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Lighting Survey

# o Seeing Tasks & Their Location.

Ll -

o Type & Quantity of Existing Svstem
o Present Lighting Levels.

o Lighung Control / Space.

o Reflectance of Walls, Ceiling & Fioor

MENRRNS N

o Space Geometry ( Area Dimensions ).

En Operating Schedules

Ml

% Lighting 4

‘valuation .. @

o Evaluation of Individual Spaces
o Study Possible Improvements

ENNARRURANERERY ]

& Different Options

& Most Economical & Practical

AR BARN AR

Lighteng &

o

Choices to be Made in Making E
anges in 2 Lighting System :
8 o Modification of Existing System
& Simplest Way

& Examples :

& Replacing Lamps
& Change Switching Circuits
o Replacement with Another System
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Lightng @
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Energy Management in
Lighting

- Background -

s g

[

v Lighting Consumes about 4 %o of The
World Energy Consumption

oDifferent Types With Different
Performance & Energy C S's Exist

Introduction

o Lighung Consumpuon 1s Major in
Commercial Sector. Less i Industnal
Secior

PREEENTARUSAUT AN AN NTESERREVN

Lgrtng 2

Tlding or Entity Analvsis

Iz

o Recommended Procedure
& Conduct a Sunvey OR
& Review Project Plans

= Less Sausfactony
& Random Check
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Inmal Cost VS.
Annual Operating Cost

o Initial Costs Include -
& Lamps or Fixtures
& Wuing
& Installaton
o Annual Costs Include
& Farlure Lamp Replacement
& Marntenance
& Electnanty ( Energy

AR AR AN AR R R AERTER RV

(M

Lighting 10 |

"k&lacemem of Existing System E‘

o Requires Higher Investment

o Should Be Economucally Justfied
& Example
& 1000W Mercun Lamp - H4706 L
& 400W H P Sodwum - 15060¢ L

& Savings = 605 W Per Finture

& Same Light Level

igreeg T

7 asl\ Lighting Objective

To Provide;
& Task Related Hlumination

FRUVNNARNWR T

& Avoud Unnecessanly High
Levels of Uniform Lighung

WHABNARO ANk

&

Cont Example @
& Annual Savings =D 225
= 1D 267
= 14 Months

Investment
& P B Period

o Rccommemied Huminance Levels
a [ES Lighting Handbook  USA )
& CIBSE Code ( UKD

o Consider Both
& Quantity of Light
& Quality of Light
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Lighting 12
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Throughout the Space :'_r & Result Proposal 15 Jusufied
E
>
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Lghting 11 E: worers 8
: Lighting Levels @I oritles

o Considering
& Initial Cost
& Chent Needs & Requirements

& Applicability '
& Feasibility :
& Timing
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Reflectance ..

e 0 As a Guide IES Recommends;

&

& For Office-Type Spaces :

= Celling 180 -90%
& Walls S0 -60%
& Floors 20-40°%,

Lighting 16

)

e L

o Space Dimensions. W T AT
& H
& Length

& Widih
& Heght

Affect the Dismnbution of Light in The |
Area

Laghting 17 |

ypace Geometry ..

Z
© Open Areas are More Efficient

o Introduction of Partitons Reduce
Hlumtnation.

o Large Rooms Utilize Lighting Energy
Better Than Do Small Rooms.
o High Ceiling are Less Efficient.

Lighbng 18

=

System Modifications

Examples

o Lower Lummnaires Closer To Work
Surface
& Use Lower Wartage Lamps

o Relocatien of Luminaires

& Remove Unnecessarv Luminaires

I I TIIITNEd

e

Lgrten 13

a

fon Illuminance Modifications

o Docs Not Imohve Lamps, Luminarres,
or Other Syvstem Componcals

o Examples

& Group Similar Tasks in One Arca

& Group Workers Having Stoular
QOperating Schedule in One Area

NuREERNTNAVNT

agrary 14

o Reflectance of Walls. Ceilings.

and Floor Affect The

[Numination Levels

o Light Colors Have Higher
Reflectance.

o Avod Excessively Bnght

Surfaces.

Lghtng 15
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”_':orescent Lamps

o Light is Produced By Fluorescent
Powders Activated By the
Ultraviolet Encrgy of the
Discharge.

)

; o Contains Mercurv Vapor at L P \!,,

1 o Requires a Ballast & Staner z
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* Lightng 22 l

o Produces Light When Elecinical
Curreni Passes Through a Small
Amount of Mercury Vapor

o Consists of Two Glass
Envelopes.

o Requires a Ballast to Operate.
oRating : 30 - 1000 Wan
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- Mercury Vapor Lamps @

-
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Lighung 23

';inilies Of Lamps @

o Any Lighting Unit Usually Consist
of Part or All of The Foliowing

& Lamp .

& Special Equipment - Control Gear
: & Ballast Iprnor, Capacitoe .
. !
< & Luminaire
I & Sochets, Bodv Reflecwy. Coney ‘
o |
» |
bl Lighamg 19

o Incandescent & Tungsten Halogen
o Fluorescent
o Hhgh Intensity Discharge Lamps
& Mercury Vapor Lamps
& Metal Hahide Lamps
& High Pressure Sodrum Lamps
& Low Pressure Sodium Lamps

»

greeg 20

E amilies of Lamps El
.

D - Metal Halide Lamps

o Very Similar in Construction to

Mercury Lamps.

o Major Difference :

& Contains Vanous Metal
Halide Addiuves in Addition
to Mercury Vapor

« Rating : 70 - 3500W

andescent & Tungsten Halogen E

uProduccs Light By Electnical
Heating of a Wire ( Filament )
ull Radianon

o Filled with Inert Gas { N, AR )

Pt
. ¥

o The Cap . L.

| & E Eduson{ Screw %
&B Bavonet =

-

a Halogen - Filled with Halogen
aRating 15 -2000 Want.

Lghong 21
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Energy Saving Opportunities @
in Lighting

What To Look For ?

LET T 18 Ty T

Lighting 29

- High Pressure Sodium

Z

aLight 1s Produced When Electnizal
Current Passes Through a Sodum —.
Vapor HPS
w Has Two Em clopes e
& Inner - In Which Light T
Producing Arc s Struck f_ﬁ
& Outer - Protectine, Clear or -
Coated '

o Light Color 1s Golden Yellow

AINaERNWRANNT)

SRR R ANV N RN TW

HID - Low Pressure Sodium

oMost Efficient of ALL .
o Has a Monochromatie Light LPS
Quiput { Yellow ) T
a Used Where Color 15 Not :"'"

Imporant th

o Sodium Vapor in Evacuated
Envelope Produce The Light

nRatmg 18 -180 Wan

m» to Define Lamp Type ? E‘i

o By Shape

o By Light Coler
o By Starung Time
0 By Model No

Lm)?
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ENERGY
MANAGEMENT
SERVICES

Energy Ma

Motor Performance E
Typical Motor Setup -
~

Dri\"en_ Load Losses

Torque g})\e\éd C/S’s. @

.
“

s Nk 55
Terque - o
—_— "/’ .

Speed
Motors

ENERGY -

MANAGEMENT

SERVICES N

Tvpes of Motors El

» Squirrel Cage Induction Motors
+ 90% of Existng Motors ™

» Synchronous Motors

» Shp-Ring Motors

> DC Motors

Wators

—

Motor Performance ..

Output Power = Torque x Speed 9830

+ Power - inkW .
- Torque N M )
» Speed . n RPM

Torque / Speed C S's.
- Svstem C'S Cunve
« Motor CS Curve

Motors.
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Motor Losses. @

> Magnetic ( Core ) Losses

+ Hvsteresis Losses N
Energy Required 1o Magnetize Core Natenial
+ Eddy Current | osses N

Due to Current Passing Through the Core \‘f E
« Voliage Related
- Constant Irrespective of Motor Load:

« Fixed Losses 13- 202, of Total Los“
Maotors

——

Motor Lossés:. | E

»Fniction ( Mechanical !_bssea )

» Windage Losses W,

» Bearing Losses N

+ Brush Friction Losses
Function with the Motor Speed
« Fixed Losses - 3 - 10 %6 of Total Loss

Motors

Example: ™. E

S HP, 4 FOLE. 3 PHASE MOTOR
TYPICAL ENERGY FLOW

EM VERED
1‘:,' L =T e
ER - /
- Y v

e A B 1 zom | 3w T [y

FIGURE &
Muotors

Motor Performance .. @
Input Power ~

dSingle Phase =\ xIxPF _

QThree Phasc = 3IxVnl \"'Q:F,

w

Input Power = Quipst Power - LOSIRR

= I} - i
=Pog P

Mowr Eificienay

N oS

Motor Losses .. E’
» Copper Losses ( l:R Losses )
N N
- I'R Losses m Rotor & Stator™ L

Proportional to the Load € urrcn;‘\.'\ o
Stator Losses 40 - 4% %5 of Total §
- Rotor Losses 20 - 25 %5 of Total !:.p\u

ks

Motor Lossés .. E

» Stray Losses N

+ Result of Leakage Flux Induced by the
Load Currents .

« Dafficult to be Measured or Cale
« Generally - Proporuional to (I rotoc')
« 10-152% of Total Motor Losses

Motors

L]
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Motor C/S7s:~ é
- Fapex §

i i .
: L .
A :
o j !
S i, ;
v e X
o
.; - t] El ]
T
Paws & Lo
Motors o B

Motor Characteristics El

Manufacturers Usually Supply Motor
C §'s as Curves or Tables
- Motor Efficiencs (vs) °o Loading
« Power Factor (vs) %0 Loading "

———

Determine Motor Efficiency

Input Power Method ‘

1. Input Power Measureménd :

2 Manufaciurer e

» Etficiency vs Output Power '\--'
Draw Efficiency vs Input Power®

» By Dnuding Pout! Efficiency

4. Using New Curve Determine

Efficiency

=

Motors

Measurements of Motor
Performance

(&)

> Input Power ~

« Can Be Measured Using Dlg)tgl PF
Meter or Power Analszer

~Motor Efficiency '\:- .
» We Need 1o Determine Motor Load

» There 1s Two Approaches 1o Determ
Motor Loading then Efficiency

Moiors

Dmibto r Efficiency E

Frequently, Nimufa&ﬁre[ Data are Not
Available . .
»Use General Curves Availableor
Make Approximations
No load rpm - actual rpm .
No load rpm - full load rpm

No joad rpm = Sywe. Speed = 120/ P
Full load rpm = Nasoe Plate rpm

% Load =

Motors

Determiﬁé?lotorﬁfﬁciency @

Speed Measurement Method
+ Using a Tachometer \lcasbe \10|0r

» Using Specd vs Motor Load %s Co
Determine the Loading of the Motary;
> Using Efficiency vs Motor Loading *}
Determine Motor Efficiency

Molors
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Fact&?ﬁffecting Motor E

Performance

#Maintenance
»Rewinding N
#Power Supply Quality \
» Voltage Vanations ~ 6 %%
®* Frequency Vanatons 3%
~Age

Motors

!
—

—_

Motors . Check List @

+ Moior Nameplate D«:tail:, (V. A.PF. AW _RPM. Frame )
+ Motor Tvpe (AC, DC. .
%+ \lotor Apphcation \Pt:mp Fan Com‘w.u Lo
%+ Motor Running Duration
4+ Motor Control (Manual Automanc and hcm“'i iy
+ Exasting Starter { DOL. Star Delta )
+ Age of the Motor
< MMotor Rawinding
<+ Motor Actual Measuremenis V. amp. PE
+ Power Factor Correction
+ Mowr Runming Temperature
Molors - VS

Determine Motor Efficiency E

P out =°o Loading * P rated
“

N
a

Eff =Pout Pin

Turn OFF When Not Needed @

> Sometimes Motors are Lefi Operational
Without Need For That

»Examples -

-

« Air Compressors

» Exhaust Fans

» Air Handling Units
« Ventilation Units

Maotors

%
f
|

ENERGY
MANAGEMENT
SERVICES

Energy Saving !

[REE

Main ECO's . E
JAutomatic C ontrol of Motor
Operation \
aMatching Motor 10 Load O\
Replacing Oversized Motors
OInstall High Efficiency Motors &
aControl Motor Speed (VFD) B

PRt e
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Calculations™~ _ E

» Calculate Existing Motor Gonsumption
Annual Savings m kWh = Motor l-c&‘t_( HI-H2)y
Where: N
» Hi . Exishng Mowe Operanng Hours
» H2 New Proposad Motor Operating Hours X :
» Motor kW from measurements or 706 of Rued\"ﬁg

Annual Savings 0 /D = Savines (KW X TantT(JD AV

Motors,

—

Identifying the Measure @

+Flectrical Measurements™.
~Power ( kW)
~Power Factor

< Speed Measurements { RPM )

N -ac
*o Load = o joad rpm - actual rpm

Mo load rpm - full load rpm

Motors

Calculations™ - @

+Existing Motor Load &\Gﬁnsumpuon
+Proposed Motor Load & Conss
+Savings = Dhifference

Turn OFF When Not Needed E

Turrung Off Those Moitors Wl Savc alot of
Encrgy, While No or Low Im estment 15
Required

» Programmable Timcers :
« Temperature Controllers .
« Level Switches

» Pressure Controllers

Whod oy,

Matchinﬁifotor to Load

Motors are Usually Ov emzed
2 Safery Factors ™~
2 Oher Esumated Loads
2 Wrong Calculanons \-'
2 Vohage Drop
3 Sclecung Non Sutable Tyvpe of Mok

+ Ex  Hiygh Starting Torque

thckors

(&

Identifving the Measure .. @I

If Motor Loading Ratio <'SQ %
~Efficiency Will be very Low ™
~Calculate for Replacing 1t
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High Efficiency Motors Z

7 3 -5% More Efficient ~
v Better Efficiency C'S’s
v Simular or Higher PF

+ Lower Temp. & Noise

v Less Affected by Supply
Fluctuations

Wk gn

ENERGY -
MANAGEMENT
SERVICES

Energy Management in
Motors.
High Efficiency

Motors
Motor Losses

woow — . | ég
i s L
e B |
; ’I i -

........... e
. Prwmbem (P -y
L} = d . 3 L

More Efficient

/__..c-——r—————--..____
e e
- /"/, .
V4 T

s Nikamey

R ‘l_. !
\‘

Ly

I¥er ) R TEFC oy * “* b : ‘ ¢
¥ rg 1 hﬂ.’"ﬂ..I
Motors Motors
— -—‘_\_\_
Energy Sa Tﬂ? . @ Efficiency (vs) Hg(sepo“'er
% of Savings = . 5 -
Existing Motor Efﬁéfw 2
=1- Proposed Motor Efficien g
Example -
% of Savings =1.{088/093) =
=354% E:«:ﬁ:t:t; Lo
: Garrsisrid ™ vt
fqure 2
Maotors L Molors

}U'
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Example -~ @

Actual Power Input
Rated Power Input

=25/(1732x400x45x085) .
=251265 N

Load Factor =

Example a

Case Description - RN

An clectrical motor 15 found to be operaung 5992
hours per vear  Electical measuremeng
showed that the power mmput 1o the motdy wag

=094 23 kW, while the nameplate showed L“.&i\@
rated values were R
Motor EHf = Pout / Pin CRW S 22 VT =400 = 35A PFr = 8§)
=084x225/25 I
= 0 846 = 84 6% &
Motors Woors ”
Energy Saving - @ Example .. B2
%% of Savings = N which means high ef'ﬁcacm:}‘ alue and ths
Existing Motor Eﬁic'iegcy motor cannot be replaced with smaller
=1- T normal efficiency  motor Howeaer.

Proposed Motor Efficiel
=1-(0846°'092)
= 8 0 % of Existing Input Power

Motors

replacing this motor with a 22 5 KWk
. Y

efficiency motor with 92% efficiency

some sa\ings ¢can be achicved

New Motor-Specifications @
S

s
2 Sufficient Size for Exisung Max Load

2 Same or Swtable Frame w ﬁlﬁ-ptace of old
molor R

JSame Speed

2 Same Voliage System

J Same or Suitable C/S's

J Same or Better Specifications

Example .. ‘\ @

Savings in eiectncal power = 8D * 23
WL
~

il

Annual saving m eneTgy Cost
=2 kW * 4992 heney ° 0063 DAV
= 629 JD 7 vear

New Motor Cost = 1250 D

P/B Period = 1250 /629 =20 Years

Mcors.

j >
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Introduction™ . ,

#Variable Speed Drives (VSD )
Control the Speed of the Muator to
Match the Vanable Load 3

+Power Consumption -~ ( Spee?!{)-f-
+Small Reduction in Speed Wil Cal
Significant Reduction in Power Co

+Very Big Potenual .. But Carefuily

Maotors - VSD

Features 6f AC Varnable E
Frequency Drives

Standard Protection Features
+» Onher Under Voltsae
» Scft St Swp
« Phase-Phase Earth Shorts on Output
» Onerload Protection
+ Motor Phase Farlure
» Acceleration & Deceleration
+ Elatrome Reversing
» Computar Control Option

Motars - VSO

Require;}Fts-fo{_V’SD Control E

»High Level of Variable\bﬂgd
» Operating at Partial Loads fc;i"'(.gqg

Times
#Long Annual Operating Hours
»Possibility of Speed Vanation

Motors - VSD

ENERGY
MANAGEMENT
SERVICES

Energy Maiy
Moto

= Variable Spee¢
L s X

#

Examples E
Speed Reducnon %o Power Savings s
79, 183 %
10% kY 1\%\ .
200, 1880,

3% 378°%

0% 8759,

Motors - WSD

Typical Applications @

Vanable Torque N
« Compressors, Fans, Centnfugal Pusmps
«T=kxn?
+P=kxn'

Constant Torque
» Convevors, Agstators, Crushers
+P=kxn

%
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Non Suitablé Apphcatlons

2 Fullv Loaded or Highly Loadc{i NMotors
3 Motors that can not Tolerate RPM Decreases
3 Motors Subjected to Frequent Smn,’itep

Operations | e g Cranes NG

A Motors that Handle Heavy Loads at ‘Rur’kng
Times

2 Ssnchroneus Motors

2 DC Motors

2 Underwater Motors

Maolors - VSO

Example Cases @

<Pumping Applications ~

<A Handling Unats

+Under Loaded Compressors mﬂ(l..ow
Duty Cycles

. +Fans & Venulaton Systems

» Motor MW x Annuai Operating Howiss
2 Determine Average New Speed %5 (X)
2 Savings % = 1- (X7
2 Use Safery Facter 0.8 - 0 95 depending ¢
accuracy of vour calculations
*»VED efficieney 95 - 98%
» Accuracy of measurements of estimation
» Speed reduction estimation

Molars - VSD

Motors - V8D
E,H‘__:\-H - .
Calculations - VFD Control -
J Calculate Existing Motor Consumption 3 VFD can control motor speed and oad i three

wavs
» Manual from the VFD Contod Pmc?\

» Remote  from eviarnal Sonmod srgnal mh\d B
» Time Scheduie

Maotors - V5D
Time Schedule C\ontrol @ Example: "
. Heating V entilation Fan
T | Hum Seed% Swdi] NwetW W 1. Computation Parsmeters
=0 SEN - WEE T XN - Motor Mcasured Load
LI : N 82 142 4 ]
L TS 57 X7 i Existing Opoating Time
i L PG s [EX 5l ¥ . .
TR e - 1 - Openating Davs .\!onl'.h
| ECEEL) RS =) - Opeasung Months Yexr
P umam n T e T )
. ) T o ”:} o Estmated Porcenage Of Savings
: Tond w_
- T
| Mgy % of Seeinps T,
‘ Motors
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Example. . é

Fxasting Energy Cost ~ N

= Elecrical Consumpuon * Electrical Taniff

= 98035 kWh * 0.063 JD kWh .
<6176 JD Year A
Saving In Electrical Consumpnoen

= Estimated Saving ®» ® Exisnag Electrical Cons
= 55%: * G035 AWh

= 519594 Wh
Motors - VSD
Investment Details E
Equipment : '
\FD IS RW D130
Time Controt Unnt D300
Flectncal Pane! and Protection ~ JD 500
Winng & Accessones DI
Installaton D 1
- Touwl 1D 2500
Motors - V5D
—
ENERGY \\
MANAGEMENT
SERVICES
Energy

—
—

Example\ E

2. Annual Energy Savings
Eaasnng Flectrical Conswumphion -
© Electrical Load KW *Operaning Howrs Your

.

N e

N

SITISRW " 24 Hr Dan ® 3042 DM® DMV
= 98635 WWh Year

Motors - V5D

Example . - @

3. Annual Monetary Savings
Savings in Energy Cost ~

= 51939 XWh* 0 0632 ID XWh
; =32731D Year

i Investment = JD 2800
PB Penod = 9 Months
Motors - V5D
ENERGY -
MANAGEMENT

SERVICES

{0

18
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ENERGY ™~
MANAGEMENT
SERVICES

TT—

ENERGY
MANAGEMENT
SERVICES

—

Motor Per?b‘i‘ma__rgce

Typical Motor Setup y

.

2

Driven Load Losses

Tyvpes of Motors

» Squirrel Cage Induction Motors
+ 96 % of Exisung Motors

» Ship-Rung Motors
» DC Motsors

Aoy

» Svnchronous Motors R

)

Motor Performance ..

Output Power = Torque x Speed - 9330
+ Power in kW N,
« Torque i NM
. Speed  ~in RPM
Torque / Speed C.S's.
- Svstem TS Cunve
- Motor CS Cunve

~

Motors




Motor Losses . _ é

» Magnetic ( Core ) Losses
» Hvsteresis Losses h N
Energy Required 10 Magneuze Core Maleyal

« Eddy Curremt Losses ;
Due 10 Current Passtng Through the Core X¢
- Voltage Related

Motor Performance .. @
Input Power .

JSinglc Phase =VxixPF

QTheee Phase = IxVxlx ?{F.

Input Power = Quipul Power ~ Lo

. Constant Irrespective of Motor Load Motor Efficieacy = Fout ‘P m
» Fixed Losses 13 - 20 %5 of Total Los
Motors : Motors
Motor Losses .. __ E Motor Losses.. jg

»Friction ( Mechanical Losses )
» Windage Losses
+ Beanng Losses N\
» Brush Friction Losses

Funcuon with the Motor Speed
» Fixed Losses - 5 - 10 %o of Total Loss&

Motors

Example: ~- @

3 HP 4 POLE, 3 PHASE MDTOR
TYPICAL ENERGY FLOW

-aronl foTon] o e ™
boss |oes - ] - 1
oy oo Buil A = ”~ | s
b=
e d ES T 2o | o 1y e
FIGURE &
Mosors

2
» Copper Losses {1 R Losses )

- !:R Losses in Rotor & Stalor\.___ _
Proportional to the Load C urreat
Stator Losses 40 - 45 % of Tot
Rotor Losses  20- 25 % of Towal

= _
Motor Losses.. ,
»Stray Losses "\\\

- Result of Leakage Flux Induced by the
Load Currents %

+ Daffscult to be Measured or Calc
« Generally - Proportional to { 1 rotor?
= 10 - 15 % of Total Motor Losses

Motors

30
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T 3
Motor C/S’s. -
- tamers
. I .
1o : T
- ‘ .
- e i ¢
o "',' i
) s |
Pors 3 —
Motors "

—

Determine Motor Efficiency E

Input Power Method .
1. Input Power Measurement -

2. Manufacturer N

# Efficiency vs Output Power
Draw Efficiency vs Input Pow er
# By IDivding Pout/Effciency

Using New Curve Determine
Efficiency

tad

he

Motors

Determin?ﬂoto_r\ Efficiency @
Frequently, E\-Ianufacr\u*re.KData are Not
Available o
» Use General Curves Available:
Make Approximations
No load rpm - actual rpm )
No load rpm - fuil load rpm

Ne load rpm = Sync. Speed = 1207/ P
Full lead rpm = N yme Plate rpm

%Lload =

Moiors

—

Motor Characteristics @

Manufacturers Usuallv Su"ppl_\- \Motor
C S’sas Curves or Tables
+ Motor Efficicncy (vs) %o Loadinig
+ Power Factor ivs) % Loading N

Mohors,
Measurements of Motor E
Performance
» Input Power ~

» Can Be Measured Using DIM PF

Meter or Power Anal zer

~

» Motor Efficiency :
= We Need 1o Determine Motor i.oadu

« There 1s Two Approaches to Determins
Motor Loading then Efficiency

Mosors

—"‘-\‘-\ .
Determine Motor Efficiency @I

Speed Measurement Method
» Using a Tachometer Measure \iotor
Speed { RPM )
» Using Speed vs Motor Load % C
Determine the Loading of the Motors
» Using Efficiency vs Motor Loading
Determine Motor Efficiency

21



Factor\s.—(ﬂectmg Motor @

Performance

~Maintenance
#Rewinding i
» Power Supply Quality N
= \'oltage Vanations X
» Frequency Vanauons

7 Age

Maotors

Determine Motor Efficiency E

~

P out =% Loading * P rated

Eff =Pout Pin

Motors

_L___\\‘\\
Motors - Check List @
# Motor Nameplate Details (v, 3. PF. kW, RPM. Frame )
< Motor Tvpe (AC. DC. ) ) ~

<+ Motor Appheation (Pump, Fan. Comever, e b

+ Motor Runming Duration -

< Motor Controi ( Manual, Automatc and hom”{ :: o
+ Exastng Starter ( DOL. Star Delta) ™,
+ Age of the \Meloe

¢ Motor Rewinxting

<+ Motor Acrual Measurements (V. Amp. PE:

4+ Power Factor Correction

+ Motor Rurming Temperature
Motors - VSD

Tu;m‘heng’ot Needed @

» Sometimes Motors are Left Operational
Without Need For That

» Examples :
» Air Compressors
« Exhaust Fans
» Arr Handling Units
« Venulation Umts

Wiolors

ENERGY -
MANAGEMENT
SERVICES

Energy Mamgg
Moto

Energy Saving \§

[erey

Main ECO’s™ . Z.

JAutomatic C ontrol of Motor
Operation \\

2Matching Motor to Load
Repiacing Oversized Motors

Qlnstall High Effictency Motors

2Controt Motor Speed (VFD)
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Calculations . @

» Calculate Existing Motor Consumption

Annual Savings 1n kWh = Motor l\\\\q HI-HY)
Where

» HI . Exasting Motor Operating Hours \'\' '
S

» HX: New Proposed Motor Operating Hours »

» Motor KW from measurements or 70%e of Rated 00

Annual Savings in D = Savings (kWh) x Tand¥ (JD kWY

Identifying the Measure E

+Electrical Measurements~.
=Power { kW)
~Power Factor

+Speed Measurements ( RPM )

N .
o load = V0 load rpm _ac:ua[ pm_
Neo load rpm - full load rpm

Motors

Calculations '\ @
+Existing Motor Load &\Gonsumpnon
+Proposed Motor Load & Cor

+Savings = Difference

Turn OFF When Not Needed E‘

Turning Off Those Motors Wil Save a lot of
Energy. While No or Low Iny estment 15
Required

+ Programmable Timers

+ Temperature Controllers
« Level Switches

+ Pressure Controllers

Moors

.\mchmg‘.wmr to Load @

Motors are Usually OQverszed
2 Safery Factors ™
2 Over Esimated Loads
2 Wrong Cakulations
2 Voltage Drop
2 Sclecting Non Suntable Ty pe of Motd

+ Ex  High Starting Torgue

Wolort

Identifying the Measure .. @

If Motor Loading Ratio ;\SQ\%
~Efficicncy Will be veny 1.0\\‘\ -
~Calculaie for Replacing 1t
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High Efficiency Motors

v 3 -5 % More Efficient ~
v Better Efficiency CS's ™
~ Similar or Higher P F \
v Lower Temp & Noise

-

ENERGY
MANAGEMENT
SERVICES

Energy Management in

v Less Affected bv Supply MOIOIS.,‘ :
Fluctuations High Efficiency
Motois s
Motor Losses @ More Efficient g
- P e e
i ) - ,y _
—nae M—:-.‘---.—V’;;---;;':'u' ! - 7 !
[ =4 - [} 3
‘.-ﬂ:’“ -“‘ TE FC e ! é o ‘W » * * - .
Figure 1 P 3
Motars Wolors
o @ [emomac a
Energy Saving . . Efficiency (vs) Horsepower :
% of Savings = N 5
Existing Motor Efﬁciqlcx z
=1- Proposed Motor Efficie é
Example : »
% of Savings =}-{088/093)
=54%
Motors
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Exa;n_-ﬁl?.‘:-r-u. .

Load Factor =

Actual Power Input

Z

Rated Power Input

=25/(1732%x400 x45x 085 ) °
=25/265 >

=054
Motor EH = Pout/ Pin
=084x225125
=846 =84 6%
Mators
e

Energy Sa\"iffg““-

% of Savings = N
~ Existing Motor Efﬁmqnq

=t- Proposed Motor Efficiency

~1-(0846 092) :

= 8 0 % of Existing Input Power

Z)

Examp;; ‘- E

An electncal metor 35 found 1o be oparating 532
hours per vear Electnical r"‘tASxEC"‘"ﬂE
showed that the power anput 1o the 2 0107 WS
23 kKW, while the nameplate shoned that ‘t
rated values were

CRW =22V =300 =38 PY

=)

which means gh efficiency’ yalue and thus
motor cannot be replaced with smalle
normal cfficiency  motor e
replacing this motor with a 22 3 mm
efficicney motor with 92% efﬁucn:\'th
some savings can be achieved

Example ..

NeMmSpgciﬁcations E

.
J Sufficient Size for Exisung Max Load

J Same or Sutable Frame to fit iﬁpiace of old
motor T

32 Same Speed

J Same Voltage System

2 Same or Suitable C/S’s.

2 Same or Better Specifications

Example \1 = E

Savings in electncal power = $Dg; * 25
= JkW-

Annual saving in encrgy cost

= 2 kW * 4992 hrat * 0 063 IDAWD

= 629 JD / vear

New Motor Cost = 1230 1D

P/B Peniod = 1250 /629 = 2 0 Years

Sogors.
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Introduction @

+Vanable Speed Drives ( \'SD )
Control the Speed of the Mator to
Match the Variable Load ™.

«Power Consumption ~ - ( Spee?})

#Small Reduction in Speed Wl Cati
Significant Reduction in Power C on“'s;\

<+Very Big Potential  But Carefully

Motors - VS0

Features of AC Vanable E
Frequency Drives
Standard Protection Features -
» Onver Under Voluage - .
+ Scf StartSwop N
= Phase-Phase Earth Shorts on Curput
+ Onerload Protection
« Motor Phase Fadure
»  Acceleration & Deceleration
« Electromc Reversing
» Computer Control Option

Motors - VS0

Requiremﬁt}fo{ VSD Control @

>High Level of Variable boad
» Operating at Partial Loads rS}‘»

Times
#Long Annual Operating Hours
#Possibility of Speed Vanation

Moiors - V5D

ENERGY

MANAGEMENT
SERVICES
Energy Maig
Moto
= Variable Spee
Examples E
Speed Reducuion %o Po\\tcr Savings .
sog 143
10°; 7%
Y
200, 188 %",
30 % $78%,
30 % g7 5%,
Molors - VS0
Typical Applications @l
Vanable Torque - A'\\

» Compressors, Fans, Centnfugai Pomps

-T=kxn’ \‘\

+P=kxn’ \
Constam Torque -

» Convevors, Agitators, Crushers
«P=kxn
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Non Suitable Applications @ Example Cases @

3 Fully Loaded or Highly Loaded Motors
3 Motors that can not Tolerate RPM Decreases <+Pumping Applications

~

=

3 Motors Subjected to Frequent Stm‘&op <+ Awr Handhng Unuts
Operations { ¢ g Cranes .
2 Motors that Handle Heavy Loads at Stm ' +Under L.oaded Compressors “"'dlm
Times % Dutv Cvcles N
- ‘\ . ;
- Synehronous Motors +Fans & Ventilauon Svstems
2 DC Motors ! )
d Underwater Motors '
Mators - VSO Wotons - WSD o
o _ T ey}
Calculations ™. E VED Controel - E
A Calculate Existing Motor tonémnpuon 3 VFD can control motor speed and joad m thuee
» Motor KW x Anmual Operanng Howss wavs .
3 Dewermine Average New Speed ¢ (X} » Manmal from the VID Conrod Panch

2 Savings %0 = 1- (XY \,
2 Use Safery Factor 0.8 — ¢ 95 depending
accuracy of vour calculations
» VFD efficiency : 95 - 989,
> Accuracy of measurements of esumation
» Speed reduchion estmation

» Remote  from oxicmal control signel 'k:s‘,hm-.

r Tume Schedule \,

Motors - VSO Motors - V5D

i

o

o

Time Schedule Control @ Example: .. @l
T Heating Ventilation Fan
: Tew e e el ewi® 1. Computation Parameters o~ N
T cmoum P e [ 4w e - Motor Measured Load =N
TEPRE] P sm i1 1a e o
L] it M fa £ X - Existing Opaating Time =
.0 H K1Y ¥ - t g A - b Y =
! ET T T | K ca £% b Opcrating Days ) lom.h
! B : YRS ) = - Operanng Momths Yea =
Taam R . ; -
F e R = Estmated Percentage Of Savings
Tad %
Painteg 3oy )
Aoy ™ of Socing e
Motars
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Example..

Existing Energs Cost

= Electnical Consumption * Electricai T;nn

= 98035 KWh * 0063 ID kWh -
=6176 ID Year N
Saving In Eicctnical Consumpnon

= 539 * 98035 kWh

= Estimated Saving *o * Exasiing Eloctricai Cons :

(&

= 31959 KVh
Motors - VSD
= -
Investment Details E
Equipment :
\FD 18 kW D13
Tume Contros Unt 1D 300
Elaemcal Panel and Protecnon 1D St N

Wining & Accessones JD 1o
Insailation ID
[
Totwi JD 2500
Maotors - VB0

ENERGN

MANAGEMENT ~._
SERVICES

Example

1. Annual Energy Savings
Evsting ElecTical Consumption N
Flacrica! Load W »Operating Hours Yogr

-,

\

-

= 98035 LR Vear

Mogors - W5D

N
ST I9RW * 24 Hy D ® 3642 DN 12 \'.‘.‘-:

Z]

Exa;ﬁ;ie' -

3. Aonual Monetary Savings
Savings In Encregy Cost AN

- S
= Savings In Elxrcal Consampuon * Placicsd

= S1939 kWh* 0 063 JD kWh \\.\..‘... .

=3273)D Yew

Investment = 1D 2300
PB Penied = 9 Months
Mosors - WSO
ENERGY ™~
MANAGEMENT
SERVICES

Energy MaRggement in

10
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§14/C EQUIPMENT'S

2) Split Units

Led MNP L3ENT LN I S rlem
raxsamiian

Ter oo snew

“the snengs to he deerved Fomy H .
i
Re achieved Ay modiicinons 3 H\ -\C
H mrne exiiling contro! svsiem F L . .. .
g ; . e 1
;o wnderstanding of the HUAT nostem or H A Cond!nonlng .
i + : ‘ - i E
? in any gTorr tC reduce erergy nsed i .
i :
P = S

HA/C EQUIPMENT'S
_ ;l) Window or through the wall

PN/, S-SR S

2
A
‘3
4
i
i
£

§i3
il

A/C EQUIPMENT'S ‘

R v -

“ g3
e
i

Sl ror:

e

) Roof Top Unit ‘
uned axe comdinomey nttems Jerigred
Jor mourning on the exposed reof of 2 :ov.me.-c;.-."i
crindusinal duldng i
They are may? frequently of the rec.procanng Bres
ard mir cocled with all components sontained tn
wesrhgr procf enclosure .

A/C EQUIPMENT'S

LIREES{ AET IR E S &

P
FRERE-A g Rt
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A/C EQUIPMENT'S

Jentmirugal arcts are basica’h ars s- Sl . t 3
H
|
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‘A/C_EQUIPMENT'S
i.

4) Electric Driven Compressors
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§ IPERFORMANCE

T Thostorm soured 8o

mezsure the ¢ Fioiensy o7

EFerent fpes a7 cfuliers.

2= bieat Moy Jof refperatan EF e
Eqerpy Reuared

i ot e AT A

3 PERFORMANCE

COEFFIICIENT OF N il

Aur cooled chullers. | gemerally have a lower
C O P than waer cosled un:es.

¥

§ " | 4 low s o MRy Righ side sTne nuanm :
guite. regquires 55 muntenance rol gererall ] :
wsed Relow Slicns copacin , :

e v B =

o _ . =

R 5 - ‘/? “kﬁ‘ L

+COEFFIICIENT OF atm

4) Absorption Chillers

B reraie om either steam o Aol waker 2t SR

i gEmeTa

rhEr. peTTiemong the ome Ronir winoe a2

Pl s b

A/ C EQUIPMENT'S ]

i

}OEFFIICIENT OF i

IPERFORMANCE

§° As 2 rule of sk the filiamg TLOF cam e
aied a3 3 gaide Tor wariws s o westy
Absorpnon Chilier - G
Flectre Drve (ompresnion - 240 %

o OO P will vy significanth hued wpor 2 rumber
of Lxciors

& The ppe of refriperami
Motor efficioncres

Pume efficiencies
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‘COOLING TOWERS =]

e 4 erte ety

DGR 2MeT 18 3 FeviCe MRl SoolS water

Srelriv £y evaporatan
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o
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3% Towers are masr Sommons soed Tor 2 N4

.

The rate o evaporation 2 2

Zir teraper s IR 1A Toied w Ao emrer2turd

F = Tre LCrence fermeen My tas s Amoun mc
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- "METHODS TO REDUCE|- y

FOR HVAC

Savings can he Evaded 1rto rwo general sreas

coolmg
| Reducing the amount of hearng and cooding
requ:red

ELECTRICITY COSTS [T

. Beducing the cost of gemeranng heating andi g

§ ¥ S T — ]
-LE P
7-‘DISTRIBUTION SYSTEMS 7

| Sirgle Lone Sy ttems
Termnz! Rereat Syprems
WL Zome Sisnems

b sl Dhuct Sy srems

Varrable A Volume Systemy
3o Conl Sy stem

Twa Theee or Four Pipe Ssosemes
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@ REDUCING COSTS OF i

GE\ERATE\G COOLING
POTE.\TIAL NO. 1
; Raise Chilled Water Temperature

RALERIFIRRT B =] hn-'*e—;.".ve _'." Mmoer i
extor

stor and the condenser IRCreaser

f
3

gy the cpilied water emperature wil fause -
I ooeediDenEng Inorelse i the evarorarne
wmocrainve and rus Jecredse the redured
romnenture o7

RED{ CI\G COSTS OF -

GENERATING COOLING

Je s R ANPLED Rt il mg TR

{5 {Upenate M Fomr o Mhe ORI LIS s o

R e B
Sl mer the ms m ooy BpST soiniIn reegr s A

mpimLe

§ IGENERATING COOLING
¥ *AGE SAVINGS FROM INCREASING

6§ REDUCING COSTS OF

CHILLED WATER TEMPERATURE

: GENERATING COOLING

- F 3% From chuler catalogue "Perra” 2t 35 'F ambwert

3 & Savimg =2 3G45 0NN OFF-0. 982G 10

| Pl
. REDUCING COSTS OF s

JImIRL o Cen .&LJ‘_‘.; LTI "g el

Eepro2ads

o Simce the soc lep load i iess than e Siige Wi

thomt 35 % o7

e e A ELE I B ISR
J - ,'..‘.:': demmond ceduies
demand e Re el w Tk mIEr IR U5 B SR L

Zirin

'REDUCING COSTS OF
GENERATING COOLING

* 145 eF TR = 1009 tfor comp only)
o At 43*F W TR = 0 982 tfor comp. Ori)}

= 50623 kv k
SO62 5% 967
= FiR 4Dy

1GENERATING COOLING

- ramzie

EDUCING COSTS OF

» dnofice building has twp 150 Ton chilien:
electricaty 1an ¥y O 03 L iW A roolep waiom
18I0 hrs day I8 Ao momth 5 omorth ea
awerape inading S

w R e the JD per yedr aMaimes Som inrelging

-

2 e w ter emp L “h‘r

3
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§.\ REDUCING COSTS OF | il REDUCING COSTSOF | i
| GENERATING COOLING HHGENERATING COOLING

IPOTENTIAL NO. 2

Reduce Condenser Water Temperature

Percent Savings from Reducing
Condenser Temperature

P e AR A A

Cempressae

" Corclerwes Terrp Redction °F .
: M1F[2F{3IF 4 F 5FIeF[aF 0¥}
phsomticn s % ewizvh cen]amami s
$Cawrhgal (- % 2aiamias, socleoy]sey ol ]

v Seme owaner

Sy p2EF vaocs !

F o

€ REDUCING COSTSOF ||
{GENERATING COOLING

- §e Thus reguiting 2 lirge lemp Ierence hopweon

POTENTIAL NO.3
'} Reducing Scale or Fouling

B v The At transer rur

tg wlter 2w d the refrigerant
- dn Thuleg socurs mmthe evaparator tubes, the eect
2 egunVa SRt o lowemng the Ta T T on s laan

[

TN L T T AL

L §® n N CUMGERISr DLING (3 eJuivdlent i3 raising ] .. X . .
: : . o . b ¥ LR Ly YR B PN Tatas e T dw 2t
NG JORICTESr WA IOME IR JIEIN Dabet -

CXTAImPer Szesing I

ITESAC IN SRR cxo naTeLt

£TIoenn

s TPSIR

$.REDUCING COSTS OF fis &
$IGENERATING COOLING JIGENERATING COOLING ¥

f rotenTIAL S JPOTENTIAL NO. 4
'] Heat Recovery System  §1 Reducing Auxiliary Power Consumption

E 2 - *; o .. L ca s W
B 3 Exhoust zr temp. from amy arcordnored space ! : ;' ire MAL erergy SGSI T PTOIRIIRR DD wIKT i
3 e - frmited 16 the togt operanng the sholer 1tse X
aheays less than the ambreni fresh ar temp. ¥ 3 ] 'f_w mited 15 the Skt operi ’g P R o e !
¥ 3 fcpa . s s 1 L I3 Condemer or conling riwer Sonp conderser water
3% Oy Installing hear whee! berween the relanvely low 3 cireulinng pumps. i chiied water rivzala E
] * I g PR i RS Ea e £ g J.._."F“g
femp exhuaust o r and the relakively Righ femp. K f 2 Pumes mrest 33;,.‘ oo e d
3 a < s ;L ] L4 3 = TR
fresh e will reduce the cooling load of this fresh B e In 2ot in connfgal chuilng piants the ;i
? AT R 3 di (LGSR Duam H [k sl
& b & g 3

equipment ofen consumes ;5 M or more

1

gl
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- REDUCING COSTS OF | i ,REDUCING COSTSOF | ]
GENERATING COOLING

{GENERATING COOLING

POTENTIAL NO. 6
Use Absorptios Chilling 1o Shave Peak

e Tpoongraliancons wacee e olerrenl

IPOTENTIAL NO. 7
Thermal Storage

I The storage o”ice for [ater use 15 an increanngls

fracfve Sphion

Beczuse sfablin demand charges, i iy more

A AR ARSI AR A AN A AR AR A A

e the coaling tource dumimg

Ir i when air |

sondiranimg o reeded especi v reak ponind

I -

ES a"-\_:

ke

%

il

REDUCING A/C LOADS | —

There are many oppertunitics for
reducing the load required for cooling.

POTENTIAL NO. |
Optimize Temp. and Relative Homidin
s Sherg it -

M FCEIGERIE

EDUCING A/C LOADS ==

3% FOr examzie, (R U Sammer ooerating &f 2 Zane
rumidny level of MG R Y wier 67 s wonld

suTire 15 obvioutly muck maore cretgh xpensive

Elecmieslcosis can e redused B 28 e Rosumpl

srimzing rome ronlnany B EEIFTAFS RN
TS T Sed o 1D I T oleld

3% Sef room sensor coolng temp t: 13O T2 ar 1akirg rlae i the some
SRR Plaie in Ihe Tt

migher where posithle

[ RIAE PR ATt T
ek Cur s e e

Sring and peanng

REDUCING A/C LOADS  |==

4 IPOTENTIAL NO. 2
§ Use Correct Amount Of Qutside Air

£ k10 lennlanon requirements ( insnde actoiires i will
dedicate the pustimum Imount 6 makeup arr

B 1* 'ncertamn cases it 15 more economic ! to use more
§  thannis mizmum level

R 3 eg. f coslng s required and the outside xr i
Ed  remperature and humidity 1y less than the return
&ur temperature and humdin. iF 5 cheaper 10 use
F00 percent oulnude arr.
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SaCEEe—
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oy E =7

REDUCING A/CLOADS [ =

Suppose we Rave Jverage TX 98 return pir a1 M

RH ard average 925

ne system fows [ OF]

Zr Inrie
examrie we wiil Consider 2 nngle Tome Syitem (R 2
ng Prxda

-

Sistem speration: [0 R dn. 3 din monh

Smortns vr

* The rzduction in cooling coni koad 15 from 356

"REDUCING A/C LOADS [~

R = 7f »roane, 7 _ T
S = RN YL T -

LH = O P GER R

TH TR A4Sk h

tons 1o 31 1 tons. a deerzase of 12 6 percent

—
- .
¥ S
3 ;.

APOTENTIAL NO. 3

REDUCING A/C LOADS

Use Temperature Reset

Jn many rehest systems the chilied water coif o
operated 2t g fized leaving lemp.

Yo pmes the temp for @y lenang the chilledi
water coil is chosen to be lower tham ary &r
required 2f the various 2ones.

Therefore, the remeat coils must all cperate. The
overa! afect 13 to cool the &r and then rehear u
Sack 1o the same siate ar higher temp as regquired. |

_ —_—— . e
L —.

Load

gii}:m‘cmc A/CLOADS |==

i Effect of *aOutside Air on Cooling Coil

Roces Semade tamd  Fusw Latene Rt Tl Cambg <l 1

ST [ "Eef W Lt T -
: ki > it
Q& =

= lE et
L ETGP =3
Fmer Conrmed = (F 14 2
' = €45 bR
iPower Cox = eI O D %

= AN D
T G AL LVRENE

=FT 8. D

25
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REDUCING A/C LOADS  [==- “ﬁEDL’ClNG A/CLOADS

* ik mpoTatute 5 10 Dm o mIne AT w.l N

E 3'r fospral g OO0 TR mulnezone AR mued el reguired
temp 87 °F and 18% R cocled downte S5 08 * Temperdfute CCED TEETT K
re = ) SRR ar £5 08 [ 3 SRARRING Ihe IMPCTat e EIvimg Th
o = D SWH TN o NG9S i 3 ] Tor 2 rgholl natem ond i mied

— EREDUCING A/C LOADS  |==7

Ly emp oreser ¢ A5 Tonstead of S8 F

Example Showang savings due w Reset
iR Loohng requirements are omered By e

il T Taw  Vaegled Mg Cal e a s e
TLTRr Sl ey

g a4 Tk | ol iwniet F o Jama  _ameiw lama st Ve Zamw o+

b= ¥

:’: ;L’l-“;'sii - ETL M . d . L. XM =t
y: e e o oy P
zied om 3 ocst ol ST 40 JUOG BIL i ket v e s o e aw
sndelectrirzlcost of G063 D ER and macine T e T
COoPar

REDUCING A/C LOADS

REDUCING A/C LOADS

& 10ther Potentials
g aneianom fppes ducts eic
Reducing infilranon + doors, wimdowy }

Reducing Solar hea! gair through windows i solar fims,
Curizmny ¢}

Sinvergs cn Rebeat =
I BTL hr DA ORI BT
: = G459 0k

L Snngs mn Cocling =
E$ 100G BT e * ORI SRR SR80 ETL

Installng air curinas on mna entrance doors and am cold Ll he ® 3L

siores
Eficient hghting rvatem wil] redaced cooling loxd
Controling exhast fans operation duning mght penod

= FlIF0E b
3 Tota! Saverg . 4. ] 128
=130
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Petrbleum Products Tanff &

Specifications.
i Type Sp.Weight Lower C.V Tarify
Kg liter Keal Kg JD
6.79 10350 0.110 Lir B
0il =2 0.83% 10200 0.310 L.

o Oil26 0968 9680  "2.5 Ton

10960

Y- CALIBRATION oy

¢ Fue] consumption 1s affected directh by
combustion effictency
» Combustion efficrency depends on
Exhaust gas temperature
2 %o in fiue pases
COZ % i tlue gases
CO % n flue gases

* Percent of CO and CO- are indicators of the
completeness of combustion

* Good nuxing = perfect combustion
when flue gas analysis shows min COor
-, and a maximum vzalue for CO-

* For greatest efficiency, the fuel-and-ar
mixture should be adjusted unul the
maximum CO- level is obtained

. ' ENERGY MANAGEMENT
| SERVICES

Combustion

B 1- CALIBRATION

il * Combustion s the chemucal reaction of
owy gen with a substance to prodise hex

B¢ Fucls usually conlan Carbon 1hvdrogen and
B somctmes vaces of Sulfur

B* Coals are mosts Carbon winle fquid and
paseous fuels are Hidrocarbons

s CH_~Ax 02 - N2 ~Crher Gases
COI-CO~02-502-803+NOv-Hex:  *

» The product of anyv combusion process are
heat and evhaust flue gases

* Flue Gas Analy s15 15 used 10 imndicaie the
aur-to-fuel rauo and the degree of
completeness of combustien

» Percent of 02 & CO2 are indicaiors of the

amount of excess combustion ar




R+ High stack temperature (430 °C or above)
indicate one of the following conditions

Excessive drafts Poor draft regulanon )

D heating surfaces

Poor design of heat exchange surfaces

Undersized furnace

Ohar-finng

3 SMOKE MEASUREMENTS

* The smoke in the stack can be used o eshimaic the
cleanlhiness of combustion.

* Smoky combustion can indicate
Improper air detivery

Insufficient draft.

Improper fuei viscosity

O pump malfunction.

Defective or incomrext fuel nazzles.

&1 1 FLUE GAS ANALYSIS —

e The tollowing wble hists the ulumate CO;
readings for the vaming amounis of evoess

ai7 11 the combustion of common Yoelis

- o

12 STACK TEMPERATURE

® Net stack wemp = Flue gas lemp - Ambiemt
temp

Stack temp should be kept as low as
possible without causimg coid od corronon
which caused by formation of suifuns acd
H.SO, due to

= 80, - 2 0. =50,

» SO, = H.O vapor = H.SO,

81 2 STACK TEMPERATURE ==

s I the stack temperature exceeds the sicam |

water , thermal i} or the situng !emzaam.rt
of anv heating boiler or firmaoe bv 63 C at

full load then fuel savings potential :3
wdicated.

» Stack temp should be kept above
Natwral gas 120°C w2 13
isé 156 °C  Coal 1635

Wh

C
C

'Y
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1'5 STACK LOSSES

Excess air is usually added as combustion 8
air 1o the fumace
Another source 1s through leaks in the B
casing or throtgh out-of-serice burners

e\ corfain amount of Snigss #1715 DOCES AN 1
8 complele combustion wathin the confines of the
combustion chamber

Onls zoouph &y to preven! incompleie
combustion of Jame impingement on the tohes
showld be provadad

The morz efficent the burners are from the pour?
of view of miving, the amaiier thes nocessan
quantihe of excess ay walihe

D N vy

I

&
&

1.6 REDUCING EXCESS AIRr.._._

g+ Oniv enough air should be supplied to
completely combust the fuel since mare
than thus amourt mereases the heat rejected
1o the stack resulting in greater fuel
CONSLMPLIONR

s 10-20%a excess air ¢ 2-4% O, 115 acceptable

81 7 CLEANLINESS

* Blocking passages in the convection section
will affect the DRAFT by reducing the
Incoming combusUOR air causing
incomplete combustion (low steam
generation and smoky exhaust)

» Fire-nnde deposmits and SOOT should be
cleaned manually.

* Fxcess air awr inreduced above the
stowiemetrie of theorelical requinemensis |
effect compleie and effiient combustion of
the fuel

There 15 an opimum level of excess-air
operation for cach tpe of fumace deugn
and feel tope

(1.7 CLEANLINESS

* Another facior important W bokr efficendy s e
cleanliness of the heat-transfar surfaces

» Heat tansfer surfaces both on fire s3de and waker
ude should be clean

* Ash 3001 scalc and mineral dcposits are poor
conductors {insulators} They recuce heat ransfor
from hot gases to steam, waler. of AT \arcasng
looses from stack




i

| S

ﬂ‘ |

il

.7 CLEANLINESS

te and Soot effect on fuel consumption

BiScale (mm) 05 1 2 3
Fuel Loss (%) 1.1 22 4 63

BSool  (mm) as 1 2 3
Hruel Loss (%) 12 24 45 84

BU K\ER CYCLING

B * The burner should not start more than 2-3
tumes per hour

& For gas bumners a loss of 2~3% may occur
when the burmer stans {1 umes or more 7 Hr

* For ml burmners the losses due to oveling are
even higher

% OF LOSS
- TYPE OF HEAT LOSS MEN IIAX

SURFACE LOSS R
W FLUE GASES i
FOR O, ATOMIZATION T e
BY BLOW DOWN >
HEATING [ HFO JTANK 0%
BORER CYCLYMG [y
T %
[
o

7

:::#::5

WHEN BOILER STOPPED
HY NON BURM FUEL

Y SO0T AMD SCALE

I YOTAL COGSES..

I
1

17 CLEANLINESS

= Water-aide deposuts are coniolied ™ 2 ¥
good water fealmen program
Buiid up SCALE removed by chemucals

anh

.l 8 HEAT LOSSES DUE TO |
BURNER CYCLING

Encrgy Josses oocur when e bosker e sl a
ew uad 10 an micTmEMENT way
When the hemer stopped the arflow . muet
continue for g sharl ime

D lpon
whith :cs*..% ina h:gh sme&: Imn\*m

- Belare igrinon the bummer mast parge (e fan
pumps ur aside bosler 10 remove gases and
cogmhashon residuals thos wiil reduce te wmp of

the nude wrfaces

F8 HEAT LOSSES DUE TO |
BURNER CYCLING
o There are two wavs to roduce energs josses
due 10 ovehing of the boler

1- Replace { ON - OFF 7. (HIGH- LOW -
OFF 1 bumers with modulating tumess

2- Reduce nozzle flow dunng penads of jow
steam demand

e




MMeasured O2 %%
Dhesel Cons
hesel Cost

1 11 EXAMPLE CASE

Measured efficiency T93 %
Measured stack emp 473

Measured roem 1emp. 3

350000 Itr v
110D/ 1y

1

* Annual savings

=3638JD /vt
8 invesimert
Labor 150 ID
Calibrauon T3 ID fvisit

11 EXAMPLE CASE

Annual monetary savings

=33162 Iuhr

=3362*0110ID 1w

ww-mw

END

R e,

110 COMBUSTION | i
EFFICIENCY TABLES

T aee 1 330 | wse | a3y
11 ¥ 1Y & T FE b (R}
T .

1 ¥

12

1r 3

viw T

K

iE oy

I ICEES B
] TEEEIE]

111 EXAMPLE CASE

« Itss sugpested 1o reduce O.% fom 1% to
3% (15 3%encess ar: arad o rodooe TR
stack lemp o 300 °F
From the combustion tabies the expeciad
combustion efficiency will he 87 &°;
* Annual savings = annual consumpliod

¢ 1 Ol EfY - New Eff
* Annual savings =350 Tl

L3R

S T

1.11 EXAMPLE CASE

* Total [avestment= 1530 - 12°73

= 1050 D

* Pav Back = (Investment +) Savings
= 105073648

=0 3vear

=3 3 months

‘-
'
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Introduction

» A Conditioning 1s the smultaneous control of
tomperaturs humedine, ar mosement and the
quaity of ar 1n 2 space .
Although mam of the savings t be dernved from §
HVAC sy stiems wall be achieved b modificanons. §
1 the ¢asting control system. 1
* A basic understanding of the HVAC sustem s
essential in anv effort o reduce energy used :

w g

_ ﬁeating Systems

e Eleciic hot waier botlers or heaters are the
most expensne in operatton although s
cificiency is vens hugh i about 100%6, :
* Steam and water are both used for domestc
hot water and aw heating distnbution
systems

Heating Systems

3) Portable Unit Heaters

» Operate wath ol gas or electneity
* Mosty used for spot heating areas,
® They are available without and with
blowers

* The former are ecasier 0 maintain, but
biowers are required where large heating
areas require a preater distnibutton.

. | ENERGY MANAGEMENT

e T ’ LTI

SERVICES

HVAC
Heating Systems

BHeating Systern Trpes

B (1o waler heating svsiems

Orperated byl gas or clecineh
Temperature of the waler mvmmally heow
R{LIA &

Operaling  pressure normally almosphens
pressure

R A ———
el -

o sy ———

leating Systems

21 infrared heaters

¢ Operate on gas, o or electncity

* Transmet heat cnergy durectls 10 te
occupants or hwlding contents without
appreciably heating the surroundmng awr

* Infrared heaters particularly useful :n high
bav butldings, sern: open of ouldoor arcas
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. Heating Systems

Energy Saving Measures

17 Borler Plam
Improve Operating Efficiency
a- Regular maintenance
b Improve thermal insulation of botlers.
pipes and fitungs “valves”
c- Isolate inoperative boilers
Jd- Replace old inefficient botlers

#. Heating Systems

B F nergy Saving Measures
Bec- nstall zone controls for areas of extended
use

(- 11 time controls to eliminate out of hours
heaung

p- Install foul behund radiators

th- Instal) shelf above radiators

1- Mamnta:in windows rubber seals to reduce
infiltration

xample 1

Temperature Control

— o ) T e
e T R

{eating Systems

41 Heat Pumps

* Designed to extact heat from outdooe &7

e Transmil it W the inude for heatng

* Then reverse themaeines 5o ramee heat Sorm the
inside when in coohing mode

s Thay are move cfficen! for heating than clocx
reusance heaters when the autugds wmpanss
are 3°C of higher

* Below thal temp a suppicmeanuan resislance

heater 1s needed

eating Systems
Energy Saving Measures
23 Space heating svstems
Avaid Overheating
- Check thermostats are s&1 cormectih
Tumn ofY heating in unused rooms
- Install weather compensating convols

- Install more accurate thermostais and
thermostatic radiator valves

Energy Saving Measures

) Reduce anvelope Josses

- Thermal insuisnon will reduce wall and roof
losses b 70-80%«, the pas -back ponod around §
sears.
fb- Cavaty wall wall reduce wall Josses by 80554,
- Doubie glaze will reduce bosses from wmdous by
4045% the pav-beck penod 3 -5 vears if windows
area represent about 257% e of the outside walj area




. ... 2 ) ) T,

: .ﬁeaﬁﬁg Systems
§Example 1

: Savings = {1 Current D Hrs-Proposed D Hrs)y 7
B Cumrent D Hrs)*Current Fuel cost

18000-13500,
18000

,ﬁean’ng Syvstems
¥Example 1

B * Calculate fuel savings when inside icmp.
is reduced to 20 °C and the operating
hours decereased to 9 hrs/dav 77

000 “urrent degree howrs = ({°I3%3% 235,
= e D) MHrs

R Poposed degree hours = 907504 25,3

oom Thermostal "D
PProprammable Timner AT
Winng and Labor 501D
Total Invesiment Cost 183 1

=074 vear

Dusty Usage { p Smin | Imm .
Water quankily | day | person | 5 e | 13 wer SAM Engineening
Water quantty | year I person) 1023 m’} 348 w' 10HA Est

\¥ ]

1




' -fieating Systems
RExample 2
Assume
R 7 5%% of the water used by shower and
SRR 30°0 of the water used :n wash basm are hot
_ water at 43 °C
B Average water temp 15 °C
SRR Bo: et etliciency B0
‘ B Fuel used Duesel

eat QTY = 107200 Kealvriperson
Diesel QTY = 167200 /{10200°0 835°0 §)
' =13 73 iterAt/person
Desel cost = [373*C 11 Dhter
=173 Ivr/person
olal saving = 11.75+ 1 73

13 5 JDivear/person

av-back = 157133
=111 vears

Suppliers

Al Rawnak hardware stores

Min Wawer saving =]
Water Saving QTY =

* Hotwater QTY = IR 25%755: -3 48" 78y
= 153 ming persen
* Hot water saving = 33%

= 5 36 miatperson
e Heat required 1o heat this water quanun
Fom25°C w0 $3°C =mCp: 7,-T,:

= 5 26100014525

‘ash basin aerator 4 O JD'prece
Shower head 45 Dimece
[Displacement bags 2 5 JD/piece
Special key 30 JD'pece
otal investmemt 151D
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Basic Principles

z

Steam s simply water in vapor state

Heat 15 add to reach the bothing point
¢ Sensible Heald

More heat ts added to convert water to vapor
yJatent heat).

The stearm 5 Saturated

if more heat is added. the steam 1s called
Superheated

=

Provide the charactenisiucs of steam under different
conditions

Temperanae

Pressure

Enthalpn of water (sensible beat)
Enthalpy of evaporation {lawent heat)
Enthalpy of steam (w0tal heat)
Specific voiume of steam

Steam Tgbl_es

47

Since the latent heat is usually regarded as
the "useful energy* 1n the steam high
pressure steam contains less useful energy
but at a hagher 1emperature.

Steam Sysiem

i7
ENERGY MANAGEMENT
SERVICES

Basic Principles

i

+ The steam 1s conves ed Tom the bouler 1o e
end user where heat transfer takes piace

+ The latent heat 1s given up the, sieam
condenses at the boiling pont to hgusd

+ The resulung condensate sull contains the
energy added 1 bring water to bolmg pount

« This condensate must be reused

F —

Steam

Tables

« As the pressure in the sieam boler nses, the
boiling point of waler {and hence the sieam
temperature } also nses.increasing the

| usefulness of steam as a heatmg medium

"+ The amount of heat required 1o rasse waley
to the boiling point (sensible heats and 10
convert 1t 1o stcam (latent heal’ changes

bq
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Steam syvstem Consisis of
» Sieam Generator Boiler)
» Steam network ( prpes . valves . stcam traps»
» Condensate return { tanks . pumps )
» Steam cONSUMIng equiprient’s ¢ sleam Lsers »

Steam System —
Efficiency =]

ermceerieriapasaisir ke S LR b bt ey
» The overall system ¢fficiency relates the useful

work obtained by the user to the fuel burmed in the
borter

= Overall efficieney is the multiplication of the
above individual main component efficiencies

» Small improvement mn the efficiency of each
element can rewlt in significant improvement in
the overall system efficiency

1) Steam Botler ~
b- Blow Down e

RV

* The process of stzam generation results in the
concentration of dissoived and suspended solids in
the bosler water .

» Above s certun level of concentration |, tese
solids encoursge foaming . causing carmy -over of
water with the sicam

* Because thev can be laid down as a scale insade the
boiker , they can cause local overheating which
could lead 10 tube failure.

ot S et { ety y —
e I e Ll I B R L . .
[ = 23 Ll ¥4 Lins L ¥ 1% - e
- - >

Steam System Main - =
Components e Steam Tables .

It has heen discussed i the previous sesson

T H T 4.3
' : 7ﬁ_{h-7l
- - —— V -

55

1) Steam Boiler =

. - 3
a- Combustion Efficiency —
e S re————




1) Steam Boiler =
b- Blow Down <o

Percentage B.D = S1AS2-517100%
S1 TDS level of feed water - PPM
52 Destred TDS level in boler - PPM
« Per 2% reduction of B Drate, ( 03 % v of
fuel will be saved.
« Also substantial savings m the cost of water.
water treatment and chermicals used.

rmennnnnnnse o e e e

1) Steam Boiler =
b- Blow Down =

» It s therelfore nevessan to control the ievel
of concentralion of the solids and this s
done by the process of = blowing down ™

» Certain volume of water 15 drawn: off - and
1s avtomaticalh replaced by feed waiey

+ Thus mamntan:ng the oplunum level of o
dissolved solids  TDS 1 the water insde

1} Steam Boiler =

¢- Reduce Boiler Pressure  [~2=—{

PRonhari ety

+ it 15 a common practice m most industnes to use
higher stzam pressure than required  Hence, fuel
<onsumption 15 hegher than normal rates

= When the bouler working pressure is reduced to
match the desired hmuts

« Hzat input and other losses will be reduced.

« The final fuel consumption 13 mimmized under the
same operating conditions

the hotler
1) Steam Boiler F’-E-j*
¢- Reduce Boiler Pressure -

* When the pressure in the steam hosig inraases

+ The boaling point of watey :increases

« The amount of heat required o mise waky o the
botling point fsenwhic healrincreasss

« The usefil emergy i the stzam latam? heat o
decreased

« High pressure steam contain Ress useful enorpy a2
higher temperaturz

1) Steam Boiler 7
¢c- Reduce Boiler Pressure e

1) Steam Boiler z
¢- Reduce Boiler Pressure <&

» Example Case :

* Boiler working pressure Py - 9 bar

« Total steam enthalpy Q: 2778 Klkg

» Conversion factor [ ;4186 Kl/kcal
* Boiler output m 2500 kg/hr

« Max pressure required Py . 7 bar

...... o e

= I11s casy 10 reduce the operaling pressume of
a svstem in order 10 adyust 11 10 meet the
specific needs

+ The nght steam pressure for a particular task
15 the lowest acceplable

vy
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1) Steam Boiler s

¢- Reduce Boiler Pressure |~

prsiarssnnnns,

1) Steam Boiler —

¢- Reduce Boiler Pressure =S

» Energy Saving = Heat required at 9 bar -
teat reguired at 8 bar

« Heatregquired at 9bar =(Q: " m): f
= 2TTR* 23
4186
= 1659102 keal'tr

« Heatrequredat 8bar =(Q-*m. {

= Pressure drop in steam pipes should he wxien
o consideration hefore suggesung new
operaling pressure assuming Uus pressoe
drop is one bhar. them 1t is proposed o
reduce the hoiler pressure by One har

+ Boiler reduced pressure Py Shar

« Tota! steam emnhalpy 8 bhar-Q; I77 4K g

1) Steam Boiler —
¢- Reduce Boiler Pressure  |wd=
= Fuel Saving = 0384k
+ Annuzl Fuel Saving = Fuel Saving * boler

Operanon Hours
= 037N
= N9y
« Annual monctan saving - Annual fuel saving

fuel cost
= 5491
= 180 1D
fnvestment required =0

1) Steam Boiler =~
¢- Reduce Boiler Pressure ===
» HalrequradaiB bar - 2774° 2500
485
= 68713 kailr
« Encrev Saving = 1635102 - 1086713
- JARFhlal kr
+ Fuel Saving * Inergs Sanvings
Cve*grt
2385

16200 5 B38 - 2763

2) Steam Network “Distnibutio
a- Pipe Sizing

2) Steam Network “"Dismbuno

+ Distribution losses can be minimized by
stalling properly sized pipes.

= Pipe sizing should be done according o
volumetrnic flow rate

» Oner sized means high capital cost and
hagher radiation losses.

« Under sized means large pressure drop

» The efficient steam generat:on 15 ot the
end

+ Steam must be available at the required ume
in the nght quanlity, pressure and copdition

S e
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2) Steam Network “Distributionf==~

v T IRV EVRRCPREP e

¢- Insulation =

2) Steam Nerwork “Dismbutionf=5
b- General Lay-out —

Steam and condensate pipes. valves and
flanges should be insulated to reduce kosses
Insulation can often be apphed casily and
gquichl without interrupting an operation of
process

» The cffect of mnsulation in reducing heat
i losses mayv be estimated using vanous
equauons tor heat transfer.

e e —

» Proper provisions must be made for proper
draming of the condensale

Well 1Ansu!a!ed i{xlmm pape steam mipe at -
bar, 30 m length. can condense 10 kg of
steam per hout

« Although i represent less than 1% of the
carmang capaciy. but itas 1o Llers of weler

that should be removed

2) Steam Network “Distriburionf#f: ) Steam Network “Distnbution (=
¢- Insulation e ¢- Insulation <=
arakessrag i A . Rt vennet- | T ey
Pipc Heatlosses "u:u and W Rk 1 [ntalatien | « Fach bare ‘?-:angc " cquz\a!cra‘. DT imao?
e |
Surface Temperatury C ! hare P
e LLL 1o » Each bare vabve isequnaleni o] 3moof the
s 1 3 TS TR hare pine
1 s ? 148 11 188 3 e
TE “ y 208 26 T ax « All hot flat surfaces of sleam consumed
: -5 i3 140 14 s 54 equipment. o inders. and H W F T should
3 e 1% 348 - B 1) ks l-w lnsu}au_‘d :
. 138 17 ;e L3 s5e " :
. e 4 | e L T 31 ] 128 l !
i ;
2) Steam Network “Distmibutiont=5 2) Steam Network “DistnbutionfF=¢
c- Insulation S ¢- Insulation E,
e ot e T . e S Seerwevvin=ry msmatmaan i + s s ——
Heat Loss = 1O0*{200-26)*) 86*7200 Example
= 107740800 Kealivr Pipe diametes n
Fuel Loss = 107740800 / (10200% 835* 793) Pipe length o0 m
= 15952 Lithr._ S'"f":n:'“’ ffﬁi .
. . Operaning hours * ) AT
Savings =13952%*0.110 Bare pipe Loss 0 W m
= 17547 DAY P Insulabon loss XWm
Investment required Fuel ysed Dhesel

[
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3) Steam Unlization ~& ]

e e L LEPPRRE ST

Afler having efficient steam generation and
efficienl steam distribution systems. 11 15
equally important to have an efficient steam
utihization svstem by,

+ AMaintainng the required temp and press
+ Penodic de-scaling of H E surfaces
+ Proper and efTicient stearn wapping

+ Preventing steam leaks

3) Steam Utilization =
a- Reducing Steam Leaks  [~=

T |

4) Condensate

M .;:‘?:'

vl o
Rttt

oy et R LTI Ven R e s rnananeassseh vkt

+ Condensawe is hot dishlled water

» Rewrning ¥ tw the boiler feed tank will save
considerable amount of fuel

s It wall also save water, the cost of water treatment
and heat wasted in excessive biow-down.

« Sicam traps are used to drain the water from the
pping network and after the steam utilizabon.

2) Steam Network “Distributio
c- Insulation

- f“_-

Y
s e — e el
Insulation materaal 156 1D
Labor Cest 03D
Total Investment 20 1D
Pav-back - ¢ imvertment Saevings -

- M1t T

0 EIvear

Supphers
Rock-Wool IndusTial Co

3) Steam Uulization -
a- Reducing Steam Leaks  |~&=—

= Steam  leaks affects Jdwectiv the  fuel
consumplion <ost, the water cost and the
waler [reatment costs

« Anv steam jeaky ot should he fived
immediately

= The follonang table allows rough estimates
of the steam jeak losses, thus allowsng the
losses o he quantfied 1n monetan 1erms

3) Steam Unhization
a- Reducing Steam Leaks

T ————

! mm hole diameter passing sicam at ~ har
from steam pipe or any Hiting of Hom steam
trap will cause

Loss of 2 kg of steam pev howr
| 1f the svstem operates 7200 hrshy
The encrgy loss wall be 120 JDVYr
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4) Condensate -
Steam Traps ~=]

= There are three basic types of steam traps
1- Thermostatic { Temp Difference
N

2-Thermodvnamic | Change ol the state)
3+ Mechancal ¢ Density Difference )

4) Condensate ;
a- Condensate Recovery -

Condensate temp T. %5°C
Make-up water temp  T; I5°C
Condensate flow rate M 250 Lithr

Bouler operation HOTI00 ey
Specific heat S - Tkealkg °C
Fuel used Dhesel

Fue! cost C "0LI0JD Lu

4) Condensate o
a- Condensate Recovery — |=&=

A AR AR e

C V. Calonfic Value = [0200 kcalkg
d Dhesel Density = 0833 kp/lit
E Boler Efficiency = 793 %
Fuel Cost (sav1 126000000011
uel Cost (saving) 102000 8350 793

4) Condensate
Steam Traps =

» Steam wraps are the key o oplimum seam
and condensale syslem operaiion

« Man funcyons
- Removing condensate
2- Removing air and other pases

e e el

3- prevenuing steam loss

4) Condensate e

» Collexing condensaie mzans ibang the discharpe
from ofe or Mhofe stcam Taps 1Nk A MPME SVEiEm
which cam 1! to the bodler feod-waky ank

« [Uisimporiarnt 1o note that the pping does ot
interfare weth the proper openanon of the sleam
raps

+ The fuel savings resulting from  moaseg

condensate refurn may be estimatad as foliows

4) Condensate ¥
a- Condensate Recovery é
Heatlosses =M *H*S*(T.-T::
=250%1%95.25.¢ "2
= 126,000.000  kcal (37
Fuel Cost =

[N
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4) Condensate

a- Condensate Recovery

4) Condensate
a- Condensate Recovery —

= Water Saving =N *H * Unut Cost
=030 * 7200}
= I8 ID 7 sT

= Total Savings = Fuel Savings + Water
Savings - Water Treatment Cost Saving

= 2052-360~1800
= 4212 ID 7 Y1

T T ———

» Fuel Costisavangy = 2632 MY
« Water Treatment Cost Savings
=N1* H ™ Water Treatment Unnt Coxt

=G230°T206°02D w3

=360 DYy

4) Condensate =2 1) Condensate -
a- Condensate Recovery L a- Condensate Recovery
'Lﬁ{'_'?.’!?&‘ﬂ"f{”ﬂ'??'f‘“t": to ’ srrrrnmreeleslsmssess)y 00000 pe——— . v - - - *é
Suppliers Imestment required
SAM ¢ Sprrax Sarco 7 Steam traps Supits 600D
. - Pipes and fiflings g5C 1D
EDT(TLV) Labor cost 256D
Towd Imvestment 1700 1D
Saaple Pav-hack - Imvestment Sevames
= 1700 S22
=i 4 vears
=47 EFre
Steam cost e Steam Cost .
_____________ PRPRT TR . L I e arr——— s ——ean 1 AT T e m————

With Condensate recovery
Required Heat = {20477 100G}/ (4 186)
= 489178 Kcal
Fuel Quantity = 489178/ (10200* 835 793
=724 Liter
=724*011
=T7964 1D

Fuel Cost

+ What 15 the cost of ] ton of steamn at 7 har
withoul and with condensale recoven”
Latent Heat = 2047 T kJ'Kg
Sensible Heat = 721 4 kIKp
Total Heat =27691 &3Kg
SH =26%

LH =740
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. 37
Overall System Efficiency <5
1Y Basler Efficieny
Stack Losses 2(%a
Sheli losses 3%
B D Losses 3%,
Net Bogier Efficieney T4
2) Drsmbution
Insulation 6%
Net Dismbunon Eff - 944
L——':‘ﬁ
Overall Svstem Efficiency e
1) Bouler Efficiency
Stack Losses 139, 20%
Shell losses Pt 3%,
B D Losses % kA

| Net Bonler Etficiency 81% T4
I 2) Dustnbubon

Insulation 1% 6%
Net Dismbunont EIT - 96 94%s

[

Overall System Efficiency
Fuel Savings = {1 - (old EfT/ new e} *100%
={1-(0575/0716 1"100%

=197%

“avnam

Steamn Cost b

«  Without Condensate Recoven
» FuelCost =i07741D

+ incaseofHF O

o The cost wiil be 4 & T with revovens and
& 21D withou! recovery

¥
Overall System Efficiency =
3 Uthzation Ffficiensy
H Exchanger fosses 3
Leak e
Net Unhizanon EfY 950y
4 Condensate Losses
Assume 5 %o recoven 3%
Condensate Efficiency 87
Onerall ssstem off < 0 74 G OS85 930 87
= 87 3%y
Overall System Efficiency
mmmat a2 04l e - T ———————

31 Unizavon EMcency
H Exchanger losses g 3 3,
Leak I* .
Net Unhzation EfY 9Tr. 955,
4) Condensate Losses

Assume B0 % recoveny % 13%

Condernsate Efficiency  95%» e,

Onerall svstam ofF = 0 81° G 9620 9740 95
=T16%

M
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Use Fuel Additives and fuel conditioners

Insulate 2l steam and condensate pipes,
flanges and valves and all flat hot surfaces

» Control the pressure and temp according 1o

the process requirements
Clean the heat exchange surfaces

Recover and reuse all condensate where
possible

—
. "2
Energy Conservation Measures |5

Energy Conservation Measures |-

» Boler Cabibranon
+ Bouler cleamng
+ Improve Bosler Shell insulation

« Conuol and Reduce Baler B D According
o Manufacturer Recommendanoms

» Heat Recoveny from B D Chemnen and amy

« Reduce Boiler Pressure where posastle

waste heat source !

Por 10 °C of temp rarsing of feed water
1.5% Fuel saving

Per 16 °C of tsmp raising of comb. arr
&t 55 Fuel saving

Par 20 °C drop in flue gas temp
1.2%% Fusl saving

Per 2% of blow down rake raduction
032 % Fucl saming (FW T 70 °C)

L

[ .
| T
R . "3
Rule of Thumb | Energy Conservation Measures |~
T - R | — PR |

= Prevent burmer rachvahing

» Revoner the Dash stzam

» Check and Maintain ali slcam raps penodxain
» L'se cheap onorpy sowdces

Steam System

| e

EXD

10

[



« This steam 1n tumn condenses in the

aimosphere W0 form clouds of  steam
wherever hot condensate 1s discharged

= The designer should take account of tus
problem and ensure that flash steam 1s
collected for re-use

« Flash steam 15 as useful as steam fTom the

4) Condensate — 4) Condensate =
b- Flash Steam === b- Flash Steam -

« The previoes sechon conadared the cofiaction of
condensale and 1t returm W the hoenler fend ami

s However 11 3id oot 1ak o nke sioount the
important problem of fash sicam

» The preblem arises from the relabveh gk
wemperature of condensais

» Sicam a1 Thar | wslicondenk wwak a7 C

e The excess temp prov:dex the heal whuh re-

boiler ! oaparares part o the wondemate W foem ek
stcam
L |
1) Condensate = 4) Condensate =%
b- Flash Steam -~ b- Flash Steam —

TG Case

= The condensate at steam twrap under a pressure of ©
bar gauge will have an enthalpy of saturated water
of TII 4 kFkg

* Ar 0 bar gauge (100 “C} the maxamum enthalpy of
saturated water 15 419 04 kJ Ke.

¢ The difference 15 30236 K1 Kg

» This ifference is the surplus enthalps whichs
comveried to enthalpy of evaponation in
evaponaning some of the condensate

< Using it will reduce siearm Jemand

» {t wali prevent the loss of ueaied waler and
elrminate the clouds of white vapor which
are oflen svnony mous wWith sleam wasie

4) Condensate = 4) Condensate
b- Flash Steam ke b- Flash Steam

+ The amount of flash steam formed al
atmosphenic pressure each hour s
I000*0134 =133Kg

» It must be realized that if the steam trap does
not discharge condensate as soon as it fotms,
some of the sensible heat 1n the condensate
will be given up before 11 passes to the lower
pressure and so the amount of flash steam
will be reduced.

* Al atmnosphenc pressure. stz has an ssthadyy of
capontonof 22575kl Kg
« With 302 36 k] K2 anmlatic, the amoust of flash
steam formed at smnonsphorw presware Soen sach
kitogram of condensaie 18
= (U Kg- 22K Ke i Kg
=0 134K
« If the plant 15 using 1000 Kgh of seam $r
indirect heating (thru hea! exchangers:

11
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GLOBAL SUCCESS STORIES

Total Saving Percentage 36
i Total Monctary Savings USD 293,000
! Investment Pavhack dightly more than one _\'ﬂr‘f

T
T Mg

REGIONAL SUCCESS STORIES GLOBAL SUCCERS STORES

ral Aluminum Factory - Lebanon: eeling University - LS4

i Total Saving Percentage 25.5%
Total Monetary Savings USD 135000
Investment Pavback Less than ope vey

Total Monetany Savings LUSD {08,000

Investment Pavback Sveary

REGIONAL SUCCESS STORIES REGIONAL SUCCESS STORIES

K Ceramicy - UAE:

eraton Hotel, Abu Dhabi - UAE:

Total Saving Percentage 10%
Total Monetary Savings USD 737,000
Invesiment Pavback 1.5 Years

Total Saving Percentage 37.6%
Total Monetary Savings USD 150,000
Investment Pavback 29 Years

(c
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JORDANIAN SUCCESS STORIES RECIONAL SUCCESS STORES

dan Ceramic Company -

M rab Coniractors Medical Haspital - Egypt:

Percentage Achieved 12%

M Sa D $5.000 Total Saving Percentage 38.9%
Monetary Savings 58, . . .
b - £,
ent Pasback less than one year Total Menetary Savings USD 135,000
Investment Payvback 2 Years

iR Monetary Savings

JD 10,900
festment Pavback 1.2 yvears

JORDANIAN SUCCESS STORIES

Mill Ca.-

Saving Percentage 6.5%
Total Monetary Savings JD 96.000
Investment Payback Less than one v

JD 26,000
tmeat Payback 1.2 vears

| Monetary Savings

Li
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Coflee Break

11:00- 11:18

s,
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i Total Saving Percentage 36%
# Total Menetary Savings USD 193,000
¢ Investment Payback slightly mere than one yea

REGIONAL SUCCESS STORIES

ral Aluminum Factory - Lebanon:

Total Saving Percentage 25.5%
Tosal Monetary Savings USD 135600
Investment Pavback Less than one Vel

REGIONAL SUCCESS STORIES

A.X Ceramics - UAE:

Total Saving Percentage 10%
Tatal Monetary Savings USD 737,000
Investment Pavback 15 Years

T

GLOBAL SUCCESS STORIS

Tatal Monetary Savings USD 108,000
Investment Pavback Svyeans

——

Total Saving Percentage  37.6%
Total Monetary Savings USD 150,000

Investment Pavback 29 Yeans

(%



IORDANIAN SUCCESS STORIES

dan Ceramic Company .

Bre Percentage Achicved 12%
B! Monctars Savings JD 55,000 "
nt Payback less than one year

JORDANIAN SUCCESS STORIES

S Percentage Achieved 19%
Bl Monetary Savings  JD 10,900

tment Pavback 1.2 years

JORDANIAN SUCCESS STORIES

s San Zara S

ng Percentage 20.5%
| Monetary Savings JD 26,000

tment Payback 1.2 years

. . e M‘-—-‘—..__"
Ten— T R no |

REGIONAL SUCCESS STORIES

rab Contractors Medical Hospital - Egyya:

Total Saving Percentage 389%
Total Monetary Savings USD 135000

Investment Pavback 2Yeann

%
>
7
7,
e
)
[}
it
7]
h
N
8
~
i
thH

ng Perceatage Achicved 17%
JD 11,669 - - .
1.7 Yeans

tment Payback

JORDANIAN SUCCESS STORIES

Keena H, Mill Co:
Saving Percentage 6.5%
Total Monetary Savings JD 96,000

Investment Pavback Less than one ¥

(Y
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Coffee Break

11:00-11:18
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EMS

\--{"ﬁ:i*‘s\re We Here .....7

How imuch are you paying
for energy ? EMS

60% of executives aroun
world take energy bills fo
granted..... .. Do vou?

wm\hopkgenqa

Second Day

9:00-11:30 Heating & air condit
Naim AwadabBah

11:30-11:4% Coffer break

11:45-13:30 Electrical motors
Amjad Alkam

i 13:30-14:30 Lunch break

14:30-15:30 cont. Electrical molors

15:30-16:30 Energy labeling
Nedal Zatari

16:30-17:00 Discussion and test

WEPIA a

i S et g .

e 4tk e

gl it i i

Energy Conservation
and
Management Program workshop

= D i
w e

LF e LR

- ~—. How much are you
paying for energy

——
Workshop Agenda E
- EMS
First Day
8:30-9:00 Introduction
9:00-11:00 Encrgy Conters ation
Eng. Nedal Zatari
11:06-11:13 Cotlee Break
bO11:15-13:30 Lighting System
' Eng. Amjad Alkem
13:30-14:30 Lunch Break
14:30-17:00 Combustion & Steam System

Eng. Naim Awadallah
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Energy Conservation Program

» Business objectives
o Energy conservation barriers an
o Energy conservation and environme
e Rapid energy audit

e Success stories

Energy Conservation and
Management
& The oil embargo of 1973 - 1974%

o Encrgy efficiency is very cost effective whe
1o other suppiy options {The cost of conservi
represents 25%, of the cost of generating it)

¢ Onby about 65% of the world primary
consumption is delivered to consumers.

o Ivis also the cleanest option

abav t

wry €NErgy efficiency . wme a
T EMS

BENEFITSY

» Operating cost reduchon

» Equipment ophimization

& Reduccd maintenance tme

& Capital cost reduction dunng design stage

o Asmifability of more power to be utiltzed for h
peoduction levels

» Enhancement of the environmental image of the
facihiies

Energy Conservation

EMS

po—

Business Objectives

The “objectives’ behind any b
e Profits increase,

e Market share expanding.

e And competitiveness enhancement.

For which, one of the methods to incre
profits and reduce cost s ene
management and energy consen ation

=

EMS

~THE CONCEPT
OF ENERGY MANAGEMENT

355

¢
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EMS

Energy Conservation

Enviro

~ Energy. Conservation
& Environment

e Saving 100 Iier of Dresel wall ¢
gases emussions by 273 kg COZ eg

o Sanng 100 KWh wall reduce the gases
emusstons by 100 kg €O egurvalent

-—h‘-_‘—_
—

Energy Consérvation Program E
o EMS
sEpergy Audit

@ Energy Saving Studv (Report)
emplementation
@ Project Management & FU

BARRIERS

o Lack of know-how & 1echnolog®
ex:sting situation & proposmng the !
economical measures

® Availabliiy of man power

& Other business related pnonues

» Guaranieeing the savings

e Funds availahaim

‘Energy Conservation
& Environment

Energy conservation walks har
the emvironmment profection. srxe
consenvation wili

» Reduce hot gases ecmissions
e Reduce walter vapor in the atmosphere
#® Reduce wasie weter

e [mprove working environment

® Reduce hazardous and hot surfaces

EMS

Energy Conservation
Pr

am
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InEdduction

® Energy Audit means .

] Undertaking a comprehensive
conservation Evalvation” o
establishment under study, then ¢
up with energy saving opportunit
and measures

Energy Saving Measures E

procedures to reduce chient’s e
consumption and cost based on
observed opportunities and actual
measurements

AcuomrPlan .

o In Commercial Building the _
consumpton would always be ¢ ted 1n
wxlianes that supports the services,
HVAC sysiems, boiler, cooling towers,
lighting, waler usage. etc...

o Daia collecied would be on theo capeci
working hours,  occupancy of the facil
design cnitena and optimization

The Goal E

EMS

® Will be 10 develop a vanenNg feasible
energy  conservation pro
recommendauons ammed at n
the annual encrgy consumption
possible} increase the efficiency of
estabhishment without loss of comf
10 the occupants operation

\\\7 E
AUDIT PROCEDURE

e Action Plan and Walkthrough
o Measurements and Data Colleetion
s Monitoning

o Anahvsis and Calculanions

o Investment and Pncing

® Measures Evalustion

e Audit Report

® Presentabion




EMS

A Losses in Auxilianes suc

- N insUlgted Bot cold pipes or

-z Szam: icaks

-3 Condemsate dramn o sewer

- Sxcessne Lighting

i - & Lt dneccuped area
% Exernal (ghtng

——
—

WALK-THROUGH

EMS

The purpose of the Walk-through s ; VIsitis
famibarze the tcam with the estably
zones. crculation and general environm,

e Upon arnsai. your counter-part may bne

I the plan for the dav and routing .

@ Tour starts from the services departments

j e During the tour note down process deta
i remarks, observanons and gueshons .

& Fiill in the Energy questionmaire

VALK-TH H
PROCEDURE

Semings Pressuce - Temperatuse

[ ]

Mot sticams

WALK-THROUGH
PROCEDURE

& Old Faculities also have hidden
saving potential. Make a note o

check list form

-~ WALK-THROUGH

[Z

EMS

“WALK-THROUGH
PROCEDU RE

be 1n three maln areas

-4 Losses in Aucharies
-B Main Energn Consumers
- Old Facilines

& Observations and 1deplified oppoMgQulies may

EMS

PROCEDURE
B Main Encrgy Consumers axch

+

)
"
¥

Vo
o o O A b

EMS
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Analysis of Energy Bills E WALK-THROUGH FINDINGS

~

“ - Determine maimn arcas with ghemgiental and henoe
Moty Erengy Conmavpion * 355 §§7

521 a priond hd

o008 —— —— - Use sour Check List 1o spot enetgn mea
o ey
sceone - P R ~—— Determuine cssential dala and measurements
i o - / . confirm savings potentials
I i,
| P ACER08 S — - Sect an action plan foe prelminan mezsaramesnt
e - . 14 :
rawe - data caliection
e

Jen Feb Mar A By A b Aag Sep Dot Moy Dex

ONTSITE MEASUREMENTS AND E .
MS

g Sectorial Distribution of Energy
DATA COLL'E-C_TION Conwumption { KWh)

» The purpose of the "On-Site m
and data collection” 1s 1o confirm
quanulby the saving opportunities 1de

g dunng the Walk-through

o The data coliecuon should be as precise
possible and as etficient as possible

— a MEASUREMENT AND DATA E
Energy Bill Sectorial Distribution COLLECTION
gy EMS :
o This include measurements Inghsire
savings, and searching for new |
® This step would requure mostly
measurement, and quanhifving mea
® Proving the savings to client based on
- Theoretical method { scxentfic oquatons
- Actual consumptron produchion

5% 1%

B Lighting B Kitcken and Laundry
8 Air Compressor I Cwilter
& Heaters 2 Others
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Mecasures Evaluation EMS

o Use the figures produced fro
measurement and data collected
& Do NOT introduce non realistic facig
vour caleulations and assumptions

‘Our actuat

® Do NOT over estimate the savings

o All measures should be evaluated and
approved as follow:

® Imesmerd o oneaal pant of the Mg
wporiant as the savings calculated AU
mciwded all mvestments reiated ta the measu

» Imital cosis ( Equipment. instrumentatiod
dutics, transportalion, BCCESSSOrICS,
mstallanion. labor, commissioning)

* Running costs ( Spare Parts, maintenance, al
utilines }

Monitoring

& The measures with hagh pottagal, desenes
10 be moniiored for a periad of
deemed necessan, 10 confirm pat
tehavior and notice any changes as
with out side influencing factors

o Monstonng should cover all vanabies &
could influence consumphion

ANALYSIS AND
CALCULATIONS

# The Propose of this stage 5 10
findings. complete the calculan
calculate the energy savings

e Fnergy Saving will he the &iff
between the current consumplon and
assumed consumption afer smplemnentu
the measufe

'MEASGRES EVALUATION
PROCEDURE

® SAVINGS AND INVESTM

e ABILITY TO MEASURE AND
AVAILABILITY OF MEASURIN
INSTRUMENT

e TECHNOLOGY AND KNOW HOW ?

e SPACE

o IMPLEMENTATION

® FOLLOW - UP
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- Aundit Reporxt

=

EMS

it =
Audit Repoxt

EMS

» Energy Saving Measures -
- Summan descniption
- Maasurernent & Reference Dau
- Analyvsis
- Recommendshions

- Savings sampie calculation
¢ Energy conservation theory

SEQUENCE OF THE

PRESE 'ATION -
e EMS

e Introducuon
® Energy Audit Findings & Resuits
® Energy Conservation Proposals
e Audit Conclusion

® Discussion
¢ Audit Report Subrmttal
® Minuets of Meeting

— -

Pay-Back Period

¢t 15 the ume that should g
operauon of measure producing 0
to re-imbrues the imoestment

® Pav-back penod ivears: = Investment’
Savings it one vear

e consider leasible measwres those with pay
back penads of hetween ¢1- 24 months

Audit Report

A tpical audit repont shoul
following sections

# Introduction

» Execuine Summanry

® Estabhishment General Descnpuon

e Energy  consumphion  anzhsis  arlg
breakdown

Auadit
Presentation
e EMS
¢ Once the audit report 1s compid reads

to be submutted 1o Lhe chent. set 3
place for submiting the audn
performing the presentauon




7 Success Stories
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