncomplele combustion (low steam 
genaatlon and onok) cxhaun) 

* Fue-nde deposts and SOOT should be 

i.6 REDUCISG EXCESS .-\I 

C\cos air aii n r l r d u u i  a h n r  L% 
noi;:cmeInc n !hea:eliw! ieq~rcmcr.:~ :o 
rikct conpicre and cl3ic:ent ~ox!ms~;~r,  of 

* Thclc is an optimum ic\c! of e\zcisa;r 

.hh rum imprunt u, bkr  d f r q  a k 
clanl!nr a l k  hPr-mfs  rurtia . tiur mrufcr nafara  b& on firc r& Jc wur 
ude h l d  k c k  

.\a .m .xak md r m d  &pus m pm 
cmdearr ilnlulaarr) Tbc\ dm Imr mrs 
from lul g u n  la suun.u.ur. n .D.IMPER~ 

1-r fmm arlr 



1.7 CLE.4SLTSESS 

I- and Soot t R d  on tucl conru@#an 

c (rnrn) 0.5 1 2 3 
Loss (Y) (.1 1.2 4 63 

I ( m j  0.5 1 1 3  
Loss(%) 12 2 4  4.5 8.4 

BLRKER CYCLISG 
The burner should not rim more r 
rtmes p c  how 

for gas b m a s a  loss ei:-:"o rn; 
\\ha ihe 5umsi slans i 0 runes or 

For 011 bumm the losses due lo c )  
elen higher 

..... 

BCRXER CI-CLISG 
:,=.re\ I ~ r r  icca uuh?, L t  h.:k i F Y  a:. 
ica icad :n m !nl~m:l lcnl  ulr 

1 ,  \\?xr: b e  kmcr 5 k . W  Rr urfl>t< =;a 
i.wo?ac <.T t S~T!  nmc 

i[=:::wn Lk CJ; ..&. . ,r!1 kgt 

c ip%!mn ihc b 
i a;, ;a,,& h h  
imm m:JUd, 

T LOSSES DCE TO 
BURSER CYCLISG 

* TheR are trto \\a! r lo red&- a n p ?  ianrr 
due:or\cl~ng oithc tudn 

....... 1 - Replace 05 -OFF i . (HIGH- LOW - 
OFF I hurnas a1h d & W &  b m K 7 5  

?!_a._a*LL!ssE~ .... O I O I ? -  m D* %I* NEL 
WYX)'UIDsCu€ 



. . \....., ~. ~ 

I .  1 I E?L-\\tPLE CIZSE 

SleasurcJ eiiicmc! -9 3 O b  

\!casurrd sack rrmp 175 'F 

* \!caswed im-rn re-p ' 5  =F 
* \ f e a s w d O 2  "o  11'6 

hew1 Cons 1JLUX7 llr ; !T 

Ikesel Cost Ull0,~llu 

P. 10 CO\IBCSTIOS 
EFFICIESCY TABLES 





Xlr C d i l i o n r n e  Is l k  r:mullana~r conlrol of 
r.myranrc humdin. av rn~nsmca and rk 
quail? olatr  in I space 
.Urh?ogh man? o i l k  u l t n g ,  lo k d m \ d  fmm 
HV4C r: rlcrns r\lll k aih*\cd b\ rnul:fiianonr 
in 1 k  cusr:ng crnaoi r?rrm 
-\ barti nnfaiudtn$ of l k  H\~.4C i?rLsm i s  

cwnr:al in m\ clTon ro ieduic smp: used 

mas! expensne in operation allhough IIS 

Slcan and \rarrT are both usoi for domesiic 
hot \rater scd air Cea!mg distnhution 

j) Portable Unit tieaters 
Operate \\lth oil. gar ur elecmcit? 
Yoal!- used iof spot heabng areas. 

The former are easier lo m n t a u r  bu 
blo\\m are required u k  large heaun 
areas require a geater dinnbu1:on 

Heating S?s:cm T>per 

i ! ~ !  \ \ am heaung s \ s e n s  
D;naled br ,>:I. fa x u  r i ~ ~ n i : r :  

Operaung pressUe n m l : !  rL~,os;.hen; 

? ! hfrvcd healers 

Operate on gas. o ~ l  a eleculi:l\~ 

Transmit heat nure duec:l\ lo ihc 
occupanls or htllldmg sonlrn~s \\l&ml 

a p p ~ a b l ?  h u n g  IIK hedq am 
I n h o d  b ! a s  pamcularl) w f u )  m fugh 
ba! bu~Utngs, urm open n w ! d m  a .  



Energ? Saving Measures 
I , I3u:lcr Plmr 

Improve Operaling Efficient? 
3- Rcgulm main:mce 
L. Irnpro\ e Ihrmwl insulation o i  hxiiers. 
p ~ ~ s  and fitrtngs \-alves" 
i- lsolale inoparlve toilers 
d-  Replace old lneltic~e-I balers 

nerg?. Saving 5leasures 
- Isstall zLme controls for m a s  oic\trnded 

f- FI: tune conuols ra elirnrnare dur oihows 

- instal! sheliatme rad~alon 

tiuperrlure Conrrol 

Rage Ambicnr temp 5 O C  

nergy Saving Ileasures 
i Spa= heating s? jlerns 
Avoid Ovcrhealing 

Turn off heatme m m u d  r.urA 

- Instal! more ac.?un:e !hmma& m.5 
t h e n n ~ ~ u c  rdtat~x \a!\cr 

nergy Saving Xfeasures 

Thnnvl twhw n>11 r d ~ ~  rdl a d  mi 
l o n c r  @ 7060.. dr p?.M pmod tmund S 

C ~ w n  adl rill rcdvcc a d  loses b! i(c51s. 

Doubk gLrr utlf d u c t  ioaa trim aldorr b 
U)-11.rihc p y - b r k  p a d  J -I >- :i xindnrx 
m rcpmat  lboul -v. of* am& ulll .m 



Calculrle L e l  sarings n k n  insidc Icmp 
is  reduced to 30°C and lbc opcnciap. 
hours decreased lo 9 hrr'da? 77 

&7*?l .lwLt. hnar = i(:.:SSi. :.;.s 
= 1 k:<,;~ D firs 

= ).:s.,>;>:<-r 

.vcs~mm; isi;:i:d 

LD l hm,as>a t  

o p m n a b l e  i i m c  h-9 I> 

T a a l  hrcs;mcnl C m  I F.5 S> 



esel QTY = 10-2CE 'ilOlLU.0 835.08) 
= 15 71 l~ler!,r.pxw~n 

esel 20s  = 15 '3 ' O I I ID;lltn 
= I ' 5  IDD\r!perron 

olal sa\mp = I I -5 - I -5 
= 13 5 il);?ear!perwn 

;lo1 ns:n QTY = IR?S'-She-! -tS.Z'r"'.r 

= ] 5 : m: ,7 ,FLm 

Ita aala sa\:ng = !5Or 

= 5 i6 rn3.?r ~n 
fieat rcquad 10 h. 'h;s \\a:= qumun 
?om l5'C loJ5"C = m Cpi ?,-T;. 

= 5  '4']o.>:!'j.,45.:5 

bmn aerator 4 0 JDpca 

In\mmml IS JD 



Basic Principles 
. ...~ . ~ ~ ~ . . .  

~~ ~~ 

. Steam is stmpI\ rxater m x a p r  su:e . Heat is add to reach h e  boiling p i n t  
t%ible Heat) - \(ore heat is add& to sonxerI \\arm to \ a p r  
(latent h a t )  . T?K steam a Saturated . 1i more heat 1s add& lhe steam 13 called 
Superheated 

Steam Tables 
.... ~ ~ ~ . .  - -- .. . . 

a Rords rhc charr.tmir:x;r gin- under dtffncni 
indlll0nr . Trmpcrlrwc 

R a s l r c  . E n W p  of\\atn i u ~ a b l c  k f l  - Enthrlp ofs \apnoi .n  ilrlcni hut) . Enth.lp ofrea" loul  k t )  - Spcclrfc rolumc of 11- I 

5 Steam Tables 
. . .. . . . -, .~. 

- . 'f 
e - 

ESERGY If.Vi.4GESfEST 

~ ~ ~ ~ . .  . 
SERVICES 

..... .~ -. 
~~ -- 

S:ean S\ slem I 

r 

1 Basic Principles 
.... . . .. .. . 

. SUKT he latent heat is w l l \  regarded as 
the 'useful energ\' m Gx seam, Iugh 
pressure steam cmlauis less useful energ\ 
but at a hgh~ ternpaature 

. The stcam is d iron  he h>ilrr 1.7 <-e 
end usn \ \ h a  heat zmfu pbie 
Thc latent . k t  is p i r n  up ~ k .  neaz 
c ~ r n d c ~ e s  at he hc?l~r$ pxc: to !:qrn.! 

7he rcrulunganJcnsalc hill <inlaxis L ?  

e n q x  aided to hnng \baler to h,.jr$ p.,-?t 

??us sondenwe m.s1 he r e d  I 
I 2 

Steam Tables 
-" 

. 4 srkprcmirrm~hcacambi ians+s .k  
b ~ l l n g  pomt ofnata (d ha*.- Itr - 
icmpaahm) also nscs.uwxasq tbc 

) usefuims of seam as a h u n g  n e d i m  

Thc mount of heat rcqrwod lo NOC *a%= 
to ihr toilmg porn (anaMc hu: d ro 
comm it to scam (latart hear c b q a  



Steam System hlain 
Com~onents 

Steam s)s:em C ~ S I S I S  ai 
. Srcam Gmerator (Boiler, 
m Steam netiwrli ( p ~ p s .  ~ o i \ s s .  slcani traps, . Condensate return i I&-As . pumps 1 - Srcsm conswung equrpnmr's csream users , 

Steam System 

... .~ ...,... 

- Thco%enll 3 - n n n  emctctm rcirrcr rk u u b l  
a d  obutnsd b\ the u u  to !hc hsi b u d  in r k  
talk, - Olulfl cfticicno is rhs mutlspiri.oon of the 
abo\c t n l ~ \ ~ d u l  mmn compwnr cllic~crrier 
Smlfl unpro\mcnr !a l k  C ~ ~ ~ L I K %  01 Q L ~  

clsmmt a n  r a l l  in signtficanc inpm\snml ~n 
t k o ~ m l l  n r e m  eflicarni- 

Steam Tables 
v7 

1 )  Steam Boiler 

1 b- Blow Down .. . .. . . . .- 



I I 1) Steam Boiler ( 1)  Steam Boiler k-1 
b- Blow Down 

1 AIM subtant~ai sallngs in the cost o~ water 

I 
I \rater treatment and chem!cals u d  

i Perienlafe B.D = SI:,SZ-SI t * 1 W b  

SI TUS !eve1 of feed \ \ am - PPM 

1 S: h i r e d  TDS level m boiler - PPN 

1 I . Per 2 O b  reduction of B D rate. 0 3 O b  i OI' - Thus rnanb~7.n.g k c  , y .~~am :c\e! ,%! : x . ~  1 I 
Jrsu,!%d u>l;ds, 1115 m mc !ra:c ~3.2 
the h,iler 

- 11 1s lhercbre mxessan to zmuoi Lic imri 
of ;oncentra:;ox ;;oi~k *?l:dr and ~ k s  :s 
done h) h e  p x e u  oi..  ~INL.~ 5c\c .' 
C m n n  volume of\\xtn I S  dra\rr. 179.- an.? 
:s auto;;w~;sil!!\ r e p l x d  ?\ feed iq.'!e 

c- Reduce Boiler Pressure 
--. ......... .... ....... 

it $5 a c m o n  ;rXhce m most 1ndu5tner la ur 
h ~ p k  r i m  pcrwnc ih&n required H m e  fuel 
imw;mphon I, h g h  l h  m a i  r l k r  

U k z  & irda r d t n ~  pcsrurc ir  r r d u i d  ta 
match ihc desired limns 
Hm t n p t  ud orha IMS u~ll Ix redused 

Thc final &I consumpiton 15 mzn~rnired undcr ihe 
umc cpcrlliq ccndloonr 

1) Steam Boiler 
c- Reduce Boiler Pressure 

~~~~ .............. 

Nhrn IJX ppnwrt :n I k  u- h-1- :x~esz 

Thc bmlinp p t l  ol\uIn ;x* -rc lur  

Thc mrunl 01 h a 1  :qu>rod I- nlu u a e  rc Ibc  
blse *%Ill :!a*%!.:~ k*I. :%-<a=, 
Thc vvful -g\ ;n ihi iw-1 hir;! b: :! 
d-xrrrud - lirgh prclrurc sitl.7: imu:n ks ;uhl oc~\ a! 

hlghcr tanprnmr:  

I )  Steam Boiler 
c- Reduce Boiler Pressure 

-, . ~.'.-- ... ...... -- 

. L r r m ~ k  Case . Boiler brorlmg persure PI 9 bar 

Total steam enlhalp) Q. 2 - 3  KJs'Ig 

Cm\emm factor i 4 186KJ&cd 

B o ~ l a  otitplr m ?jOi)k@kf . i t a x  pressure requued P: 7 by 

1) Steam Boiler 
c- Reduce Boiler Pressure 

... .. . . 

11 1s eas\ to r d m  h qua-  ~ s m ?  CI 
a s\sem m orda lo adrs l  11 lo reel ?hc 
spcc1fic d s  . The nghl seam pressure i c r  a puiisdar rari 
IS ihc lo \ \w acccplablc 



1 )  Steam Boiler 
e ,- 

c- Reduce Boiler Pressure 
~ 

..>. . ... . ..~....-- .. C . Energ\ Sax~ng = Heal requlred at 9 tw - 
Ileal requued at 8 bar 
Heat requlrl a1 9 bar = (Q ' mi i 

= 2'-R Z j l W  

-I IS6 

= 1659101 Lcslhr 

1 l!eat rcqxed at 8 bar = (Q: ' mi i I 

1 )  Steam Boiler 
c- Reduce Boiler Pressure 

--.+ . . . . . ~.~ ....... ~ . .  ~ 

. . ~ ~  .....- . . . . ~ ~  

r 2) Steam Network '.~ismbutio*l 
a- Pipe Sizing 
~. .~. I=--- . , .- .. 

Dsmbuilon losses can be mxumued b! 
d l m g  propals sued pipes - P~pc sumg should be done acconimg ro 
\olumcInc flow rate . Olu nzed means hgh capital cost and 
hghm radlailon losses . Under sued means large pcssure drop 

1) Steam Bo~ler r q  
- Pressure drop in seam pprs rL&2 tr '.LC 
into c-idaaliun kfmc sqgeS;r+ 
operating pr-e assrurJng Lki FCSL-C 

d:op ;S one hu. hen. :I :S ~ o ~ d  :; 
reduce the h~ln pcss'xe b! Chc - Roller r d d  p ~ s l l i c  3: 5 ?w 
T..ta! z;ej- c~;~a:;\ S bx ~ Q: :--2 K.. ig 

1 )  Steam Boiler 
c- Reduce Boiler Pressure 

2) Steam Sehvorli "Dismbutio 

"- 

The e f f ~ r ; ~ . ~  scam garaanm IS n~ 5e 
Rd . Steam rnua be a\mkble at Ihc iog& i;r* 

\ m IIK nght quanhn prcra;rc ad d . 3 -  



1 I 2) Steam Setwork . . ~ i s t n b u t i o e l  
c- Insulation 

....... .- - ....... ........ ........ I 
1 - Sleam md condcnuke pp-s. \alves and 

!lmges should be :nsulaked lo r d u s c  i\,ssr.s - insu!ai~on can unen be apphed casil! ah! I 
- 3 e  ctXcr ulrnsulalion in mlucmg heat 1 , ... ma! he er:ima:rd using ~ m o u s  

i j cqwkions ior heat uansier 

2) Steam Setwork "Dishbutio 
c- Insulation 

. .  ...... -..-...... ..........- .......... ......... 

P,. *I..% L ..... \ * l . s  ...*.. ,",...,a,*. 
l i .  

s..izr. l~-w"t". c 
5. I.. t5. 

I ; '  31 ! 6 1 a *  17 1 I8 
1 ' 5 i 7 1 4 u 1 3 .  Y 

1,:  be [ 9 ! ? a t  i n I ‘6. u 
-5 i I I *  1. 1 * Y 

I I I 3 : I b n 
I$* ; I> : **. : s8 8% * 

- I I j 6 : ' 11.1 1m 

- 
2) Steam Setwork "Disbibutio 

c- Insulation - ...... ."*~. ~ , -- .......... ..... ~- 

Hear Loss = 100~~100-?0).0 S6'-2W 

= 10-4800 KcaLt!r 

1 Fuel Lojs = 107-40800 / (1011X. 835. -93 

= I5952 L I ~ T  ~~ 

Sa~inps = l 595Z80 I I0  

1 2) Steam Sehvork . . ~ i s m b u t i o e l  1.. b- General Lay-out 
- 

Rojxr pro\?$;ons must be N j c  ~ C X  

draining o i  :hc condensale 
\\'ell msula!d i W  mm  IF ilc;l;r.,;:pea: - 
h. :O m leng~h.. ia.. ~odmsc is.: hf ~ 1 :  

5:nm p7 h , ~  . :11~h<wgll i! :r.presmt less I)-% l a *  0iLk 
C F 7 n g  Up3<::!. b!! :! !S 1 ' 1  :;:Rs O?'A~:C 

L+2I *,,w:a k rcz,3% d 

i 

) Steam Senvnrk "Distribution 
c- Insulation - ............. - . 

/ . Each h e  : ? m g  ir c<ur\Ac.! :s i : rr. c l  
I p:w 

, . h h  h e  iai \c  as e~d i \ a im:  10 1 5~ JIZT 
h e  p > F  . A!] h',: 113: W : ~ ~ ' F S  r,i steam so:r;zc3 
equipment i \::ndm. m d  !! \t F T 
he insulaled 

I 2) Steam Setwork ..Dismbutior&+= 

E m *  
Rpc durn- I! : 
RF= kng* 1cm m 
S m f w  m p  100 C 
Opcninng hm --W b \r ( M p r p c t m s  warn 
~ ~ I a b o .  k 3 U m  

Fuel u& hnd 



5)  Steam Utilization 
*-,: ~~ ~. .~ 
~ .. . . .. . 

1 Alter h i l n p  efilclmt steam generation and I 

I u!lluauon s s t e m  b\ 
I!a!nrammg the requlred trnp and prh- 

1 Pendtc de-scal~ng of H E surfaces 

! . R,,prr and eID-~clent a n m  rrapplnp 
Rr\enttng steam leaks 

3) Steam Utilization 
a- Reducing Steam Leaks 

. . . . . ... . .-- 
~ ~~~~ ........ 

1 . . . . .. ... ~.. .. 
5P.m R"."", IE> .. ~~~ ~~ -,- .-~uo . ... 

? - 106 . i 170 . .  . . . . . . . ~ .  --:: 
w n u  a,, o . 3  . > r  1% 
7'0 t Y  L O .  3 Y  L O  ' 0 0  
2.0 1s 6 U  7 1  I W  11Y) 
I a n .  v a n  roo 
am ,u * 1 s 0  if?. naa x 7 u  

c- insulation 

!nwlattec r:a:aui 150 -11) 
lhr Coa I0 11) 

Tout In\crmanl M ID 
Pa\-tuck - , ! n \ c . m ~ ~ r  C.\lngr 

- >:%~! - !4 -  
I 

; 0 l i  \ru I 
! 

Suppllcrx 

R~wk-M'n>l I d u r ~ i a !  C<I 

3) Steam L'tilizahon 
a- Reducing Steam Leaks 

~~ 

..... ~ ~~ - 
- Steam leaks a ! k s  2:rci:l) L! txl 

ionsump!lon icn. thc \rain ;,%< &d L k  
\\aler ucalmnl zoas - .4n! steam ieai) ?om! &%wid k filed 
tmmed~alel) 
Thc iollo\\rr.g bbic dlous  rcugb 6;ma:a 
oi lhe steam ieak lesser. lhus allo\\:y t?c 
lorvs lo k q.mti:ied In m7x? !ems 

r 1 4) Condensate 1 3)  Steam Unlrzatlon I 
. . . - L!- Reducing Stem Leaks 

. ... 

1 mm hole dlanma pas* scam at - har 
from seam pipe or an\ fitbng n 6om arm 
nap \<111 c a w  

L o u  of 2 Lg of seam pa hour 
I If  lhe sxsiern quales 7200 h r r k ~  
I 

T ~ C  nwe\ k I 20 rnyr 

P 
- Cadolvv is hot drrnlkd uatn - Rclum~ng tr 10 thc btkr feed unk utll w e  

m w d m b k  umunt  o f k l  - I1 ulU  Ju, urr uaM thc ccol of uals ueamml 
md hut uuted in w u r r c  bloudoun - S h m  mpr sre used to drum thc uatcr From thc 

L pvng n c ~ ~  "hi IAS thc sacun un~u.bon 



4) Condensate 
Steam Traps 

-.-*, ....... . ., ..~- ........ ............ 

m There are h e e  basts wpss of swam liaps 

I -  Thermostatic ( Temp Dtifercnce 

2-Tlrermd!namtc ,,Change uithe slate') 
?- X l m h i n l  Dens~l! D.tllccncc , 

4) Condensate 
Steam Traps 

Steam varr s e  ihe kc\ :o c p : i s i l  a w z  
md condmsaie s\ siem op7a:t~x . Ifa:n fiunit~ons 
I - Rcmw in@ c o d m a l e  
2- Remo! !ng an and o k  ~JSPS 

1- p;c\m!lnp s~czrr. Ins 

4) Condensate 
a- Condensate Reco~ery 

-.. .~~..- ..... 

C V Calwiftc Value = IOZW LialRg 

d bcsei Dens:!! = 0835 a@t 

E Bo~ter Eficiency = -9 3 % 

4) Condensate 
-. . ,. ... . .  - 

m C o l b ~ m g  i d m u *  m a w  ulrxp I ~ X  &=tp-pc 
from m: -Y m ~ .  >%am SIP% 2nU. PFlxp "5- 

a b c h  cam I! to k hr lc r  i d - u a r  xz 
I1 Is imp-rat ti. n* IBl :hc rxpq Jxs x t  

,n,ofne a:!L :k pnpcr op?mr>.m ddr  iVI?; 

k L~rl Y \ ~ F I  rrplltmg imn :ni-rriirf 
E ~ C B Y I C  iiailm rm k nhirdzd %bnr 

1) Condensate 
a- Condensate Reco~ery 

ticat I- = .U ' H ' S ' !T: - T: i 

=jo. 1 . ?95 .  ' 5  ' -2i.1, 

= i26.01*1.C~:G Lcd! i \r 4 I26000ia0.0  1 1  
Fuel Coa (sawmg) = 

IOZIB*O835*07?3 
FuclCon = 



- \\'arer S ~ \ m g  = N t l  ' Cnil Corl 
= 0 150 - '2,11? I 

= iSkk:iD, ,r 

1) Condensate 
a- Condensate Recovery .-.. .......... . .  ~ ~~ ~ .... ............ 

- Total Saxings = Furl Sa\mgs - \\'ater 
Sa\~ngs -Hat= T~calnirnt Corl Sa\lng I I = I1 ' H ' X a l a  Trealmmi Uc:: C . 3  I 

= :~IS:-:(~-~X*> = O : ~ C * - Z ~ I . - O : . ? )  ,'; 

4)  Condensate 
a- Condensate Recoven. 

. .......... -.. - 

4) Condensate 
a- Condensate Recover)- -- ....... , ........... ............. 

Suppl~m 
S.X\\I( splra\ Szco r 

FDT ( TLV i 

!s\rmm: r q w d  
Slum o p r  ! "mu id* D 
?)per .R1 Bn;vr  B!C ID 
i s h v  cw :so !D 
Tout In\crmmt l'iu TD 
Ssmpk P ~ , - b r k  ; ln\rm;cnt Sr\ari., 

= 1-ia ::I: 

Steam cost 
........ --- .......... 

Wirh Condensale movm 

Rqurred Heat =(:I347 7 ' l W ) / ( 3  1%) 
= 489178 Kial 

Fuel Quantlh~ = 3891-8 (l0?00* 835. -.)3) 

= 72 4 Lllcr 
= 7 ? 4 * 0 1 1  
=7964m 

Steam Cost r_-_!q 
. \4hal1sLhcUlSt0fIlmo~~ekaa:-~ 

\nlhool and \hi& idcnurc  morm ' 
Lacnl Heal = 1W' - U Xg 1 S ~ w i r H u ! = ~ 2 l l U X g  
T d  Hm = 2-59 1 UXp 
S H = 26 "6 
L H - ?., O b  - 



O\erali System Efficiency 
. - --. -3= 

Steam Cost - . - -.- - 

Wilhuul Codensa le  R c ; ~ \ c r )  . Fucl Cost = i '3 '-4 .Ill . in saceo lHFO - The cost alil 'k .1 5 i l l  \\:L\ :rs<,\rr\ r7.? 
6 2 .W \nL\cru! iecotrq I 

Overall System Efficiency 
~ ~ . ~~ 

Ix Itillratn>n Ffii ics-? 
11 E\ih+za iocr.5 3'. 
Ln). '. 
Sa i o l l r r t r , ~  LIT 9:'. 

4 .  c,ndcnut< i.eiur 

A- 59 .r rr;~o\cn I 
Cmd-r ElTirmc? 6-. 
<hatti i?ricm cff 0 '1- i 54.0 9:': 6' 

; 5- 5 C '  

Fuel Saxmgs = ( I - (old ElTi neu ctnl.1 I330 

= ( 1  -~Oj+j :0716 i ' lW6 
= 1 9 - *,& 

31 i ' n lmlm Ef f~ t cno .  
11 Ex- b m  ?. 3'. 
L d  I.. r 

Scl I h l u I u n  EfI 9-. 95'. 



Energy Conservation Measures 
. .  ...... . .- 

Cw Fuel Add111ves and fuel condi1~oncrs . lnsulale all steam and condensale plpes. 
ilanges and valver and all t1a1 hot swiaces 
Control the pressure and temp according to 
'be process requuemrnts - Clean the hear elchange surfaces - Reco\.er and reuse all comfenule uhtre 
pssihie 

Energ). Consenatlon Sleasures C - - Baln Ca!,brarron 

hiln clcarung . Impro\c Botlo Ski1 insuiaum. 
Conlrol and R d w e  K~la 8 D .Acccr2:zf 
lo Llanuimwa Re~airm.rn511zr~ . Itcat R e i o ~ ~  irim B D. C ~ A I T ~ \  a-2 L-.Y 
a a r e  heal souric 

Redace %,:in he r sue  \ \ b e  px5:b:e 

I 

Rule of Thumb s? 
.......... ........ 1 -& ............... - 

- Pa 10 :C o r f m p n ~ r i n g  aired uarer 

1 5.0 Fusl - Pa I0 :C af 1.mp NSlng of ;omh arr 
6 5.. Fuel u\ing 

P% 3 C 4rop m flue ear irmp 
I 25's Fu;l u w n p  - Pa ?.of Sloxr doun rat< r;llucr$on 

0 3: .. Fud u\lng (F \\ T '0 C! 

I 

Conservat~on Sleasures 

- 
, .- ---- " . -  . - I:= rn~.. - 

Le- 



4) Condensate 
b- Flash Steam -.-... . ...... 

3 1 s  stcam in turn condenses in me 
a:masphr~e to form clouds oi steam 
rrhcrcver hot condensate is dtshuped  

I . 3 s  d e s i p n  should r3Le account o i  h i s  
p:ohlcrn x.J ensure lha: flash stcam is 

1 ~~~1lec:ed fc>r re-use 
Flash sican 15 as useiul a i  sicam :ium :he 
h l e r  

-1) Condensate 

.. - . 
I Thc pe\nur =-:wn i n - n & ~ d  !k i&iit-r. ;f 

cmdcnvlc md lu rcmm i.li hc hr,k f& 
Iiowmn. 11 Ad mrl u l c  :s:; =;.urn 5: 

unp?runl p<.hfm sf Crib i ' am - l k  pi'hlm cur h"hii :h-r:!ro\c'\ Let 
trm,w."c cf codmu:; 

S l a m  ri ' . \\;it i;.Rj.~.% ?.~ xltn I! :': I C . Tk c\;ru 3 - n ; ~  p.-\i-l" '& hsni \\is? tr- .. c \ ~ N ~ I w  we: ,I lk ?F~...uL' C j . 7 ~  :-as: 

I 4) Condensate 
b- Flash Steam 

....... .......... - ............ 

- fi rmdcnuk u steam irtp under a pcrrurc of ' 
Su gauge util hats an cnrhaip? ofururald aalsr  
of '214LJl;g 

4) Condensate 

. Cr:ng a; \ti!! i c J m  r:cAc  e ; r d  - f r  r\r!i pc\enr  L !  loss it$ vu:c.l n2:c &e 
el:m!m:e ~ ! e  r l , v ~ s  nf \rh::e .r-C::t 
are citrx s\nox\mc,u \\:L? Se3;;: \v3sc 

I 
I 

i 

I:.) Con-?sate 
b- Flash Steam 

" -- - 
The amowit of cash neam formed st 
armospher.~ pnswe o c h  hour is 
lOOO'013-I = l ? J K g  . It mua k reailzed that :i the steam uap does 

noc dlschargc conriensatc as  s a m  as 11 forms. 
some of the wnnble heat ur the condensate 
w l l  be p e n  up before :: p a w s  to h e  lo\\er 
pmsure and w the amount of t luh  steam 
\\dl be reduced 

4) Condensate 
b- Flash Steam 
, 

. I m m a m p k n c  pmsM a- t., .n csw c-I 
orp.DL,n of 221- 0 U Kg . Ulb 30: 36 U Kg muh& k. mcrmutr d !&?I 
wPm fsmrd .I .-x Frvx t.rr r*-b ~~ of Mjalsaic u 

I 
= i30: 36 U Kg - 12!7;3LgI * E  Kg 
= O  134Kg 

I f  dx p b l  e usng IWj Kgh 01 uan Cx i nndtracl haEne I,ea! cum! 



i .  GLOB.AL SLCCCSS STOKES 7 

Total Sar ing Percentage 36% 
Total Jlonctar? Sartng, LSD 293.000 

ln*-t P*:brrL lllphll: rnom than oru ?nl 

w 
REGIOZ.\L SCCCESS STORIES E 

h-aIALtminum Faciorv - Lebanon: 

Total Saving Percentage 25.5% 
Total Jlonetary Savings CSD 135000 

lnrestment Pa! back Loss than one ?I 

REGlOSAL SCCCESS STORIES 

1 

SCTCESS STORIES 
............. 

. ... ..... _ .- ..~. . -. . 
.- 
i e 

GLC>B;\L StICCFSS STORES I. 

Total Monetan Sar lngr L S D  108.000 

In*crrmrnt Pa>bacL 5 >cars 

REGIOXAL SCCCESS STORES 

endm Hdd A h  D h d i  - CAE: 

Total Saving Percentage 10% 

Total Yonc tac  Savings CSD 737.000 I 



JORDXXIAS SUCCESS STORIES 

Pcrrcncage achkrrd 12.. 

nl Pa>bacl. Icu thrn one >car 

IORD.M.LY SUCCESS STORIES 

I Monetary Savings JD 26.000 



Coffee Break 

11:OO- 11:15 



S1'CCES.S STORIES 
~~~ . .~~ ~ 

. . 
. ~ f -- 

. ~. - 



!ORD..LX!AS SL'CC 

ng Prrtcotagc Ath in  rd 

ual Hoaclan Savings 

'ESS S?OR:ES 

JD 1J.W ' 

1.7 Y r a n  

JORD.%Kl.tV SUCCESS STOR!ES 

Saving Pcrccalage by/. 
Total Honetar?. S v i n g s  .ID 94000 
larntmcnt Pa?back k s  I has o a  





\l'hv-Are \Ye Here .. ... . E n e w  Consen ation 
and 

/ Management Program aoriishop 

H o h c h  are you paying 
for <n%w ? 

60% of executives aroun 
( world take ener 

granted.. . .. ... Do you? 

- , How much are you v 
I paying for energy 

I 
I 
i 

\M Ana&hl,  
Co* b m k  
E * c m a l m d o n  

Llllrh b m k  
rm ELrrrld  w o n  
Enrsrh- 
\a hurl 
Dlvlarh .ml tat 



----... 
Energy Conservation Program I EMS . 
Bus~ness ubject~rcs 

Energ? conrenr t ion  bar  

E n e m  consenallon and 

Rapld enrrg? audl l  

S r cce r~  stones 

. Thc oil r m b r r p  of 1 9 7  - 
m r g v  c a u r r r a t a n  pro 

la &r arppk opt- (The c a r  of 
; np-5 25.i o f  lhc c a t  of genera 

shout hs?. of the -odd primp 
consumptan is dclirrrrd to raaumtn 

---_. 

~usiness Objectives 

Tbc 'objcctircs" hebind a 
Profits i n c r r r u .  
Marks h a w  espandiaf,. . And c o m p c t i t i ~ t n c s ~  eabaoccmtot 

For  nhich. one of the mahods t o  inc r r  
profits and rrducc cost i% r o c  
management and energy c o ~ u n a t i o n  

 THE COSCEPT 
OF ESERGY <~X\.~GEMRT ,, 

. Dprrartng ;oa rcdwtlon 

Fqunprncnl optmuafian . Reduced munKNne  bmc 

Capul mn d u c m  dunng dmgn rtrgc 

\>uIab~lth of m a c  pone m 
pDdvst~oo k\eb . W u m c n t  of lk cn\lmnmenUl lmgc o l lk  
fr~l !ba  



gases emrrions b? 273 

Sawmg 113) L \ \ h  \\ill  reduce the g a s  
ensnons h ,  100 kg C02 eqn~v~lm: 

- 

-1 
---\ Energy Conserntion % Program 

EMS 
-Energ? Audlt 

r E m g \  Sanng Stud! (Repon) 
-1rnpIernenta~1on 
-Project 34anagernenl% FL' 

I 

I.aA oih-\ \-h, l \ \  h I 

e\larng siliw:tm 6; p;o 
cxon~-iniiill mcasacs 
A\atlab~lil) oi man pmn 

C h h n  business ielalht pnox:?cr 
Guaranieemg m e  sa\mngs 

F;lrAs xaii:bii:i\ 

- 
EGrgy Conservation 

& Environment 



---- 
--% 

1n2oductlon 

L I 
. . - 
'- . 

E n e r a  S; ing Measures I The Goal 

EMS 

8 Energy .Aud~t means 

Lndenahng a comprehens~\e 
consen atlon €1 aluat~on" o 

I 

-1 
.Actl'ott Plan , 

cstabl~shment up \\lth energ under sa\lng stud!. opponunlt then c I Rapid\ 
and measures 

1 

a ' 

rf I 

M c t w m n o l U  md Dam Col 
Yon!ronnp 
hal?sas d CakuLltm.~ 
In\aenmt and Pnclnp 
M c a r u n  E\aluallm 
Audlt Rcpat  
Rocnulm 

are those proposed 8 IVIII be to de\ elop a \an 
procedures to reduce c enera consen anon pro 
consumpt~on and cost based on 
obsened opponunttres and actual the annual energ) consumprto 
measurements 1 posstbler ~ncrease the e f i i c ~ e m  o 

establ~shment \\,lhout loss of ;om 
to the oicupants operation 

1 



. C p n  -,.I. ?uv coun1u-prt ma\- h e  
the plan for lk d1? ad routing . Twr s u m  from the MICCI dcpurmena . h n g  I h :  twr nole dorm pruccrr dsU 
rcmarkr. &mulorn ud quesoonr 
Flii m the Enm qwtionruin 
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