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uni 1
ANTIOULVIIRATIVEDULALTUTDINITAIANITWAINY

AULTBIIUABNTYUIUNITATIVADULALTUTOY LATAIINAINITONALANTUNITIUUTIY
UszasAuazid muneuedn1snsIvdeuLarsUTesluiy “aussaus (Competence)” UBaYAAINT

v
[ (% 7 v v

m%mﬂumzmumsmwaauLLazsusawmizmumﬁuwmmaz@'ﬁha;:iszi’wmzyms dUINUL

e

ah
A

=D

b

' [ '

D.

1 =

AnafsdsassouziidungAnssuduyanauazanssousiiagiioummamnsolumsinszaunisol
INMsANY M3viau msfineusumdngasangg MAutes waznsnsivaeutaziusesly Tudi
VBIANTTOULAUNGANTTU (Behavior Competency) Tafimun 48 7.2.2 11m5§14 1SO 19011:2011
MMvuAlEnTIvdeULaESUTeN asfinginssudwioludsemiumansaaeuuasuses

a = = Yo
® 3IFTYIUTTIU LNENTTTU YBRT EQﬂLLUﬂLLUg

Ualanine senfuilsmnuaiiuvasiou
aa o

fidgauglunisdoans ya 15

< 1 o

WuAuYeEaLnn

aunsadlasesne lalagdng

asausuimiiuanmuandeuiinegiulussdniimdgnasiausudulaneg

fanusnug fnnu NziEemAmneuignaes amniuias

nadindula ansnasunanInsIUsEliulagefenang LN IR TIUTEIY

ausasiiunisnsiaussiulamenues danududasy

1.1 aussauzdmIugnsIvEauLaiuTes

UBNINANTIOULAUNGFANTIU (Behavior Competency) ﬁﬁmum‘lmamm'ﬁgm ISO 19011:2011
Andnfsteiu nsuammdsnunaunuuazeynsndanuldimunaussousdududmniugd
widludaeuuaziuseafiudin 4 fiu (§UA 1-1) iieliuladnnsasivaeunasiusesmsinms
wdsuaungrunefinnududedie 1WuflsouureslssumIuALLALIATAIUAN ANTIAUE
THRVATORTHIEE oty

® aussnuwudn (Core Competency) viinedis AndnwamdmgAnssufinmundunadnuas
M0 RTIFR VLA FUTS WiellunsndenasuAieuwasngRnssuiiiielsyasa
iy lngaussaugnandmivgnsvaeuLayTusesUsEnausie
O M3anadugns (Achievement Motivation)
O MIAENAMUTEIYIUIUDITN (Expertise)
o MsBailuaNgNABIYRUSTTULALITLTTIU (Integrity)
o @ A
O MIvuduny (Teamwork)
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®  AUIIOULNITUIING (Managerial Competency) Bineis Qmé’ﬂwm&%qwqaﬂiiuﬁﬁwum
dunaidnuazinvesninasunazfusesiiisafuauiuuimaiearsanmiy
HraaeuLaTuTeTiiiusEanSamgsgn Tasaussaugmanisuimsdmivgnsiaaey
wawSusensznausiy
O an1zgi (Leadership)
® aussaUEMINAaL (Functional Competency) vanefis Aadnwaizidamginssudiimun
\unudnuazmvesinssasutaziusesiidndunazasnadesiunuvesinsioaoy
uazfuses Invanssaurmthilnudmiugnsiaaeunasusesseneuse
O NSARILATIZI (Analytical Thinking)
O MIINLKULAZNITIANIS (Planning and Organizing)
o msauiiarnsaseduius (Providing Knowledge and Building
Relationships)
® aussauzdumada (Technical Competency) anefis Audnuazidennuiiidmue
Hunndnvarsiesnsisaeutazfusesiisniunazasnndesiuuvensisaey
warsuses lagaussaugamumadadmugnTivaeulayTuseaUsEnausiy
0 AMufiAeIfun1sinnis nseysnEndenu Lazn1sAIIAIULALTUTEINNS
ANTNEINUY

aussauzdmiudnsIvdauLaziusas

AUTTAUL AUTTOUL AUTTOUL AUTTOUL
wan A15USHNS wifey fuwmaiia

g

o mujwadugns @ annzfin ® M3ARIATIEN o muiifuniu

L mié"aaumm ®  ANFINLLNULLAY A3IANTT N9
Feavgluay NSINANT BUTNYNAINU
01w o nslvinuiuas wazn3

o nsBasiuluany NNTATISEURUS AIIFTRULAY
QNADIYBUTTIH Fuseamsda
WAZIILTIT AIINHNU

o nisviuduiiu

JUN 1-1 aussourdmTugnsIvdouLazTuTes

8 | Alanis@inausuiinsavaaulia:Susaun1ISYANSWALIU



1.2 A19SUNYANTIOUSLALSLAUANTIOULNADILERNS

1.2.1 @ussauzuan (Core Competency)

(1) M3wadugmns (Achievement Motivation)

el AugaiuasyJURnulie saufinisadeassaiauinaursonseuung

UfURMumutmng Tnowdadu 4 szau leun

(%

® Sypull

(%

A0V

(%

® LAV

afl

=) =
wW N

® Sypuil 4

uansmuneeulunsUSURnNN AR
LAASALTIOULTEAUN 1 warau1savinaularaumutvuenIngl)

o ) aa ° A P Ao
WARIANTIOULITAUT 2 Uazaunsausulgeisnsvine welilinaaund
Yse@NSanunnd ey
LAAIALTTOULTLAUN 3 WATAINISOAINUALUITUIY SIUTINITHAUIU
wazanunse iduugdr Usnwungauls

seuanTIULTIfeIUans: SEAURTIUIEYNIS AusTULIEAUT 4
syiufeiingms  aussougsEAu 2

WUININTASSENTTOUL: Uszaun1salannn1svinau (On the job)

nstuduanssaue: [ H15IHANUNIATINEOULAETUTEN

O Wumuiuiinveuvesdfiyarafivetunsiloufivsnsisdeu
guduausoue

2 nsdEuauearylusuetn (Expertise)

e Anuvuee auls lsiediay Wawdneam anudauaunsaveny
lumsuuinu  memsfinw Auat manudiauinuesedisieilies anradanimuuTulss
Ussgndldanuiiddinnisuazimaluladanneg driunsufifaulifenadugns Tnewvalu 4 seiu

loiwn
o syiuil 1 uamsmwaulalunsfauinisiiauresmuleakazfnniuaiulneg
fifededumevhiuvesmulpenssuaglnedon
o syfufl 2 wansanssauzsEAUR 1 uarianuiluivinig uazinaluladlne Tuann
CREIEN!
o syiufl 3 uansausaUEsEAUT 2 uaranansaauInsu dhyaradu wazdieven
Au3 Inents vsemalulaglniqlunisusuldiunisufinau
o SyfUTl 4 wansaNsIAUETEAUR 3 wagAnw sueuwedliiinng uazanudeIvey
Tusuanniu wavanunsaliduine uugild
syiuansIUzTIdean: SEAURTIUEYNIS AusIULIEAUT 4
syufetgms  aussaugsEAUT 2
WIS NANTTOUE: Usraun13aia1nni5via1u (On the job)
nsguduaussaue: [ #1sanAnaudi HanunNInTIdEeuLaysuTes

O Wumuiuiinveuvesdifiyanafivetunsiiouiivensisdeu
guduaussous
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(3) N158a0uluANYNABIYOUSTINUALATETITU (Integrity)

18 N1sATInuLazUsENg AU URgNAR LMINZaNTaRIUYANNY NN LAY
ANIEIINIIETIIU MaBRIUVENLWIVNS AT AN Vsiliiesisssnwndnaesuieendn lneuvaiu 4 seiu
oun

® sSyiuil 1 TAuTedndadse
o A o A A vy
® SyAull 2 wamdANTIOUYTEAUN 1 uaslidavivetials
o A o A = O 1Y
® Syiull 3 wansANTIaUSEAUN 2 warBadulundnnis

® SYAUN 4 UARNANTIOUTEAUN 3 UALSITIANNNABY

sefuanssausTifeILand: SEAURTIUIYNT AUTIOULTAUT 3
syufeingms  aussauzsEAUn 3

WUIVNINNTASNANTTOUL: Uszaun1saiannn1svinau (On the job)

nstuduanTTaue: 0 #1500 INaIIUNITATIVADULALTUTON

0 nsuiRumdanuvauulazeyinundanuiiazasiaaeududu
AUTIOUTNIUNTLUIUNTNUNIUTIEIIUNANITATIVABULAY
Suses

0 nsuimuIndinunawnuiazaysnenasudsaanu Aniu
P04l3HUAIVANLAYDIANTATUANFBHANTNTIVHOULAL TUTOS

(@) A5YIuduRy (Teamwork)

L]

@

au¥ntudiy Tlelugueimthiiy wagauaiunsalunisaiisuazassdnuiduiusnmiuan
Tuiin Tnoudadu 4 szavu leun

neds Anuadtanzinusuiuiou Wudniduiinen Wnedufiatgusdu
¥n

o suuil 1 vhawlunthiivesnuesisuinveudSawasduRus fuLauIILaUY

® SHAUN 2 uamsaNsIaursEAUN 1 waratuayunazlviausiuidelunsiauiuieu
IUIU

® SUHUT 3 LAASANSIOULISTIUN 2 wassuRlamnuiiu Useanuau waras1sussennia
Tunsvhaududiule

a v o | a Yo e ° A | a

® SHAUT 4 UAANANTIOUTSYAUN 3 wavatiuayu Yiemae WiAUTnwwuzl iieusuiy

Waliyinausiuiuinauegealiuseansan

sydvansIuLifesuans: SEAURTIUIYNTT Taifvun
syiufiedtungms  aussaussedudl 4

WUINNNNSES19ENTTOUL: Uszaun15aaInA1SYinau (On the job)

m3tuduaussoue: 0 A9SUIHANIUAITATIIAO UL TUTEY

0 Juanudvilavevvesifiyanaivedunzifouiaznsiaaau
guduaussouy
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1.2.2 d1390ULN13UTNNT (Managerial Competency)

o

(1) amaw:i 1 (Leadership)

wuneds Arwannse lunisilufuihfineu dvueiienis wWinuie 38015y
o ) a wa v = I3 a a ) s ) o v
nsthlugnisuunulaegenuiu wuussansamuasussaingUssasd nsuvadu 4 seau loun

e szaun 1 andunuluriusuiiavey wagnisuszyuldegralivse@nsnaimannis
goNUYDITIUY

® suiul 2 uaaaussauzseaui 1 waziduduilunisviiauresnguuazasis
Usgangnmnsviaueangy

® Syiuil 3 uaRdANTIaULTEAUN 2 uaglvimIguanazatiuayy Yiemaeinau

o = % tdl v = o v v
® Syaufl 4 uansaNsIaussEauN 3 waglinisuinen wugdh widguinavadieniu
Waslulraundnluiiy

syduausIIULTideuans: SEAULTIIYNIS ausIAULTEAUT 4
sgaugieddiugns liivun

WUININNTAS19ENTTOU: Usraun15a191nA15Y119U (On the job)

nsBuduaNTIaUL: 0 A95INA9IUNITNTIDERULAL TUTON

0 Juanuduliavevvesdfiyaaaiivetunzilouiiaznsiaaeu
guduaussnue

1.23 aussauzntifien (Functional Competency)

(1) n19AAILATIEN (Analytical Thinking)

nefs Anudnlatazansalngianiunisal Ussihulam wuafniiiendes
nsuenuezUssinududiuges Wuduneu waznsdanuianyegialuszuy Wewseufisundyy
finee) muduiusvesUssnuiiiansaniudditnszi amsuazranseufiintu lnsudadu 4 seay

Teiun
o A < ¢ A & 1
o szaun 1 uwenuezuszaullym anunisal nienuseniludiugos
® SEAUN 2 waneaNsIauEIEAuN 1 wasitnlapuduiustuiiugiuvesdayninieau
FadduanudAnyvesussinusneLasAuaIme
® SAUTI 3 LAAIANTIOUETEAUN 2 wazltnlamuduiusndudou vesdaninienu
TNNTOU HUIMNNITIATINNITNBINTOURIAR Neuf] wareIrnIug
o A o A a ¢ A I3 v A
® SZAUN 4 LAAENTIOUTITAUN 3 hazau150As1zi Wenleslsziau Jaded
\WNeTRIsoMNUURT UG Ul
STAUANTIOULTIFDILAR: SEAUETIWIYNIS AUTTOULITAUN 4
STAURMIEET NS ANTIUETEAUT 2
WUANINTASNANTTOU: Uszaun13ala1nn159191u (On the job)
nstuduanssaue: 0 H915Na9IUNITATIVEOULAZTUTOS

0 Juanusuliavevvesdfiyanaiivedunzilouiaznsiagau
guduaussoue
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(2) ATINBHULAZNIFAANTS (Planning and Organizing)

ynefs avuaasalumsnasuegnadussuy gniesmutuneunisdariunuay
Tngiduanudulldlunisilulde awnsadldufialdadaauesdodmaunsvosunuiiangd
sdeAuannsalun1susnisdnnisiasans Aanssudne luatiusuiinveulvanunsaussy
Whnneiidvus Tasuvadu 4 szdu 1éun

[

® Syaufl 1 5 WlAnaNNISUAITINUN LY

Y

o suufi2  wansausToursEAUT 1 uarnisimuadivine Jnsieianinwiade
29AUIENOU wazdnaRuAINEIALY NuHLMsALTuMsIuS Rt uRey
N19279UNY

o syl 3 wansaussouzsEAUfl 2 waginaunuvdedoulssunIefanssusiieg
Alarududouieliussanuunuiiivunl s

o SuiUfl 4 wansENIIOUESERUT 3 waziruakuImslunstestulagw waraiuse
aransaiaratieafudgn/ausaznisumadendmsunisdesiu/
LLﬁlmﬂinlﬁLﬁﬂ%u wazMITTURATT R

sydvaussauEiFeuans: FEAURTIUIYNIT AnsIAULTEAUT 4
syiueituigns  aussaugseAUTl 2

LUIMNINTEISENTIOUY: UsgaunisaiaInnisvia1u (On the job)

nstuduaussous: 0 #f1sHaNuNInTIvEeuLazSuTes

0 Wuanuiuiinveuvesdfiyanafivetunzideuiiaznsiaaay
guduaussaue

(3) msliiruiuagn1sasdusius (Providing Knowledge and Building Relationships)

= o a a0 @ & a o a 9 =
nnedls dngAnssuiiyeiu wazaslanazigidynyt winnssy walulad Ay
Weyay wavatAnNiae Tdaasy advayy wasinundusenaunis viewn3evi iieates
ArvaluiunN1Tass W wazdnwianuduiusduddugusenounts viensedny el
Y A oy - ] Y v o
AUsEnauNTs nsetneviseynaadu lnsuuuly 4 sedu laun
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© Retrofit Isolation Methods
@ Measures “only” the effect of the retrofit
@ Option A: Key Parameter Measurement
© Option B: All Parameter Measurement

@ Whole Facility Methods
@ Measures “all” effects in the facility
© Option C: Whole Facility
@ Option D: Calibrated Simulation

o i —
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Energy consumption vs Production
Specific Specific
Production Energy Energy Production Energy Energy
Week (tonnes) kWh (kWhiTonne) Week  (tonnes) kWh  (kWh/Tonne)
150 140736 938 17 40 FT788 1945
2 80 103223 1290 18 59 82711 1504
3 50 90764 1513 19 150 124317 829
Tt — (2] % (s s
5 170 146600 862 57 10 08041 G827
6 180 154773 8E0 53 70 39115 1273
7 120 121575 1013 24 170 136388 802
8 40 81436 2036 25 190 141428 744
(] 110 115586 1051 26 160 141215 ga3
10 a0 105909 1977 27 120 118319 986
11 40 83916 2088 28 190 152506 803
= =3 T =on 29 80 99267 1241
13 140 | 125892 899 = T 100
14 155 138966 897 a0 70 91262 1304
15 165 138922 848 a3 50 78048 1565
16 190 152274 801 34 155 128005 375
17 40 77788 1945 35 167 131003 784
18 a5 82711 1504 36 120 109192 910
0 = A L S, o T {gh

Energy consumption vs Production
Energy consumption plotted against production
will produce a straight line of the general form:

y=mx+c
or
Energy = slope x production + intercept

where

c = the intercept (no load or zero production
energy consumption)

m = the slope (characteristic of the system being

analyzed
© alyz )

S— R g T, e {Lih
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Energy consumption vs Production
g ™

180,000

160,000 - e

140,000 - *,'0‘ . *
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2 80,000
w
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0 50 100 150 200
Production (tonnes)
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Energy Intensity Time Series Plot
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Energy consumption vs Production

Linear Regression of Entire Data Set

p ™y
180,000
160,000 y = 476.48x% + 59611 ~
140,000 R’ = 0957
g 120,000
= 100,000 -
=
T 80,000
5
B 50,000
]
40,000
20,000
. : ;
0 50 100 150 200
Production (tonnes)
b < ;
Y = b

Energy consumption vs Production

U we are able to determine a functional relationship between
consumption and production by means of the linear regression
tool.

U Place a trend line on the scatter plot, and to show the algebraic
expression that defines the line.

Electricity consumed/week (kWh) = 476.48 x production (ton) +
59611

There are two parameters in this model:

U the slope, 476.48, represents the incremental energy consumed
per ton of production;

Q the y-axis intercept, 59611, represents the “no-production”
energy consumption, or base load

o - —
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Coefficient of Determination, RZ

@ Total variation is made up of two parts:

SST = SSE + SSR

Total sum of Sum of Squares Sum of Squares
Squares Error Regression

SST=> (y-y)'| |SSE= (y-V)'| |SSR=2 (J-y)

SST = total sum of squares / Measures the variation of the yi values around their meany

SSE = error sum of squares / Variation attributable to factors other than the relationship
between x and y

SSR = regression sum of squares / Explained variation attributable to the relationship
between x and y

@ — — —Emm—— L@h
Coefficient of Determination, ~2

©® The coefficient of determination is the portion of
the total variation in the dependent variable that
is explained by variation in the independent

variable

® The coefficient of determination is also called R-

squared and is denoted as R?

R2 :SS_R where OSRZS’]

SST
o — e b
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RZ=1 0<R2<1

R? =1 is a perfect fit
R? =0.75 or more ....a high degree of confidence in the energy performance model

e generat(id_“* — S — L@h

Target Electricity Consumption
AaYANTHAA AaYANRIUY = 1,807,679 kWh
(du/thian) (kwh/vhiau)
‘ ‘ fi.e1 2010
= 50,000 A1

kWh 3
=31.46 x B1Y 234,679
AU AU

WU (kwh/tiau)

ATNAR (AU/1hau)

o — b
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Preventlve Maintenance

vl fudrnudandise (Total Corrective Maintenance
Productive Maintenance)

maldssuuilaain ol s Temdaaan “

L Maintenance Prevention

Breakdown Maintenance

wwInTIauIndwiaau
u vl fud s inianmn mennasn

{Process Efficiency Improvemnent)

UFuadnng
avidiudsafadiiay (Minor Changes)
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nvalBouudaadaiftiiod (Major Replacements)
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o
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 Motor

J Pump and Fan

 Air compressor

J Boiler

 Air conditioning & Refrigeration
1 Cooling tower

 Absorption chiller

o . - e &
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Ask whether the
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a useful job

Reduce the
system losses
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best efficiency
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motor for best
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Moter - firag1ea1nIn1Tauingndeiu

© NDLNDY
o Yudsuaualfmunzey
© High Efficiency Motors
@ Variable Speed Drives

40 25

a5 1

20 P"
gzs s n i h | L
- 20 ¢ A on
% 15 b = 4 - I ,l 4} 10 —
& 10 Il | ' .

‘5 i B BiiE 5 | AAL

0 . |

i

Meotor - n1sUsELaUUTEENTA N

w =

14
® dayaan plate

@ kW -
] o g NALRAY AU 22 kw

©) ﬂjagamnmim'm'm dayamsasade.
@ Volt, kW

400.8 V, 16.77 kW

® NISATUIN
® %A1 % Efficiency 1 Full
Woad = | KW,
Load {kw,,lay }100
© AMWINA1 % Load o "
® %A1 % Efficiency 1 Load
39

Ny = 88.5% (310 chare iSO

E_—" T, = 88.2% (370 chen miirdin'lal)

e 2 i S— Rt~ L T, e . - ‘&
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88.5%
900% Qo
z 0 i a a2

wos | 88.2%

0.0%

60.0%
]
;i 50.0%
g
R

40.0%

30.0%

200%

0.0%

67.46%
0.0%
0.0% 10.0% 200% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0% 110.0% 120.0%
%Load
Motor: 22 kW
@ T A A L S, B~ l&h

Pump - Fluid power definition

The BHP is the power input to a pump.
UThe power output is the power transmitted to
the water.

WHP = GPM X H X s.8.
- 3960

where

WHP = water horsepower (output), HP
GPM = flow rate, GPM
H = total pump head, ft of liquid
s.g. = specific gravity of liquid,

(s.g. = 1 for water)

o - — b
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Pump - Efficiency definition

UThe power input to a pump is always greater
than the power output because of friction and
other unavoidable losses.

WThe efficiency (E) of a pump is defined as

power output WHP
E= P o 100= —— %100 (11.2)
‘power input BHP
\\‘\t\\\\ \d
(- — SIS
Pump - Pump curve
Data: 6'/2" impeller diameter
- 1750 RPM -
\(iency
) \\\ 1'%
3 g
= 2
8 %0 \ —~2Z 'l
= / << g
BHP é
20 1 —40
10 0 130
0 50 100 150
Flow rate, GPM
Figure 11.3
Performance curves for a 6% in. pump at 1750 RPM.
o - - IR
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Pump — Pump curve

Capacity, liters per seLond

10 12
18 T T
- ®
16 - 1750 € 2
14 : rpm & €
5 2F % NesTeex | g &
o — ] 1 < 67 % K
N — 8% I\ = =
e \ 60% \ T
P £ S e
5 - ,g 5 55% (2.24 kW)
Z 6 s ST 2hp (1.50 kW) 20
» l%hp/(l.l2 kW) —15
4 | 40% |
L 10 —(0.75 kW) 10
2 - NPSH réquired slhp
0+ 0 ' I 0 -0
0 50 100 150 200 250

Capacity, U.S gallons per minute
(a)

A, R - L_é}]

Pump — n1silsziaiuiluun

Flat versus steep pump head characteristics.

Steep

Flat

Head

Flow

® - &
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Pump — msisasiuifuin

The steepness of the flow/head curves varies
among centrifugal pumps, depending of their
design.

dThe pumps with flat head characteristic curves
should be used for hydronic system.

O If there is a large change in flow rate, there
will be a corresponding small change in pump

head.
This makes balancing and controlling flow

rates easier.

e e

Pump - System characteristics

U The pressure loss in a piping system changes with
the flow rate through the system.

U The pressure loss-flow rate relationship is called
the system characteristic.

Head, ft w.

Flow, GPM

Figure 11.7 1
e —mee—nensnmman  1ypical system characteristic curve. R — t@:‘)
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Pump - System characteristics

2
Hy, _ [GPM, (185
Hy \GPM,

where
H», Hy; = pressure loss in piping due to fric-
tion at conditions 2 and 1.
GPM,, GPM; = flow rates at conditions 2 and 1.

If the pressure loss is calculating on one flow rate,
it can be found at any other flow rate.

o —

Pump - Pressure loss in open systems

Coolugi
tower Requlating

valve
2

Steainer g Isolation
L| joints valves

Condenser

Figure 10-18 ‘A sinple open-loop condenser water system.

AN open piping system is one that is open to the atmospheric at
some point.
An example is a condenser-cooling tower water system.

_— g o B -

b
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Pump - Pressure loss in closed systems

e edaariuniu

o -
.ma.‘gu.mu

. 4
NWRILWRITIEIG N

O A closed piping system is one where the water is re-circulated
continuously and there is no gap or opening in the piping.

U There is no net change in elevation of the water around the
whole circuit, and therefore the change in He is 0 in the flow

energy equation.
O An example is a chilled water system.

e e

Pump — Pump curve and System curve

A, R - Léh

System and pump head characteristic curves indicat-
ing point of operation.

Pump

Operating point

Head, ft w.

System

e _“ Flow - L@};
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Pump — Pump curve and System curve
Pump head
Design operating condition
“““““““““““““““ Actual operating
condition
© /
&U} 7/
& b=
7’
Excess power
‘@ @ BHP g a
r/ * / hiad W ‘EE
B I
!
Flow
e T A A L S, B~ t@h
Fan - Backward centrifugal fan
Outlet
Bearing support
Figure 12-1 Exploded view of a centrifugal fan. (Reprinted by permission from ASHRAE Hand-
book, Systems and Equipment Volume, 1992.)
o — — &
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Fan - Axial flow fan

Pump - Fan - Affinity laws

Q It is a common practice to modify the performance of a
pump by changing the rotational speed or impeller

diameter.

U Flow rate, Head, Shaft power are related to the new
and old speeds of impeller diameters.

U The laws governing this relationship are called as

affinity laws

U The affinity laws may be used in conjunction with the
system characteristic to generate a new pump head

characteristic.

- e &
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Pump affinity laws

GPM, N,
GPM; N,
H, \N
BHP, (N,)’
BHP, |N,

where

H = pump head, ft w.
N = pump speed, RPM
BHP = brake horsepower

Fan affinity laws

%
Q

Pl Nl
BHP, _|:N2} 3
BHP, LN
Where

Q = flow rate in m3/s or CFM
P = pressure in kPa or in.wg
BHP = brake horsepower in watt or hp

e T R el o 7 UT i e e B - t{i‘h

Pump / Fan = nM3UsU

ool vake
Tor Supply
oA

[ e =
i)

Load Lagld Valves 152 Dampers

© A9L9
‘—‘——H—“ ©® Blowers
OO0 & @ Conveyor
IIL /Bl
- = ©® Cooling Water
Pumps
© Chilled Water
Pumps
& » pischage @ Level Control
Pumps

é

-
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Pump = Fan - A2UANA2IAI§270U

® WANTUINITaN speed ALNUNITLY valve

%38 damper

n
_ 2
Qz - Ql -
1
== System 2
Speed. L n2
ol H,=H/|>2
, '\ n,
P _-.?a : Increase resistance 3
S 6P s e when damper closes n
T ! p-pl
a 50 :'.....--._.......-4.....‘..-l—--—-'.A 2 1
& T n,
28 40 = 2 i
o : | Pump/fun characteristics
.\-...........-,v.-..-..*c | Note:
2 |- i ; Q= Flow
ol Do H = Head
: i
i i P = Power
n = Speed A
e - i Ak e R = &

Air Compressor

Primary filter

f
7
i O Branch line S
R “'\‘::«\
N - >
< 2. R 7
\./“\ SO . ;.f"
~. = o
i\ N N~
>, 5 |
~ A s
A o
v I &

Alr receiver

(locah g
User process (larga intermittent
demand for compressad air

Air raceiver (Main)

System

A Pre-filter (dryer)

\
\
Aftar-filter
S (dryer)
y =
R
N N
N
2/
=
r’ﬁ"’
5 Drain hne
NS |-~ system
5
~—~"| Main trunk line
e tte
- > ,‘
= g — ';’)1
Oil/water separator =
1 @

picture source: CTV050 compressed air — opportunities for businesses
I

T e~

b
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-

Air Compressor = NM1TNA&U

Inlet Flow rate = 14.55 m*/min

gaungil = 38.95 °C

AUAU = 1 atm

ILYLLIANAGDU = 30 U

WaulnAdld = 37.95 kwh
artuszuUTEaNSAIN = kWh/100 scfm-hr

© @ © © 0 e

e —e

Air compressor — Why standard condition ?

Exercise

What is the flow rate of air entering the duct heater in previous

example, expressed in CFM?
Electric

resistance
heater

h,=29.6BTU/Ibd.a.

65% RH >
— 2\ o =™ h, =223
60F D8 90 F DB

. ; 2

CFM 400 Ib 1 br X 13.25 ft’ 88.3 CFM
= — X 25— = 88.
mn hr 60 min b
CFM = 400 Ib X 1 hr X 14 0ft3 = 93.3 CFM
out hr =~ 60 min T T

o — e b
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Air compressor — Why standard condition ?
When rating the capacity of equipment such as air compressors,

fans, coils, air handling units

The manufacturers do not know the conditions of temperature and
pressure that each user will apply.

CFM of the equipment...
is often expressed at standard air conditions, free air delivery (FAD)

Standard air is defined at

e _ 3
Speqﬁc volume = 13.3 ft3/lb d.a. P, V, P,V,
Density = 0.075 Ib/ft3 d.a. = 1.2 kg/m3 =
Temperature = 68 deg F =20 deg C T T,

Pressure =29.92 in. Hg. = 1 barg

@ e

A, R - L{i}]

Alr Compressor - N1INAADY

Inlet Flow rate = 14.55 m*/min = 522.88 ¢fm
'qnmgﬁ =38.95 deg C =38.95 + 273 = 311.95 deg K
ANMNAY = 1 atm

FLALIANARAU = 30 U = 0.5 hr

P1 V1 _ P2 VZ ' P1 Q1 _ PZ QZ
T1 TZ T1 TZ

90 1ifluaanzinasgv 90 2 1fluanzasndinasg

P =1 barg =2 bar abs P,=1 barg =2 bar abs

Q,= unknown Q,=522.88 cfm

T,=20+273 =293 deg K T,=38.95+273 =311.95 deg K

(2)xQ, (2) x (522.88)

= ) Q, =491 scfm
293 _ 311.95 |
o = — 4
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Alr Compressor - NTTNAfoY

Q, =491 scfm

FTELIINIVAKAL = 30 U = 0.5 hr

WAL UINFANTLE = 37.95 kwh
ATUUszINULsZANENIN >> kKWh/100 scfm-hr

U

arHlszlulszansnn = 37.95 kWh = 0.1546 KWh

491 scfm x 0.5 hr scfm-hr

avdsznivlszansowm = 0.1546 kWh X100 = 1546 kWh

scfm-hr 100 100 sefm-hr
- Y —— e &
Air Compressor = N15NA&Y
® Inlet Flow rate = 14.55 m%>/min
© gmuugill = 38.95 °C
©® AUAU = 1 atm
© $TYLLIAMAFDU = 30 U
o WAUINWRALY =37.95 kWh
© AYUUTLAUUTLANSNIN = kWh/100 scfm-hr
15.46
best average worst
17.24 21.63 50.93
[ — — &
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Air compressor - Udgiiliuadanasldnaseru

e A e w

® M3HENINIADA (Compressed Air
Generation)

© nM3UsuaunNwaINIAdA (Treatment)

© N33wenAanlugyalyau (Distribution)

® Ms521v8901n1A8n (Leaks)

® MsLEuRaUTELAN (Use/Misuse)

e e

R — -

Air compressor - LUMNNITBUINENANIY

® m'seziauﬂ']ga
® AAAMURUVDIDINADATINGR
® waunsidaunsas Compressors
©) Gummauﬂ%a Compressors
©® N9 Pre-Cooling
© HAAUBINADA
o nmstanugeuiisnly
e I
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Air cormpressor - LUANINITOUTNENAWIY

© U5snnNvUa9 Compressors
@ wWasuusznniasas Compressor
© wWaguAIas Compressor NAUsEANTNIWE VU

@ : == S ———— @}

Air Cornpressor - YUINNUUTEANSA N

s18avLden Capacity (I/s) Specific Power (J/1) Part Load Efficiency

2-25 510 a

Lubricated Piston 25 - 250 426 )
250 - 1,000 361 Aun

2-25 552 a

Non-Lubricated Piston 25 - 250 467 &
250 - 1,000 404 Auan

2-25 510 uel
Oil-injected Vane/Screw 25 - 250 446 wald
250 - 1,000 404 wold

25 - 250 429 a

Non-Lubricated Toothed -

250 - 1,000 382 @

Rotor/Screw
1,000 - 2,000 382 a
250 - 1,000 446 @
Non-lubricated -
1,000 - 2,000 382 Aun
Centrifugal .

dnin 2,000 361 fxn

/1)/21 = kW/100 cfm !
e 2 i S— (']_“)'--H' - 1_-_4-:- - ‘gg)
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Air compressor - AMANEINASANUANEMY T

©® Dirt, Water, Oil & Microbial

Dirt/Particle Size

Dirt/Concentration

Water/Dew Point

Quality
Class micron mg/m?>
2 1 1 -40 0.1
3 5 5 -20 1
4 15 8 +3 5
5 40 10 +7 25
6 - - +10 -
7 - - - -
Anwunisideu oil Dirt Water
General Maintenance Shop 4 4 5
Paint Spraying 3 3 3
Process Control Instruments 2 2 3
Pneumatic Tools 4 4 4
|
e — e pr—————— - - P S S I it L T i n, e {@}J

-3

N5 1IWaIIU

unuwdaaui
Dew Point Usuian Dryer o
LWNAY
+10 °C Deliquescent il 1%
+3 °C Refrigeration LLUUV]I"JVLU 5%
-20 °C Membrane wuuUseansniwgs 28%
£ o
uiugUuuuvay
-20 °C Waste Heat Regenerative 3-5%
Air Compressor
wuuUseansawgs
-40 °C Desiccant Heatless D 10 - 15%
+ S2UUAImEU
wuudszAnsnwas
-40 °C Desiccant Heated or External Blower o o 1 8 - 12%
+ SyUUNIIaEU
wuuUseansniwgs
-70 °C Desiccant Heatless s o 21%
+ SEUUA9REY

e

©
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Air compressor = Distribution

Pipe Nominal Bore (mm) Pressure Drop/100 m (bar) Equivalent Power Lost (kW)
40 1.8 €5
50 0.65 4.4
65 0.22 1.2
80 0.04 0.2
100 0.02 0.1

note: for air flow rate = 250 I/s @ 7 barg

1 <
© FEUUNDAITLUUIS

nn 1 bar ‘ﬁl!,‘v“\;u%u A1 Specific Energy (kWh/unit volume) L‘ﬁluﬁu 7%

e —e

Alr compressor - #2081931A318W

Y o < . . !

MI9819 AUINHIAINIGIVEIAN (Free air delivery) lune
[ 9

NeoImasa lagldan lannmsnageuniae bl

AMNEVDIF NN TIIMINATOU 300 1A
Pipe Inner Diameter: Actual = 90 mm
Working Pressure 9 barg

Pressure Drop 0.04 bar

o - — e b
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Air compressor = Nem

Pipe
lengtn
[y ]

® 3
TN

1000
1500
2000

5000

Ratarance
liwg

ograph

Pipé inner
ciamisiar
[mm) Prossura
Actual Momingl Ht’:."::"ﬂﬂ
500 — {bar)
sgn ] Working — 0,03
_| procsure ’
{bar g 0.0
gauge) ST
- s
200 — f; |-
180 — 2 / |— G.08
=150 ,Jf = .10
- e
=125 ',-ff
100 1
e’ E - 0.20
#""_— 80 il g
o eed 10 — 0.30
=1 15 L
=350
w-40E -
= 32 -
30 - e 01,60
e — 1.00
25— 25
=20
20— I—1.80
o F

G
e &

Air compressor = Nem

ograph

Pipe
Pipe inner
E{:E:n clarmslir
Ratarance (mim) Prossura
10— Free lisa Actual Mominal Fle’:;znce
o 500 — ) {bar)
B Tl - )
2'.:1 {Lis) app— Working L 0.03
N I _| precsune R
- s {bar ,ﬁ@—:n 04
= ] he
= 3000 —| Gavge) AT
100 S -
. — a0
RS = 010
3000 .
400 %4
s = 0.20
1500
o = 030
5000 -
n‘ —
— 0.50
— 1.00
P=1.50
G
— ""' R g e - &
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Alr compressor - A2081931A918W

feeha AaaNuiEvesanlunedisemasa
Taeli Idonmsnaasudaso il
ANNENIVDIT NN RINMINATOU 300 1WA

Pipe Inner Diameter: Actual = 90 mm

Working Pressure 9 barg

Pressure Drop 0.04 bar

» Free air flow =200 L/s
=0.2 m3/s

ID=90 mm =0.09 m

A =0.00636 m?

V=Q/A= 0.2/0.00636 =31.4 m/s (Free air velocity)
o ——— —— b

Air compressor - Use/Misuse

o wanaulugasranlifaslyau |
® 14 High Pressure Compressed Air fUsui
ABINITANAUAI
® FIUTUIUAMUEDINITUINND AITHENTZUUNEAT
AL
@ Air Compressor Nﬁmmmﬁé’ﬂﬁ 3 barg Tanasau
faeniudndi 7 barg Uszannl 33%
® A9819N15LINAIATN 7 barg NldwnnzEw
@ air knifes, blow guns (recommended 2 bargs),
air agitation

o — b
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Air cornpresser - (228719U105M1TRUSNYNALIU

TdinTeauszansnnga
ANTTAUAINAUVDIDINIADA
14 High Pressure Booster
fuemiAanuStIniitigamgiio
sTyuY/daunnsas
n1sauAua/Un
tre¥nunia3assnainia
wusnsldausaniluiiud
Wislfanunsatinnisldiauy udaz
Hudil¥egedase
Unvindegnefilsifinnsldeu
De-Bottleneck

© © © © © © © @

©

i

®
®
®

Intelligent Flow Control
AnAe VSD
Heat recovery 31n Air Compressor

Comgrensor

“~ Plate heat
exchanget

. l Hot water
4 siorage tank

e

Boiler-System

Distribution
Combustion [ i

Pressure
Reducing Valve
O

Combustion Air
Preheater

H]HF

Economizer ”ﬂﬂﬂ
L {0 Boi
-

Gases 1 Isolation Valve
Forced Draft
Fan

(

Steam
Trap

Generation

Fuel

Feed
Pump

Combustiop Air

R

End Use

Shell and Tube
Heat Exchanger

Deaerator

Process Heater

Condensate
Receiver

Condensate Pump Tank
I

Recovery

Rt~ L T, e . - ‘&
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Boiler = UsganNgnIw

= v W

Steam Production Rate [Steam Enthalpy — BFW Enthalpy] <10
Fuel Flowrate x Fuel Lower Heating Value

0

Boiler Efficiency =

ad =
© 25n15UssLiY

A15AUI Enthalpy vaudawmasazlain

© ©

ausavilaliensiudayausunansamas T uazAiruFousigg

Ay P
auanfoaly

e

Vinawaslethiindnsemiaginan
USinauvaadioimasiildranisaian
AudY uaz/v3e gaumpfivadlathiingn
9auuQivas Boiler Feed Water (BFW)

ArAuSauvadlalinas BFW 210 Steam Table

© © @ © O 0 e

. v R y
A1A1339U (Enthalpy) Y2L¥BLWAIINKUY

A, R - t{é}]

Boller - HHV & LHV

Higher heating value(HHV)

= gross energy =upper heating value

= gross calorific value (GCV) = higher calorific value (HCV))
The HHV takes into account the latent heat of vaporization of
water in the combustion products

Lower heating value (LHV)

=net calorific value (NCV) = lower calorific value (LCV))

LHV is determined by subtracting the heat of vaporization of
the water vapor from the HHV.

o — e b
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Boiler = HHV & LHV

O A word of caution: when comparing efficiencies, it is important
to know if the efficiency is based on the high heat value (HHV)
or low heat value (LHV) of the fuel. Both are essentially
“correct,” but comparing an efficiency based on HHV to one
based on LHV would not be correct.

QO In the United States, boiler efficiencies are typically based on
the HHV.

QO In Europe, they are typically based on the LHV and resultin a
higher value than when based on HHV.

U The general relationship is: Efficiency based on LHV = Efficiency

based on HHV multiplied by 1.11 for natural gas and multiplied
by 1.06 for diesel fuel oil.

e i S

A e M Léb

Boller - A20819n19AY0

hilou (Boiler Feed - v
- R wan loiin
Water) H@Mtiu 75°C
(Saturated Steam)

719731 50 Ton/hr
AINAYU 6.5 barg

)

v
4

e uau
30,000 AunALY

113031m131A1 Lower Faluamslyau 6,500 ¥2lusne)

Heating Value N .
40.070.00 MJ/t e uILseANEn 1 nuLalatin (Thermal Efficiency)?

o - _ e
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Boller - 708190194740

Boiler Efficiency

9

Ay
UVDYaN

doald

a

Y
Zuavedlerim

a 1 ]

AANBD UYL

4{ a :s' Y1 1
USunaveusamasnlgaevlonan

A A a
AIUAU !Lﬁz/?ﬁ'ﬂ Qﬂ!ﬂgu“]ﬂ\?]lﬂu']ﬁwaﬁ
qmﬁgﬁmm Boiler Feed Water (BFW)
' ¥ A a )
AINIITUIDU (Enthalpy) sllﬂﬂlslf't]lwa\’m']ﬂ@“’ll'm
ﬁmam%’euﬂjm BFW 3210 Steam Table

' 3
mmm%’aumm‘lammﬂ Steam Table

i

Steam Production Rate [Steam Enthalpy — BFW Enthalpy] < 10
Fuel Flowrate x Fuel Lower Heating Value

0

50 Ton/hr

30,000 Ton/1] ;
2 Tuams 19 6,500 %2 Taanodl

6.5 barg = 7.5 bar abs

75 deg C

40,070.00 MJ/t (ﬁnﬁ" uin)
314.03 kl/kg

2,765.7 kl/kg

I
e &

Saturated water—Temperature tahle

Boller - A70819n19A420

Specific volume,

mkg
Sat. Sat. Sat. Sat.
Temp., press, liquid, vapaor, liquid,
r=c F: kPa v Vg Uy
38697 0.001026 4.1291 31399
ED 47 416 0.001029 3.4053 3z 97
B85 57868  0.001032 28261 38596
a0 710183 0.001036 2.3593 37e.97
95 84609 0.001040 1.9808 398.00
100 101.42 0.001043 1.6720 419.06
105 120.90 0.001047 1.4186 440.15
110 143.38 0.001082 1.2094 461.27
115 169.18 0.001056 1.0360 48242
120 198.67 0.001060 089133 503.60

Internal energy, Enthalpy,
klikg klikg
Sat. Sat. Sat.

Evap., vapor, liquid, Ewvap., vapor,
Ufg ug hl’ hrg .hg
2161.3 24753 23206 26346
21466 24816 33502 23080 26430
21319 24878 36602 22053 26514
2117.0 24940 377.04 22825 26596
2102.0 2500.1 398.09 22696 26676
2087.0 2806.0 41917 22Be4d 26756
2071.8 25119 44028 22431 26834
20864 2B17.7  4eld4d2 22297 2891.1
20409 2523.3 48259 22160 26986
20253 2528.9 50381 22021 2706.0

Rt~ L T, e . - l&
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Boller - A70819n194420

Saturated water—Pressure table

Specific volume, Internal energy; Enthalpy,
m kg klikg hlikg
Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liguid, vapar, liquid, Evap., wvapor, liquid, Evap.. vapor,
PkPa T,°C w Vi uy Uy Uy hy g by

400 14361 0.001084 046242 604.22 19489 2653.1 604.66 2133.4 2738.1

450 14790 0001088 041392 62265 19345 2557.1 623.14 21203 27434
500 151.83 0001093 037482 63954 1921.2 2560.7 64009 Z2108.0 2748.1
550 15546 0.001097 034281 &55.16 19088 2563.9 65577 20968.6 2752.4
&00 15883 0.001101 031560 ee9.72 138971 25668 67038 20858 2756.2
&50 lel.98 0001104 029260 &83.37 1886.1 256594 6384.08 20755 27596

J00 16495 0001108 027278 B696.23 18756 2571.8 697.00 2065.8 27628
750 16775 0001111 025552 70840 18656 2574.0 709.24 2056.4| 2765.7

800 17041 0.00111% 0.24035 J19.97 1856.1 25%76.0 J20.87 20475 27683
850 17294 0.001118 0.226590 731.00 18489 25779 73195 20388 27708
900 1753% 0001121 0.21439 f41.55 1838.1 25796 J42.56 20305 2773.0
980 17766 0001124 0.20411 781.67 1829.6 25H81.3 7Th2.74 20224 27752
1000 179.88 0.001127 0.19436 761.39 1821.4 25828 76251 20146 27771

~ e

Boller - A70819n19A7420

FLASITNAY input
H139nN15 1H9U = 6,500 hr/yr

V1B uauinTuansatl = 30,000 Ton/yr

V1B aninuaAadalug = 30,000/6,500 =4.62 Ton/hr
1§137uLe 3 heating value = 40,070 MJ/Ton
Anlunasnudanasile = 185,123 MJ/hr
AAF1LMAU output

WA ﬁlvl’aﬁy’l (saturated steam) ﬁ’gﬁl‘i"l 50 Ton/hr

NAFAINUDY enthalpy = 2,765.7 - 314.03 = 2,452 kJ/kg
AmTlunasaulatin (output) = 2452 ki/kg x 50 x 1000 kg/hr
=122,600,000 kJ/hr = 122,600 MJ/hr

AA912NLSLANEAIN = output / input = 122,600 / 185,123 = 66%

e = i S— Rt~ L T, e . - ‘&
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Boiler - N1591A97%41 Elue Gas

® FoufuRiegne Flue Gas WadAssimseauing
arsuaulaeanlan (Dry Basis)

© ABMNIIUYoYARUNYHNVDY
Flue Gas

® #24lY Monograph Tun1suszana
anIINEYHENY Flue Gas

® Monograph @RN1ZUIZANLTBINEGS
o Wunsuszananis Wasnnlinsiunisgededug wu sy
W14 Boiler

o —

e '&)

Boller - #A20814n19AU0

% CO, LU Flue Gas LYINNU 8% WAz
AUUNAUBY Flue Gas LML 175 °C
Q9ILASIEVWT % Flue gas loss

NGESTNLIR

Natural gas Steam
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Boiler - Flue Gas Loss = Natural Gas

12

10

Illl/
\

Carbon dioxide

o
J

|

% Dry Flue Products by Volume

N
W

\

.
&
)
o
<
(S

A2 30

/ 18.2% t1 o
- B ° 219
[ 9% I_ /°| 3.2%
| - %
2 Flue gas -
- temperature —
B Oxygen -
0 I I T T T T
0 20 40 80 100
% Excess Combustion Air |
e - S e T &

Boller - Flue Gas Loss - Natural Gas

% CO,

ﬂlu Flue Gas

AUNNAUBY

Flue Gas (deg C)

% Flue gas loss

8 175 18.2
10 175 16.9
8 130 16.1
10 130 15.0

An optimal content of carbon dioxide - CO, - after combustion is
approximately 10% for natural gas
approximately 13% for lighter oils

S— Rt~ L T, e . - &
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B Carbon dioxide

% Dry Flue Products by Volume

%G m
G N

100°C X
Flue gas -
temperature

= Oxygen -
0 1 | 1 | 1 1 | 1 |
0 20 40 80 100
6 % Excess Combustion Air

Boiler - Flue Gas Loss = Fuel Oil

20

$9sS07 se9 an|4 %

10

0

—_—

— Carbon dioxide 3
15 |- 40(:2 —
Q O

£ — 3700 .
(<] H— =
s L /"} -
o e —
3 10— oL~ -
E wﬂ'/ i
= F \75°C ’
— 1 O -
= F 125°C 2
5 10000 B—
= Flue gas 1
= temperature
Oxygen ]

0 [ Sl ] e | st Jict fosetnt]

0 20 40 80 100

% Excess Combustion Air

Boiler - Flue Gas Loss = Coal

30
=
3
§

20 g
Q
»
e
o
3
13
D
»

10

0

e
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Meisture

7
0

2noenls <y

18
19

T, -

-

r

Max

2.7

4.2

7.0

o
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WnSdvdoulla
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, in Flue Gas (%)
in
2.0
3.3
4.9

0]

fAdan1siinausy

W

EXIT GAS HEAT LOSSES

NET STACK TEMPERATURE DEG F

%)

ir (

Max

5.0

1

5.0

2

50.0

EXIT FLUE GAS TEMPERATURE - COMBUSTION AIR TEMPERATURE
450 460 470 4BOJ 490 500 510 520 530 540 550 560 570 580 590 600

17.417.6 17.8 18.0 18.2 18.4 18.6 18.8 19.0 19.2 19.4 19.6 19.8
8
9

16.3 16.4 16.6 16.8]17.0 17.2 17.3 17.5 17.7 17.9 18.1 18.2 18.4 18.6 18.8

4.8 39.7 40.4 41.1 41.8J42.5 43.2 43.9 44.6 45.3 46.0 46.7 47.4 4B.1 (8.8 49.5 50.2

20.0 16.1 16.3 16.4 16.6]16.8 17.0 17.1 17.3 17.5 17.7 17.8 18.0 18.2 18.4 18.6

o

2

- o

o ”m

- ”m

~ ”m

"

w Ll

S < @ ©

> ~

w m ~ ~

~ - " ”m

«© o A ~

- ~ ~ m
NMNONMR NN oM NN AR QN -
NN ~N o~ - w
ErrPOpd e d R RRNNNE 1L
gMuReMYaMYgYaon - ne=n
- - w
EEErddddo o gRERIINNN ARA
@ = Mo - NOvwONOU~ON - @ o O
NNNN el OO0 O™~ ”m onN
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o WOMNNOON “3322"" =3 N~V Oonn

In

Excess A
10.0
20.0
30.0

lue Gas Loss =

r=F

el

Bo

EXCESS OXYGEN €02

i

AIR

59.9
192.4
214.2
239.4
304.7

Fuel

Natural Gas

Fuel Oil

Coal

Typical excess air and oxygen to achieve

highest efficiency for different fuels




Boiler - Blowdown

=
© aANT5gLEEaINN1T Blowdown
© nsAuANNSIEUelaunduiy azvi liuszundandenuldts 5%
vasnwasnunlawdmdalein

Figures ghe
Ixfer (renire

" barg

Botler blowdown noeded (4 of output

T
v : 4
e | % fuet wasted due to Dlowdown e T - Lé‘h

Boiler - Blowdown

UBoiler blowdown is the removal of water from a boiler.

LA blowdown of the boiler is a routine operation necessary due
to the increased concentration of Total Dissolved Solids - TDS -
in the boiler during the steam production.

Qits purpose is to control boiler water parameters within
prescribed limits to minimize scale, corrosion.

UBlowdown is also used to remove suspended solids present in
the system.

UThese solids will contaminate control valves, heat exchangers
and steam traps

UThese solids are caused by feedwater contamination, by
internal chemical treatment precipitates, or by exceeding the
solubility limits of otherwise soluble salts.

o i —
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Boller - Blowdown
BD=Sx TDS

TDSmax - TDS

% BD = TDS

TDSmax - TDS

BD = blowdown rate (kg/h)
S = steam consumption (kg/h)
TDS = Total Dissolved Solids - TDS - in the feed water (ppm)
TDSmax = maximum allowable Total Dissolved Solids - TDS
in the boiler water (ppm)

® ——

Boller - Blowdown

U The blowdown can range from less than 1% when an
extremely high-quality feedwater is available to greater
than 20% in a critical system with poor-quality feedwater.

U The blow down rate of a boiler depends on

1) steam consumption (steam used in the process and
not returned as condensate to the boiler)

2) concentration of impurities in the feed water

3) maximum allowable TDS in the boiler

U Boilers are normally operated in the range 2000 - 3500 TDS

o — b
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Stefan-Boltzman Equation

Loss| — |=5.67x10"T*
m

Temperature in Kelvin unit

e e

A, e

0y

oiler- NIVLE

-

ta‘i]

UIU

LL‘u'Jﬂﬂ msammsamtau Lﬂull']miﬂ']ﬁ/l gunsasiunslaiudi aw!ush

WUNERY
o INesAITAILANTI LT luTRyTuINasATLiIINEEN

mumaumimmumu

o &9 KAV ITTUUVIA'TaUN, Condensate, Hot 0l 1R
o AsETIWLINFINIUNG (60 — 80°C) WiiAsEazviaLATIF UM UAULNANY
o ANNAUTATINTIFYLIUINA Stefan-Boltzman Equation

w
Loss —Z;L: 5.67x107° T*
o ANIAUNRINUNFULIHST

o awatlminstdiaannfifiivindy s °c
o Awanalsenda

T wlirnar T I e T

o lunsznunsnaniinsgaidanaannan sasmuauivaglussdui

&
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Hol face lemperature at mesen Lemperatume (n *C) (with amiderd soll e at «20°C)

Boiler -
Ecenemic

Thickness ST Foa) 06 0 (9

213 68 73 78 B3

70 Bl B0 B1 A6 69 93 94 103 107 o0 104 109 114 118
Bl 86 U1 96 101 03 G 103 108 152 105 110 115 120 125
" " 20 12 78 Rl 80 &7 02 68 107 107 100 105 110 115 120 118 118 122 128 132

@-F IF'.S.LJ.L.@;H@W a7 w 81 %7 02 S0 05 100 100 110 103 108 114 110 124 116 120 827 132 137
24 83 B9 91 102 1§7 90 105 111 117 123 114 120 126 132 137 128 131 140 140 152

4 Y- a1 K782 100 106 1]2 103 108 IG 122 125 1Y 125 132 138 043 134 140 146 152 158

f@,r H@t Pl_@‘@ @03 04 101 108 155 11 L01 118 125 132 138 128 135 142 140 156 144 151 158 165 172
6.1 00 106 114 121 17 117 124 122 120 146 135 142 140 156 163 152 150 166 173 180

Thermal Conductivity — #=#%  1® § 152 141 148 156 163 170 159
1016 106 o 145 153 161 168 177 164

(W/m-K) 1Has 100 { {60 149 157 165 173 181 167
1967 116 124 133 141 149 171 158 167 175 184 100 179
Calcium Silicate 16835 124 132 142 151 150 | 182 170 175 188 106 203 19
o 2080 130 140 151 161 171 195 180 190 200 210 220 20
@ 50°C: 0.055 2045 135 145 150 165 75 161 171 182 192 201 184 106 206 216 226 210
® 100°C: 0.058 279 139 140 100 170 180 160 170 188 196 207 191 202 213 224 235 27
B2 142 153 164 174 154 171 IN) 193 202 212 196 207 218 220 240 223 233 243 254 264
@ 300°C: 0.088 G556 046 (ST 168 17R IR 177 185 107 200 216 201 212 224 235 245 230 240 251 261 2
Rock Wool 4064 149 160 171 18I 192 181 189 202 213 223 207 218 290 241 252 24 245 257 260 270
457 153 165 170 157 108 187 160 200 220 231 213 225 23% 250 251 242 254 200 278 289
@ 50°C: 0.037 508 155 (AN 170 101 202 101 200 214 220 237 218 230 244 256 207 248 260 273 ZR5 206
. Over SO8 158 {71 182 105 205 104 207 218 23 230 228 240 250 251 270 257 271 270 293 304
@ 100°C: 0.043 My
@ 300°C: 0.088 N
“itaces

=

e R~

iler - Waste Heat Recovery
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Boiler - Waste Heat Recovery

U When sulfur-containing fuels are burned, the sulfur is oxidized to
SO,.

Q If sufficient oxygen is available, some of that SO, oxidizes further
to SO;.

Q If water is present, it may react with the SO, to form H,SO, in a
reversible reaction

U Condensation of these vapors leading to corrosion and tube
failures.

U Above 500°C, it is almost entirely free SO,

U At low temperatures, below 200°C, all of the SO, is present as
H,SO,

O SO, + H,0>>H,S0O,
O sulfur trioxide + H,0 >> sulfuric acid

@ e

Boiler - UsNgnanszuy Steam Distribution

vvvvv

@ Wun1saualaelyd Empirical Data

© NSAMUINATIUARAUNSRYLHE LAY
o Huntsvewislevuaz Condensate
® mssrlnavadlet
@ Flash Steam @sgnuaagaananszuy
® A1511 Condensate NAUN LY

o — e b
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Boiler - N151ta1 121 nalua (Flash Steam) NAUNT LG LA

U nnasefivansindau (condensate) finnusugelaasaangiinauausingn
aziialadndiulay uaztFunninansauunds (latent heat) g9 windula
WlnanAnuAungnilaasaanun

O sdaaatirfaufinausi 7 barg AANFUITENIA ANAU O barg Az
lasiindulus 3 anmumnuFaunds = hig = 2,257 Ki/kg Sunanaiiedn
PBanadlainfiinlusl (Flash steam) 1 kg azianuauiniulas (steam)
#AMMNAY 0 barg RAN = 2,257 KJ/kg LtﬂzLﬂullﬂﬁyﬂLLﬁﬂﬁqmnﬁwﬁ
ansnsafuli sz legdwmiiaunulatsialle

[ \fieraumdn Flash Steam Razdianuausn deldgansadnauldld o qan
na 9l saswenenumaaldnulng g Nsamisanulaiigiulauan
16 wazginsanaunsananianlaindaudn e (58091 Flash tank
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Air conditioning system
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Air cond — aunaan — split type

4 [ <3 1 4 [ ) o 1
"Lﬂ%@\iﬂiﬂ@WﬂWﬁﬂlu1ﬂlaﬂ” HUWYANINUIN Lﬂ%’@Qﬂﬁﬂ@1ﬂ1ﬁﬁ1ﬂiﬂﬁ}ﬂﬂllﬂﬂLLEJﬂﬁ'JLl
A ] Y A Y] vy 3 <
NITUWPYANUIDUAIIBINIA HIDTSUIYAINUIDUAIYUN Iﬂﬂﬂﬂﬂllﬂﬂuﬂﬂlﬂuﬁ@ﬂ%’ﬂ
‘1/]1\‘]']11!5’Jllﬂ11! G]Nllﬂl,l,ﬂ %ﬂﬂaumum (Condensmg unit) me%ﬂllwuﬂ’ﬁ]ﬂa (Fan—coﬂ
unit) wi%’"lvxlﬂmsmﬁﬁauwmma 50 Léﬁ@l“]f ’G’fTW5‘]J1°]5!W’E)ﬁﬂ’0mﬂﬂﬂlm°’ﬂ’3'm°]fu
"U’E]Q’f)'lﬂ'lﬁ‘i/’lllﬁaW'll!"])'ﬂll'l’\'uﬂﬂﬂﬂ WI&JVI ﬂ'l?iuﬂﬂluﬂ'i“‘ﬂ']ﬂﬂi”ﬂﬁ'Nu

e &
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Alr cond = Performance Indicator

COP (coefficient of performance)
Cooling output at evaporator

COP=

Work input at compressor

EER (energy efficiency ratio)
_ Cooling output at evaporator (Btu/hr)

EER =
Work input at compressor (Watt)
kW/TR '
KW/TR = Work input at compressor (kW)
Cooling output at evaporator (TR)
where as 1 TR =1 ton of refrigeration
1 TR =12,000 Btu/hr =3.52 kW =4.71 hp
1 watt = 3.4 Btu/hr
e - i _]BTU =]._05L¢m#~1:-_-a+wa- .L{éb

Alr cond - Performance Indicator

An 1 TR air conditioning unit consumes 1,100 watt of electrical
power. Determine the coefficient of performance (COP), energy
efficiency ratio (EER), and kW/TR.

Cooling capacity = 1 TR = 3,520 watt = 12,000 BTU/hr

cop= Coolingoutput at evoporoToL 3,520 watt

_ =32
Work input at compressor 1,100 watt

Cooling output at evaporator (Btu/hr) 12,000 watt
EER = = =10.9

Work input at compressor (Watt) 1,100 watt

KW/TR = Work input at compressor (kW) _ 1.1 kW

=1.1
Cooling output at evaporator (TR) 1TR

o " e &
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Alr cond = Performance Indicator

ﬂ’)ﬂﬁdﬁ'ﬁ'ﬂ%a‘iﬂ’)ﬁ'?’l’)ﬂ?’?ﬁdlﬂ% (COP)

cop 0, Q, =anusasalunisyhanuidu, kw
E = anudasmsluwn, kw
comp comp
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Air cond — inunaasszuudsuania split type
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Air cond - Split type - iszinnaas Compressor

1 wwvanau
Y Y

T
=

2 vuulsms

3 muunuwes (Scroll)
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Air cond — Split type - 1A 1RUsEANS AN

1 o [~ Q [l 1
U @dNIfsanzn1INIaNNLgn (COP) LLdAY 3AINFINILHEING
o { ) [~ & A o 1
wasswaNasaufinasulagaagaiin (@naduivinla) de

WA I b
AN m
Py ; 2
COP = u §
h2 J— nu:qmnmmnmwn’
l,lv‘

sanmmharmiby e, - b, [ 1
L

inluisiand
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h, h, h. ounail

o [ {
PRMAYEIINIANNLERNLTNABNIALLDS, kd/kg

o [ {
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Air cond — Split type - Jta31E9iLIEEANS AN

Mechanical Section - Reach-in freezer
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Air cond - Chiller - 3t@s1zHUsz@Ns AN
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Air cond - Chiller - Usztanaasszuu
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Air cond — Chiller - @idsznayudn 9
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Air cond — Chiller - n1sns2a9mnilsz@ansnn
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Air cond — Chiller - n1snsqa9nisz@nsnn
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Air cond — Chiller - nnsnsqa9nilsz@ansnn
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A29879 N1IATIVIALATDINWILTULATDIRTH
Y] g‘ [~3 H o g/ [~3
—  3a9N3 InanaIn I anILaTaINNwILE Y 480 GPM
ad o o ”1 o
—  amvnduug 55°F uazlwasan 45°F
v
—  anuaasn13 N 120 kw

o [
YRIANTIAINNLE W

480 x (55 - 45) | 24

200 TR (2,400,000 Btu/h %38 702.7 kW)

A A { o & &
seansnNVaILAIDINNWILE®

EER = (2,400,000) / (120 x 1000) = 20.0
coP = (702.7 x 1000) / (120 x 1000) = 5.85
kKW/TR = (120) / (200) = 0.6

o — b
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Air cond — FCU/AHU - nsmsaainilss@ngnn

Fan Coil Unit
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Air Handling Unit
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Air cond — FCU/AHU - nsmsaadnilse@ngnn
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Air cond — FCU/AHU - nsasaadndsz@nsnn
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Air cond — FCU/AHU - nsnasaadniss@nsnn
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Air cond — FCU/AHU - nsmsaainilsz@ngnn

e o A o ] 4 2
A28819 NINTIVIALAIBIUTUBINE Split type LATDINII
® V) H ‘g - V)
AMNLIIANNAULRAY 0.5 m/s LAazNwNBaIANNAL 0.9 m?

ax918 16°C uaz 79 %RH uazannau 25°C uaz 58 %RH

Aadlnidn 2.4 kw

LWNALANIYUATANNALLNINDY 38 kd/kg Wae 55 kd/kg
aumguﬁslmh%ﬂaﬂﬁtﬁu = 0.5 x 60 x 0.9 = 27 a4/

= 5.707 x 10> x 27.0 x (55 — 38)

QL
= 2.6 TR (30,879 Btu/h %38 9.1 kW)
EER =(30,879)/(2.4 x 1,000)= 12.9
COP =(9.1)/(2.4)=3.8
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Cooling Tower

Performance of cooling tower is measured in term of its approach.
UApproach means how close temperature of cooled water comes
closes to wet-bulb temperature of the ambient air, when water is
cooled through the desired range.
Coolingrange =Ti—To
Approach =Ti-Twb
Cooling tower thermal efficiency = Cooling range / Approach

Ti ‘

Twb

° i
_ e

Cooling Tower — saasine spec cooling tower

COOLING TOWER SCHEDULE ICT BUILDING
UNIT No.
DESCRIPTIONS
CT-9

QUANTITY (SET) 1
CONDENSER WATER FLOW RATE (US.GPM) 700
CONDENSER WATER IN/OUT TEMP. (F) 100,/90
AMBIENT TEMP.('FDB/FWB) 95/84
TYPE INDUCED DRAFT CROSS FLOW
HEAD LOSS (Ft of Water) 15
ELIMINATOR PVC
FAN MOTOR IP 55 CLASS F (HP) 10
POWER SUPPLY (V/PH/Hz) 380/3/50

° ) _ e
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Water flow in

temperature
e —> _
=37.8degC

Cooling Tower

Ambient temperature
TDB=95degF=35degC
RH = 63%
TWB=284degF=28.8degC

Water flow in

Water flow out - -
temperature _ e o
To =90 deg E
=32.2degC l Shatho l
t. —t _ 3780
TlCT — i 0 ><100 El t, =37.8"C
ti — twb t =322°C
t,, = 288°C
E M =622%
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Cooling Tower

Ambient temperature

temperature
Ti=100degF
=37.8degC

Water flow out

)
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Absorption chiller

Exhaust gas
Steam

Hot water
Waste heat

Natural gas
Biogas

LPG

Diesel

Solar energy
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Absorption chiller - Process

Evaporating Process
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Absorption chiller - Refrigerant

** 713790 auﬂué’nwmwadmi@;wammdwmsﬁﬁmwmﬁu
O ¥
 wanluifly (NH,)-1 (H,0)

v

s anatioaluslud (LiBr) - (H,0)

Refrigerant Absorbent
Water LiBr
Ammonia Water

© ——— —

Vapor compression VS Absorption chiller
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condenser HEAT %
FLOW

4
COHDENSER

GENERATOR

d-:-l-:-p

-

weEAK 1 STRONG
EXPANSION SOLUTION  SOLUTION
| metering - MALE VALVE
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g HEAT
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FLOW
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Vapor compression Absorption chiller
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Absorption chiller — Refrigeration cycle

CONDENSER GEMERATOR

Colling water

Driving
heat
source
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Absorption chiller — Single stage

Pressure
approx.
&0 Tormr
60 mm Hg
80 mbar Condenser Towear Water Out
2 kPa
i Steam or Hot
Water
Pressurs
approx.
6,2Torr Chilled
6,2 mm Hg Water
8,2 mbar
0,83 kPa
325C
Tower Water In
=3 Chilled Water
=3 Tower Watar
== Concentrated Solution (LiBr)
=3 Diluted Solution (LiBr)

3 Steam or Hot Water
I Refrigerant (Water)

o —

I, M -

Absorption chiller — Double stage

Absorption chiller flow diagram
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Absorption chiller—R 718

Table A-1b Properties of Refrigerant 718 (Wa

Absolute  Density, Volume,
Temp.,” Pressure, Liquid, Vapor,
C MPa kg/m? m’/kg

0.01  0.00061 999.8 205.98

500 000087 ) 9999 14702 => ~0.01 bar absolute
1000 000123 9997 10632

1500 000171 999.1  77.900
2000 000234 9982  57.777
2500 0.00317 9970 43356
3000 000425 9956  32.896
3500 000563 9948 25221
4000 000738 9922  19.528
4500 000959 9902 15263
(5000 _001234) 9880 12037 => ~0.1bar absolute
5500 001575 9856  9.5730

60.00  0.01993  983.2 7.6746
65.00 0.02502  980.5 6.1996
70.00 0.03118 9778 5.0447

@ e

A, R - Léh

Air cond — Absorption chiller - iszian

o [~ &
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o « &
+ STUUTNANNEWIUIUATNEDITH
% WARIANTOW: Lan1ANNAK = 8 kglcm? ¥30151501 180-200°C
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[J & < A
+ sruurnaNadwuuugadasia nsilagass
+ lFarusauarnnisun lnsimamasnigluiaiasniia wiaa1a
v Sl (24 v o
Fouluztuasinnian (190-204°C)
» COP~11
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Air cond — Absorption chiller - vannam
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- . . Y] Jd
Air cond — Absorption chiller - wannam
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¢ Automatic On/Off Mechanism
* High Efficiency Lighting System
¢ Natural Lighting

* High Efficiency Motor

* Resizing

¢ Variable Speed Drive

* Higher Efficiency Air Compressor
¢ Intelligent Flow Control (IFC) System
¢ Heat Recovery

¢ Higher Efficiency Heat Exchange Element

* Variable Speed Drive for Cooling Water Pump
* Recovery Heat within Process (Pinch Analysis)
* Higher Efficiency Chiller

* Absorption Chiller

* Better Building Envelop

N i LT S, e T -

b
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a5U: daeg1amnInig drualuieu

* Blowdown Heat Recovery

* Flue Gas Heat Recovery

* Boiler/Piping Insulation Installation/Improvement

¢ Better Combustion Control

* Process Improvement Resulting in Steam Consumption Reduction

* Flue Gas Heat Recovery
* Furnace Insulation Installation/Improvement

* Better Combustion Control
* Process Improvement Resulting in Fuel Consumption Reduction

@ - et S P = S g e 11 e o B
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% Flue Gas Losses
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