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1. Liquid chilling packages
2. Water-cooled condenser

3. Evaporator

)

~

—
4

Energy Management Requirements

o




Sylke sl € ay o3lg 5l g (gl am s ool 5okl ol o glols

Ol lailin! ol 0 gl o ool €« SiS—O g5 sl g gudlaiSL (g e oSTy5 L Lo»
byl o slis 5263551 (o0 w3 (65,31 oz (saizojl o0gama L, L (23l silles
S o5 aseialy e 5610 e e Ll o ailin] (nl el (oo, (65,1 B pae L

oIl el ¥
Ol s el oau ools gl (T s o Jailiiwd ol e 4 el 1, yie (gl 5 (ol S 0

Lo Sl bl azlie )90 19 098 oo wgmnzme o il cpl 3l 2252 S, e (] s 5
b H1a30 150 S e (ol (g (gl Jainn oo g v Dol (0g2 g &g 40) lad dyoss
‘_gLas).la’J.\g...\eriLQAP)L@‘O.i)éioﬁ)lfdlial‘o)l\.\jt;w‘d‘éb.:.iédﬁ)lswlf;e‘.go?eQ.ll
Ol Gl s Ol G B g ezl 3590 530083 18 (o) 23590 ) 15 (IS e
ol H1855 550 00 00l gl ol S Joe o Jlainsazs b g ol

: el ‘50‘).“ Q)L)JL..M:‘ u.:‘ o).»)lf 6‘1.: PRI )‘ ool

ool Sl sbey—shez VTV Lo PEVA o et sl Lo o e -

iy s g lo>Mlaio! - ¥
5P 0 iy a5 (glaesly g oMol b ol e 52yl b oMol 5 Laoly o sl ol yo
gy oo S A YPVA o lats ay ol (o s sl

- \-Y

s s e 51y JUl g (il s S 5 3 ol Ly a5 el _alSss
s ool (580 T s Sl el ansl 0 oy ol oo To b T Ygano 45 alauy
Mb‘):ud.{.u‘bjob@o&w&bb)%u)y

S — Ol jgamlais —¥-¥

a0 o Sl gy 3 Vgmno oy Sl 01 15 85 (5 Joo S Jl el s
gy sl a5 09,0 L g aals) (39,0 Sl 4y el Jae 3l ol &l 09 o0 Jaad aole
&le o3y (393be g3k jo Jlonw 5 €1 (393 (sLed 2alS ] 3 (ol (e 53 98 oo 00l
S 8500 Mg oo 53l peo Jlo

é.g.l.o)gﬁ'|x|5| -Y-Y
0085 b 5y oL 5 Ty s 3 e ol 50 45" ansl i lis 4l S acgars Sy

D9 oo gale (a8 s g le ys Sl S o g Al 13

bo-f-¥

=




NN

=
o

7

agiy o cungj g §

N

S oF -0-Y

MEEERE
S axly s Gl azlg godgr aule (29,5 9 (6999 (ST o oo 559,05 @ palol>

Az S5l oz 5 Joddl 9w 9 65 518 o (5 S 0 3l (s - F

&S558 yuan 2Ll cymuri —V-F

45 39— oo G Ol D39, 9>ly 1 e (65, Brae e Wl (655 B mae (a3
Jolaz polie o8 ool (65,1 Brae sl ioa b g Sojlal ade. 093 oo (gaizoil YV-)
&lp A0 WWAD JLu B VY AYAY Lo B VO 5 JguB LB Jlude JBlos gauslb V=) g VF-19 1O
B e gmo S hailinl (b Callas pae lgie 45 S lade all S LS ATYAD jlow sl JLs
08,5 o e (65l o p ¥ cins ) 48 ool s 45 (65,3 B yae aLis

Cod p b 0lio cymnni — Y- F
23 30 Dl 09b o0 et 25T 485 (G390 O e e (HBly by g ool i o ol
9 5l ez ¥

e S N e

D98 0yt VIV A 0 Loy )] ol Lo lilioaal 51+ o illas Lo ((adlg 8 ) oy 15 allecod b

oo byl —V-1-Y-F

(Slibepms Jlomw g 0 (0 o 5l g 9 00 A3 5 (6 S Cags (St b L oS
oylas s oyl sl (oo jlaslind 51 o o as Sledlblead gl oY hlug o loonssS J,0S a5l 0,90
898 yoze wal ode] YEVA

..\...ul; owwujﬁ)‘i ﬁl"’"’|)‘LPW‘N&‘}_UT)BML\"SB)y‘)"‘B‘_

S sl 5 Y=V ais 850 58,5 s o b o zeses 0,5 S35 0sS IS S oy o dy sl L -
DS 9,51y ygey] g 00 (ytedae YEVA o L 4 o)l ol Lo

Dl 0 15 et 510l g3 ol 5 LS dais L 8 slalS -

‘al?u‘ Y‘?V/\O)LQ.M» L U‘)”‘ ‘SLA Q)L)..:L_M:‘ )‘ Y*Vd.u d)UaA ..bl) U?A)T 6@6}0‘5) 9 g_JLJ.A.C )JLMJ =

Dgbaid S lai o g

oK éé}“&"i‘)‘m("wm 5-Y-f
YEVA o Loy o))l o o lailen] o as ol Sl 80 llas L L (3 as les Jade (6,5 o5l
ol ol e 5

[ Y .
AN
I Energy Management Requirements

a

< >




551 o slrog )5 guda o3 Wl oo — B

O D39y 9>ly Loz (6551 B pan e palie bl aS (anosl VWY Jguz 5o
D 00 (i ya5 dgdz el 3 olSwd (675,51 8 mn 09,5 b g Ay a5 el o sl )| el o
Ll 00U yastiie FUALngua}LLLg‘_g&:.go)‘Lg.ogﬁanQ]

SiPl oz p-#

9 Jyame ;o o 8 lasine gl las 4y by o DD (ol slazio (65, oz
el Dgean 8 Slastin gl Lo b lanlis

o8 (59, 5 b oz 22l gl 5 Ul & j90 a0 b oz 2 (59, 2 e DU
AL g, Jb Sy a5 090 oal e

o 32 30 Ty 3,lg0—)-F

ez o .0 Jili] eadle )

FUA 3l samolb-Y

&5 003l Lzl -Y

(5390 0P oz ) ol Zosd 5 - F

SsS a3 S 1 a0

e —F

@ ol 25 0l o i 9.0 il dansg Lansgs (55,318 09,57V (5 5Ly
Sgi oo pAE] 0053l 4 g s coda] s A (503

aly s 3l ool 590 33 g o1y (65,31 S ikl Codle il calbge oaslu Y (5 9T0k
led et olSiwd (53, 2 ol )8

3 e S bl 3 sl oolazisl 5550 olSiwss £45 9 Jow c0aiSadgs ob:Yig,glol
D9 TS e 3259y 2 s Slasie S

SO Y S 45 4S5 98 50 ) cnz el el 50 g Sz Wl o il Fis gl
ey o Cannd DMl a8 g 0095 i b Lz colod 10 ez o Counnd ledl ]

oolaiwl s yg0 ST - Y-F

45 (CMYK 3s) Sl (Lol (slacsS, ol 2 ez 2 (55,2 03leul 5 )90 slo G
A3l oo (Black) ol g (Yellow) o, {Magenta) yig, S5 {Cyan) (slojg 8 slass,

O85BS sl oo Jol () (IS IS0 3585l S5l leds oS 5L
(8103958 do o jawo aS el )] Lo 07X0 Jlice jobo do. el CMYK & a0 40 50 o 55,
Rl el oS 5 50080 Lol 2o 3 jaog 9,5 0o N ¢ 2 g Sy o Ve
g oo patie 2 (K5 LS Llaes, jlplaS o ol

=




R
o
: é?)—

ba £

2
g V:X0X 0 f.00X 0
4 Y:70X 0 5:03X 0
3 Y:30X 0 $.07X 0
‘T
ﬁ:
G5B pan sl nd gl (65,0 B ran sloog S (gats o VO-) Jgax
A4 OYAY o b)

W o8 B Sl A (B e g

kW/ton < 0.7

0.7< kW/ton < 0.8

0.8< kW/ton < 0.9
0.9< kW/ton< 1.5
1.0< kW/ton < 1.15
1.15< kW/ton < 1.3

m| m|O Nn|w|>

5B pan Ll i (6l Jlzr (65, B an slaeg S (gan ol VP g
OYAD Jls 5 YYAY JLs 5

A o g2 sl A (S pae ol
kW/ton < 0.65

0.65< kW/ton < 0.75
0.75< kW/ton < 0.85
0.85< kW/ton < 0.95
0.95< kW/ton < 1.1
1.1<kW/ton< 1.2

mim| O N| W | >

S5 Bpan (ol el gl Hla (65518 pan sloog 5 (gatojl: VWY Jga
(0 4 YYAD slo L)

N o 2 il (B pan By &35S panoily
kW/ton < 0.5

0.5< kW/ton < 0.6

0.6< kW/ton < 0.7

0.7< kW/ton < 0.8

0.8< kW/ton < 0.95

m m| O Nn|lw| >

0.95< kW/ton < 1.1

Pt

i

—

Energy Management Requirements

—

< >

=




S5 B pan (5525 03l Ghigy— A 5 (Sl ygmm S0 lailin] (lgis @
Johle VDY (ol Lo o il 1o slialo oo
Q‘)"‘ I Bev) uLQa.QPU 3 "5\>)b.;l:...»lw54:o.\.w S dpse

c).g)lSA.'a.ob,g.éM—\

518 pan e g0 o aLis froxig (6 S ol g s ool ol 905l B0
Bl SGal s Jaslins] il oo e ol o 9 Slailo S (SU- 05 15 (sl jgan S
)‘LQJS"“’)""’SQT(SL""")"L‘o)ﬁigs‘W‘“‘Jsd)f“-e)m)l’u°QSWb‘)°MMgPL“
g glwlids (65,538 a0 a3

6l> LS) «)5_...:)?.0.5» a)|9 )‘ MJ}Q—AM 6‘)4 [SETRLN) UJ‘ )‘ Q)L.\;L._M:‘ Q—‘" )Q (5)5T‘>l—"
Do g0 oolainl « Sl oy ;5 sy g eSO Le

e =Y
Ol as el oo ools gl (T as o Jailiwd (ol e 4 ol 1, a0 (gl 5 (ol S 0
L ogolz g sho gl e 3590 50 09 so gaimo & il ol 3l 52 < yie o
b e H1a5 0590 S o (ol (gas (sl lainn o g Mol (0929 & jguo 40) Jlasas o
L;Lca).léj.)iq.?djLbd.,;)l..olQ.u.‘éjoﬁ)lSQLid‘.b)lqst;wloﬁéé.;lédﬁ)b’w]l;;edas:?jQ.;.l
Q-.'.)-"’T Azl s ol 2ol e gl re 0 00 j0 008 )8 sy 0550l 55 el IS 0
Sl s ez el eslaiul .ol Jlas s g0 00l ools gl )|l Sl UT).'a.n.bA?u Lyl
FOVERERUPS VNI P ISP RO J-T-SPOWIVOX 3 | 00 W) o 0 /AP DRSO JOY S PR K GO

gyl g oMol - ¥
S el iy ya5 gloesly g lMasl Lol e 525 i )la L loMasl g Lol o il ool 5
KOOI LIPTE o 1 AR DN PR PO P DO K o

PEIWRTIMUPT SV PO §
Sl g (gl dilngy (SO 1393 245 0055 j5u 205 9 S0 XSl j5igedcgamody
S (o0 )52 B 5 589, 5 (boglSie 5 (S 5STl jgige g a3, S idb s Ol g (S

o 2 1l ygun ypeS Y- ¥
S

1. Hermetic motor compressor
2. Positive displacement comperossor
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1. Single packaged non — ducted air conditioners
2.Condensers
3. Evaporator
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1. Split system non - ducted air conditiners
2. Multi split - conditioners

3.Indoor - units

4.Out door- units

\%\v‘.’\é 5.Windowless

[ Y .
AN
I Energy Management Requirements

/6{ < >



que)oljJiﬁjsb;.othx@.s:cmed\.apgwojﬂdué)ooylﬁomj
Wl oals (o (s 5 90 (gLad) ambl 5Ll (glad G 4y 0uls 4y 545 slen (JUIS
shlog ol Wilos oo 55 5 0392 (675 Cugho 5 Lo o Somal (6T ey e S Sl
ol (l rizea 3L I 20V 5 95150 (50,5 4 Lo ooy 57 LoyS Sl sl
Sl 43S 4y 5 ol lgp a3 b aiged o 5 agb, doyS ol (sl (hilus ol Wils oo
i) 2Bl 0l S e (slavdc gosms 5l g il dcgosme S 5l ion 45 05 4L
okl 8,90 SHaSG Las gl >l (glaisS 4wl e (sleacgoss (pld(aST aiz b 4o
4 acgasme JS ululp o b s gl o lailiwd Cpl 5o eald a3l ol yae g 05,5 1,8

Lol 0 )‘9""" O yge

(55 90w b/ 98,m) JUUS (90 (SUT £ 51 Lo 5 ooy -Y-¥
‘w‘owjtungﬁ)‘)]a)‘%élg‘o)za)QM)WQASLg)}AZAst&M&—JJ‘
lijlﬁmo):;;;.;)adhlwlewsaﬁzm(uaw)A;M;S.l—‘_')
&ﬁ)shmbbwo&méw‘dwsawujﬁéw)du.i)iégm$m‘ss)
o (>l (155,50 (Slad) 4 mlily 3l cainn (5128 G 400 43505 (slgm (JUS (y90) S
ol yos ddlog azilizr bl o 5153550 Jguad 53 oS 5 tale oo (5l o] 4l 5 s
Lo,5 a5 09 asislos (gl disS 4y wle o Lo )5 oo el a3 0 90 ol (! 5l (6,25 Zusbo,

S ol g oy g a8 )T 00l dy 905 (glad I

1 ylxito glgn— T ¥

el iy Slasin gl B )leie slon

¢ pgudes a0 Ve oo Sl Ol sloo -
¢ JCly sLS Y VYYD g Lo

S yie pp S S VY ¥ (coy2 (-

S e oo B
Tles 03l S o g s LayS oy Ly 5 IS a8 wily oo o 5 ogeimn (sloyT uslie pazr
QS a0 945 (Lad S 3l s

" Lo 5 s BB
lad G pame Slej 03L SG 0 Wi oo Loy ay ST wib oo (ple,S lade
S adlsl s 4y g0

1. Standard air

2.Total cooling capacity
3.Interval of time

4 Heating capacity
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1. Latent cooling capacity ; room dehumidifying capacity
2.Sensible cooling capacity

3. Energy efficiency ratio

4, Coefficient of Performance (COP)

5. Effective power input

6. Total power input
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In primary energy terms
(GJm(1)

In final energy (GJ/t)
Process
Electricity|Feedstock| Fuel

=

Organic
Acetic acid 0.5 4.1 12 46
Acetone 0.2 9.8 0.5 109
Acrylonitrile (CAN) 08 03| -64 2.1 03| 71
Adipic acid2 0.5 10| 185 12 10| 206
Benzene(steam cracking) 0.3 0 131 -14 0.7 0 131 -15
'Z‘f(’t‘fc’:;(r‘*‘)mmat'cs 0.1 45 20 0.1 45 22
Benzene (steam cracking) 0.3 131 -14 0.7 0 131 -15
Butadiene (c4 separation) 0.5 0 6.7 13 45 7.5
Butylene 0.1 45 20 0.1 45 22
Caprolactam 1.1 02| -32 26 02| -36
Cumene 2.1 -2.8 2.1 -3.1
Cyclohexane2 0.1 -1.6 0.2 -1.8
Dimethyl terephthalate 47 4.7
z'izgf;‘;';’;litha”e 32 09 | 80 10
(MDI2) 0.8 222 20 23.1
Ethanol2.3 03 45 131 -14 0.7 45 131 -15
Ethylene4 0.1 33 0.2 36
Ethylbenzene(EB) 0.2 44 0.6 44
Ethylene dichloride(EDC) 0.2 0.8 35 0.5 0.8 39
Ethylene oxide(EO) 0.8 25 2.0 25
Formaldehyde5 0.8 -4.8 19 -53
Isopropyl alcohol(IPA) 0.1 5.2 54 0.2 52 6.0
Maleic anhydride 0.1 20 0.3 2.2
Melamine5 19 79 39 47 79 43
Methacrylate 0.1 20 03 22
g/:t:anol from natural 20 85 20 04
Methyl tert butyl ether
(MTBE) 0.1 0.8 0.1 09
Oxo-alcohols 25 23 1.0 2.1
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Q Phenol 0.6 9.1 15 10.1

é Phthalic anhydride 0.7 20 18 20

ﬁ: Propylene (steam craching) 0.3 45 131 -14 0.7 45 131 -15

X} Propylene (FCC)7 0.1 45 20 0.1 45 22
Propylene oxide2 038 142 | 21 158
Purified terephthalic acid(PTA) 03 26 0.8 29
Styrene 7.7 86
Toluene( aromatics extraction)8 0.1 225 20 0.1 225 2.2
Toluene diisocyanate(TDI)5 2.8 217 7.0 241
Xylene (aromatics extraction) 0.1 45 20 0.1 45 22
pXylene 02 63| 08 05 63| 09
Vinyl acetate monomer2 3 2.8 75 3.1
Vinyl chloride monomer 04 27 10 27
Urea 0.3 22 0.6 25
Plastics
Phenolic resins5 10.0 1.1
Polycarbonate 22 103 1.5
Polyethylene, high density (HDPE) 09 1.0 22 1.1
Polyethylene, low density (LDPE) 35 2.1 88 24
Polyethylene, linear low density 04 16 1.1 1.8
(LLDPE)
Polyethylene terephthalate(PET) 0.7 4.1 18 4.1
Polypropylene(PP) 09 0.1 22 0.1
Polystyene (PS) 04 0.5 1.0 0.5
Polyvinyl chloride (PVC) 06 05| 12 16 05| 14
Urea formaldehyde (UF)& other 0.2 20 0.5 28
resins & fibres9
Synthetic rubber & latex9 25 19.9 6.2 22.1
Inorganic
Ammonia from natural gaz6 0.3 20.7 109 | -39 0.7 20.7 109 | -43
Ammonia from coal6 3.7 20.7 173 -13 9.3 20.7 173 -14
Ammonia from oil6é 05 20.7 16.1| -15 0.7 20.7 161 | -1.7
Carbon Black10 18 328 45 328
Chlorine11 10 19 25 2.1
Oxygen 0.6 16
Soda Ash12 4.1 10 11.1
Titanium dioxide13 28 84 70 41| 93
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1. Final energy has been converted to primary energy assuming a steam production
efficiency of 90% and a power generation efficiency of 40%.

2.Where BPT values were not available, the BPTs were estimated assuming that they are
20% lower than current specific energy use.

3. The value for steam use (22.2 GJf/t) includes both the production of ethanol from
fermentable sugar (13.9 GJf/t) and the production of fermentable sugar from agricultural
crops (8.3 GJf/t).

4. This dataset has been used for the entire ethylene production except for ethylene
production by steam cracking  of ethane, for which the fuel use is estimated to be 5
GJ/t higher. One reason for this higher fuel use is that ethane crackers are generally
designed with less heat integration and higher flue gas temperatures. Another reason is
thatethane steam crackers essentially yield only ethylene whereas naphtha steam crackers
produce also other compounds (propylene, butadiene, BTX); as a consequence the
average calorific value of the output is larger (by approx. 2 GJ/t) in the case of ethane and
propane steam crackers compared to steam crackers operated on naphtha and gas oil
and therefore the process energy is also somewhat larger (higher endothermicity).

5. No feedstock value is given for formaldehyde, melamine, TDI and phenolic
resins because this has already been accounted for in the production of the relevant raw
materials (i.e. ammonia, methanol, propylene, benzene, toluene, and urea) (see main text
for explanation).

6. Ammonia and methanol are most commonly produced from natural gas and
therefore the BPT values for this feedstock are used for all countries with the exception of
India and China where also coal and oil are widely used as feedstock (see text below). The
best practice final energy use for oil-based ammonia production is assumed

to be 30% higher compared to natural gas-based ammonia production (AIChE, 2008;
IFA, 2009b). The best practice final energy use for coal-based ammonia production is
assumed to 50% higher than natural gas-based ammonia production (IFA, 2009b).The
best practice final process energy use for coal-based production of methanol is assumed
to be 50% higher compared to natural gas-based methanol production (process energy
use for natural gas: 10 GJ/t-methanol, for coal: 15 GJ/t-methanol; IEA, 2007).

7. Energy data for propylene extraction in FCC process were not available and have
therefore been approximated using the dataset for aromatics extraction.

8. Half of all toluene consumption is utilized as raw material in other aromatics
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production, i.e. for xylene production via hydro proportionation and for benzene production via
dealkylation. Thus, one cannot assign the full calorific value (45 GJ/t) to each of these chemicals
as feedstock value as it will lead to substantial double counting. Therefore the feedstock value of
toluene is corrected by the share of its consumption which is further processed to other aromatics
(by 50%).

9. The BPT value is for urea formaldehyde (UF) resin production only, however it is used for the
entire product group due to lack of representative BPT energy data for each product. This
process covers the production of: acrylic fibres, nylon fibres, polyester fibres, acrylontrile-butadiene-
styrene (ABS), styrene acrylonitrile (SAN) resins, Melamine-formaldehyde resin, UF resin and polyester
solid state resins. The BPT value for ‘Synthetic rubber & latex’ actually stands for ethylene propylene
rubber (EPDM) production. Due to lack of data, the same BPT value is used also for the production of
polybutadiene (PB) rubber, styrene-butadiene rubber (SBR) and related styrene-butadiene (SB)
polymers.

10. These values are net energy requirements. This means that released energy in the form of
steam or power is credited (see main text for explanation). For example, tail gas in carbon black
production may be used for heating of dryers process and partly for steam (and sometimes
power) generation.The outputoftail gasis therefore deducted fromthe gross energy requirementsin
order to calculate the net energy requirements.

11. Energy values refer to one tonne of chlorine production, but cover the electrolysis of sodium
chloride as a whole, i.e. including the concentration of sodium hydroxide to 50% concentration.
The best practice (membrane process) technique has a current density of 0.3 — 0.4 A/cm?2. Based
on industry information it is acknowledged that it is typically not possible to operate the plant
full-time at the energy-efficient current density. Therefore a range of current densities has been
specified for the best practice performance. The steam consumed for brine preparation and sodium
hydroxide(NaOH)concentrationareaccountedforaswellasthepowerrequirementsforrectifiers.Power
required for NaOH cooling, hydrogen cooling and drying, liquefaction/evaporation of chlorine and
its gas compression are excluded from the system boundaries. For the by-product hydrogen, no
credits are given (approximately 3.4 GJ/t-CI2 based on the LHV of hydrogen by-produced).

12. BPT values refer to synthetic production only. In North America (USA and Canada), soda ash is
exclusively produced by mining which requires less energy than the synthetic routes. Therefore no
savings are estimated for soda ash production in the US and Canada.

13.The values refer to the lowest recorded energy use of the chloride process route among the
two processes employed world-wide. The other process is the sulphate process which is less

energy efficient than the chloride process.
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Final process energy and feedstock Final process energy and feedstock

use (incl.electricity) use (excl.electricity)
€ g ] E " 8|&¢ ] E "3

USA 7321 5655 | 077 | 227% 6412 4928 | 077 | 231%
China 5323 5332 1.00 | (-0.2%) 4301 4514 1.05 (-5.0%)
Japan 2252 1959 | 087 | 13.0% 2053 1800 | 0.88 12.3%
Korea 1562 1594 | 1.02| (-21%) 1416 1477 104 | (-43%)
Saudi Arabia 1369 1058 077 | 22.7% 1369 1058 0.77 22.7%
Germany 1241 1209 | 097 | 26% 1064 1068 100 | (-0.3%)
India 1096 1133 | 1.03| (-3.3%) 1096 1133 103 | (-3.3%)
Benelux 1092 1147 105 (-5.1%) 1004 1077 1.07 (-7.3%)
Taiwan 859 738 0.85 14.1% 736 640 0.87 13.1%
Canada 843 766 091 9.2% 776 712 0.92 8.2%

Feance 714 631 088 | 11.5% 627 561 090 | 105%
Brazila2 651 576 0.88 11.6% 572 513 0.90 10.4%
Italy 457 408 089 | 107% 389 354 091 9.1%

World 35217 29940 | 085| 15.0% 31529 26990 | 0.86 | 144%

Sources: Chemweek (20073, b, ¢, d); IEA Energy Balances for OECD and non-OECD coun-
tries (2008b, c); IFA (2009); RFA (2009); SRI Consulting (2008); USGS (20074, b); IEA Estimates

1. The calculated BPT energy use (determined by multiplying the production volumes
with the BPT values) has been divided for all countries by an estimated global coverage of
95% in order to account for the fact that some production processes have not been con-
sidered. The estimated coverage value of 95% was confirmed for a few countries (Brazil,
France, Italy, Taiwan and the world), but it may be inaccurate for others.

2.In the case of Brazil, the production of ethanol is not accounted for because this would
lead to very high negative improvement potentials (-44%).This indicates that bio-ethanol
manufacture is not part of the chemical and petrochemical sector in energy statistics, but

part of the conversion sector or in the agro industrial sector in Brazilian energy statistics
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Estimated savings (EJ/yr)

Final energy Primary energy
BPT-Process heat! 45 5.0
BPT-Electricity!2 07 18
Process integration 13 0.8 0.9
CHP4 2 2
Recycling & Energy Recovery 22 24
Total 10.2 121

1.Primary energy savings have been estimated assuming 40% average power generation efficien-
cy and 90% steam production efficiency.

2.1tis likely that the total energy saving potential, which is based on the situation in OECD Europe,
is underestimated especially in developing countries and some newly industrialized counttries.

3.This is limited to heat cascading and process integration in material flows only.

4. Energy savings from increased use of CHP are assigned to fuel due to the negligible share of

power which is used as input to generate electricity.
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Steam cracking, fuel &
Steam!

/Ammonia, fuel& Steam2 | 41.6 |35.0 |35.0|37.3|38.0|36.0 379496 |37.2|402 357 |42.0| 360 |37.0
Methanol, fuel& Steam3 {109 | N/A | 100|124 |114{10.0(100|150(100|109| 00 | N/A| 100 | 100
Chlorine, fuel& Steam? 29 (19|12 |23 |47 |44 |47 |27 23|06 [04|19| 29 |29
Chlorine, electricity? 108(10.0/11.1|/11.0{ 106 (108|106 | 144|114 |11.2|122(100| 108 | 10.8

Soda ash, fuel& Steam> | 10.9(106|11.6(11.6| 69 |11.7| 69 |138|11.6|136|126[106| 116 | 137
Soda ash, , electricity> 0202|0303 [00/03|00({02|03|03|03|02| 02|02

169(126 (153|157 |183|17.1|183|16.7|154|16.7 | 159|126 | 183 | 16.7
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In final energy (GJ/t) In primary energy (GJ/t)
P g ¢ g
Process g o v o
o | & W &
S| S r
g | o S | ©
Organic
Acetic acid 1.0 5.7 25 6.3
Acetone 13 139 33 155
Acrylonitrile(CAN) 0.8 03 45 2.1 03 -5.0
Adipic acid 14 12 | 257 | 36 12 | 286
Benzene(steam cracking) See:Table12
Benzene(aromatics extraction) 0.1 | 45 | 1.03 | 32 | 0.2 | 45 | | 36
Benzene(steam cracking)
Butadiene(c4 separation) 0.7 45 73 1.7 8.1
Butylene 0.7 45 7.3 0.2 45 3.6
Caprolactam 17 0.2 4.1 42 0.2 45
Cumene 0.1 18 0.1 20
Cyclohexane -13 -14
Dimethyl terephthalate(DMT) 6.0 6.0
Diphenylmethane diisocyanate 4.0 1.1 10.0 12
(MDI)
Ethanol 10 | 139 104 | 25 139 1.6
Ethylene
Ethylbenzene(EB) 0.1 39 0.2 44
Ethylene dichloride (EDC) 0.3 53 0.7 53
Ethylene glycol(EG) 03 1.1 8 0.7 1.1 9
Ethylene oxide(EO) 1.2 3.1 3.1 3.1
Formaldehyde 09 57 | 23 -64
Isoprpyl alcohol(IPA) 0.1 6.2 6.8 03 6.2 7.2
Maleic anhydride 0.1 24 03 27
Melamine 2.1 9.0 194 53 9.0 216
Methacrylate 14 100 | 77 36 100 | 86
Methanol from natural gas
Methanol from coal
Methyl tert butyl ether (MTBE) o1 | | | 15| 02 ] | | 17
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\ \V Oxo-alcohols 12 25 3.0 238
Phenol 1.0 9.6 2.1 10.7
Phthalic anhydride 0.8 240 240
Propylene (steam craching) See:Table12
Propylene (FCC) 0.1 45 32 0.2 45 36
Propylene oxide 1.0 18.0 26 19.8
Purified terephthalic acid(PTA) 17 1.6 17 42 1.6 18
Styrene 9.2 103
Toluene (aromatics extraction) 0.1 45 32 0.2 45 36
Toluene diisocyanate (TDI) 28 248 73 6.9 248 8.1
Xylene (aromatics extraction) 0.1 45 32 0.2 45 36
p-Xylene 07 14 | 67 | 17 14 | 75
Vinyl acetate monomer 3.6 48 9 53
Vinyl chloride monomer 0.7 36 0.5 1.8 36 0.6
Urea 0.3 3.9 0.7 44
Plastics
Phenolic resins 12.0 133
Polycarbonate 2.7 129 | 68 143
Polyethylene, high density(HDPE) 0.9 29 23 3.2
Polyethylene, low density(LDPE) 35 0.1 89 0.1
Polyethylene, linear low density 1.0 14 26 1.6
(LLDPE) 4.9
Polyethylene terephthalate(PET) 0.8 2.1 49
Polypropylene (PP) 1.0 0.5 1.0 26 1.1
Polystyene (PS) 04 0.6 0.0 0.9 0.5
Polyvinyl chloride (PVC) 0.7 14 1.8 0.5 1.5
Urea formaldehyde (UF)& other resins & 0.2 25 0.5 28
fibres
Synthetic rubber & latex 2.8 7.1 255
Inorganic
Ammonia from natural gaz
Ammonia from coal See:Table12
Ammonia from oil
Carbon Black 18 | 328 199 | | 45 [ 328 199]
Chlorine See:Table12
Oxygen 08 | | | [ 19 | | |
Soda Ash See:Table12
Titanium dioxide 55 | | 130] 7] 137] | 130] 130
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1. For chemicals for which no source is given the current specific energy consumption has
been assumed to be 20% higher than the Best Practice Technology (BPT) value

2. Specific energy consumption of titanium dioxide is estimated based on the global shares of
chloride and sulphate processes and the average specific energy consumption as given in IPTS
(2007a). The SEC value for TiO2 production includes the following processes: TiO2 usage ore

preparation and oxidation/calcination, TIO2 usage finishing and effluent treatment.
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ASME Performance Test Codes:

« PTC1 - 1999 - General Instructions « PTC2 - 1980 (R1985) - Code on Definitions and
Values

+ PTC4- 1998 - Fired Steam Generators

+ PTC4.2 - 1969 (R1997) - Coal Pulverizes

« PTC4.3 - 1968 (R1991) - Air Heaters

+PTC4.4- 1981 (R1992) - Gas Turbine Heat Recovery Steam Generators

« PTC5 - 1949 - Reciprocating Steam Engines

+ PTC6 - 1996 - Steam Turbines

+ PTC6A - 2001 - Test Code for Steam Turbines - Appendix to PTC 6

+ PTC6-REPORT - Guidance for Evaluation of Measurement Uncertainty in Perfor-
mance Tests of Steam Turbines

« PTC6-S - Procedures for Routine Performance Test of Steam Turbines

« PTC7.1- 1962 (R1969) - Displacement Pumps

« PTC8.2 - 1990 - Centrifugal Pumps

« PTC9 - 1970 (R1997) - Displacement Compressors, Vacuum Pumps and Blowers

+ PTC10 - 1997- Test Code on Compressors and Exhausters

+PTC11 - 1984 (R1995) - Fans

«PTC12.1 - 2000 - Closed Feed water Heaters

+PTC12.2 - 1998 - Steam Surface Condensers

+PTC12.3 - 1997 - Deaerators

«PTC12.4 - 1992 (R1997) - Moisture Separator Reheaters

+PTC17 - 1973 (R1997) - Reciprocating Internal-Combustion Engines

+ PTC18- 1992 - Hydraulic Prime Movers

«PTC18.1 - 1978 (R1984) - Pumping Mode of Pump/Turbines

- PTC19.1 - 1998 - Measurement Uncertainty

+PTC19.2 - 1987(R1998) - Pressure Measurement
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« PTC19.3 - 1974 (R1998) - Temperature Measurement

« PTC19.5 - 1972 - Application, Part Il of Fluid Meters: Interim Supplement on Instruments and
Apparatus

«PTC19.5.1 - 1964 - Weighing Scales

+ PTC19.7 - 1980 (R1988) - Measurement of Shaft Power

+PTC19.8 - 1970 (R1985) - Measurement of Indicated Power

AR NY «PTC19.10 - 1981 - Flue and Exhaust Gas Analyses

+PTC19.11 - 1997 - Steam and Water Sampling, Conditioning, and Analysis in the Power Cycle

« PTC19.14 - 1958 - Linear Measurements

«PTC19.22 - 1986 (R1998) - Digital Systems Techniques

+ PTC19.23 - 1980 (R1985) - Guidance Manual for Model Testing

« PTC20.1 - 1977 (R1988) - Speed and Load-Governing Systems for Steam Turbine-Generator
Units

+PTC20.2 - 1965 (R1986) - Over speed Trip Systems for Steam Turbine-Generator Units

« PTC20.3 - 1970 (R1986) - Pressure Control Systems Used on Steam Turbine Generator Units

+PTC21 - 1991 - Particulate Matter Collection Equipment

+ PTC22 - 1997 - Performance Test Code on Gas Turbines

« PTC23 - 1986 (R1997) - Atmospheric Water Cooling Equipment

« PTC24 - 1976 (R1982) - Ejectors

+ PTC25 - 1994 - Pressure Relief Devices

+ PTC26 - 1962 - Speed Governing Systems for Internal Combustion Engine Generator Units

« PTC28 - 1965 (R1985) - Determining the Properties of Fine Particulate Matter

« PTC29 - 1965 (R1985) - Speed-Governing Systems for Hydraulic Turbine-Generator Units

+ PTC30- 1991 (R1998) - Air Cooled Heat Exchangers

«PTC31-1972 (R1991) - lon Exchange Equipment

+ PTC32.1 - 1969 (R1992) - Nuclear Steam Supply Systems

+ PTC33-1978 (R1991) - Large Incinerators

+PTC33 - 1979 - Large Incinerators Codes and Appendix Package

+ PTC33A - 1980 - Abbreviated Incinerator Efficiency Test

« PTC36 - 1998 - Measurement of Industrial Sound

- PTC38 - 1980 (R1985) - Determining the Concentration of Particulate Matter in a Gas Stream

+ PTC39.1 - 1980 (R1991) - Condensate Removal Devices for Steam Systems

+ PTC40 - 1991 - Flue Gas Desulfurization Units

« PTC42 - 1988 (R1998) - Wind Turbines

+ PTC46 - 1997 - Overall Plant Performance

+ PTCPM - 1993 - Performance Monitoring Guidlines for Steam Power Plants
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1. Compact steam trap station
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1. Fire tube boilers
2. Water tube boilers
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‘ Lumnens/ Restrike Full Output | AvgLamp Life
Type Color . )
Watt (Min) (Min) 1000 (Hours)
Incandescent Warm yellow 8-24% - - 0.75-3.5
Fluorescent Varies,a lot of 60-100 - - 7.5-20
Options are
Mercury Vapor available 35-55 37 3-7 10-24
Very blue white-
tends to get
Metal Halide greenish with 60-110 7-15 2-5 6-20
time
High Pressure “white’; signifi- 40-125 2-6 1-2 7.5-24
Sodium cant color shift
Low Pressure with time 70-180 - 7-15 10-18
sodium Yello orange
VERY monochro-
matic yellow

Relative Energy Consumption for same lighting level as

D ‘ Ballast standard lamp and magnetic ballast.

Standard Standard magnetic 100%
Standard Efficient magnetic 87%
Standard Electronic 75%
Efficient Standard magnetic 90%
Efficient Efficient magnetic 80%
Efficient Electronic 68%

T8 Ballast 56%
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Type Foot- candles Type Foot- candles
Assembly/ Inspection Warehouse
Simple 20-50 Inactive 5-10
Moderate 50-100 Active
Complex 100-200 Large items 10-20
Very Complex 200-500 Small items 20-50
Exacting 500-1000 Boiler Room 20-50
Machine Shops
Rough Bench 20-50
Fine bebch or
Machine work 200-500
Control Room 20-100 Corridor’s, Lobbies 10-20
Mechanical Room 20-50 Office 40-100
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Estnd Eff = Standard Motor Efficiency, as a fraction
EHighEff = High Efficiency Motor Efficiency, as a fraction
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Term ‘ Meaning
CFM Cubic feet per Minute of Air Flow
ICFM Air flow at inlet flange
ACFM Actual air flow delivered after compressor losses
ACFM-FAD Air flow before filter (Free- Air Delivery)
SCFM Equivalent air flow at standard conditions

(2- different standards use this same term)

Psi Pressutre in pounds per square inch
Psig Psi gauge, refrred to atmospheric Pressutre
Psia Psi absolute, which is 14.7 as sea level
Standard Conditions
- CAGI(Compressed Air & Gas Institute) : 14.7 psia, 60 °F 0% rh( relative humidity
- ASME 14.7 psia68°F, 36% rh
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Opening Diameter 1/64" 1/32" 1/16” 1/8”" 1/4" 172"
Air escaping Each leak 0.50 15 6.5 26 104 415 CEM
Annual, kWh CFM CFM CFM CFM CFM
Annual cost 249 kwh | 746 kwh (3,233 kwh| 12,931 51,723 kwh 2?2\/'3:3
12 37 162 | kwh $647 2,586
$ $ $ wh $ $ $10320
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1. Furnace Efficiency, n=
! 1ency, n Heat input

Heat in stock (material) (k cals)

x100
Heat in fuel / alectricity (k cals)

Quantity of fuel or energy consumed

2. Specific Energy Consumption = - -
Quantity of material processed

&= y00lasbowl-F-1-4
- Japanese Industrial Standard (JIS) GO702 «Method of heat balance for continuous

furnaces for steel»
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Heat in the stock

Thermal efficiency of the furnace = -
Heat in the fule consumed

O=mxC,(1,—1,)

il pas
Q =AQuantity of heat in kCal
m  =Weight of the material in kg
Cp =Mean specific heat, kCal/kg °C
t,  =Final temperature desired, °C

t1  =lInitial temperature of the change before it enters the furnace, °C

oefins ja& 0g,=Y-0-1-1
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Flue gas temperature after air preheater =750°C
Ambient temperature = 40°C
Preheated air temperature =190°C
Specific gravity of oil =0.92
Average fule oil consumption =400 Litres / hr
=400 [10.92 =368 kg/hr
Calorific value of oil = 10000 kCal/kg
Average O2 percentage in flue gas =12%
Weight of stock = 6000 kg/hr
Specific heat of Billet =0.12 kCal/kg/ °C

Surface temperature of root and side walls = 122 °C
Surface temperature other than heating and soaking zone = 85 °C
N
0% SS9 31 (255 HE 30 ST <yl 4o BT 0 ()
Excess air ZTX 100

(where O, is the % of oxygen in flue gas = 12 %)
127100/(21-12)
133% excess air

Theoretical air required to burn 1 kg of oil = 14 kg (Typical value for all fuel oil)

Total air supplied =Theoretical air [ (1 + excess air/100)
Total air supplied =14 7 2.33 kg / kg of oil
=32.62 kg / kg of ol
Sensible heat loss =mCo AT
m =Weight of flue gas

= Actual mass of air supplied / kg of
fuel + mass of fuel (1kg)
=32.62+ 1.0=33.62 kg / kg of oil

Cp = Specific heat of flue gas
=0.24 kCal/kg / °C
AT =Temperature difference

Heatloss = m x Cp x AT
=33.62x 0.24 x (750-40) = 5729 k cal/kg of ol
5729 x 100

%Heat loss in flue gas = 0000 - 57.29%

=




W
i 4

IR
2%
<K
% 03,5 3,5l SZOVIVA s (25390 5l 2,5 5 50 &l T e 398 Dlwles s azg5 L
g e o s et
X M(584 + 0.45(T¢; - Tagmp))
‘S % Loss = fg~ Tamb) x 100 -
FE GCVv 1ol oas
M = kg of Moisture in 1 kg of fuel oil (0.15 kg/kg of fuel oil)
Y&O Tty = Flue GasTemperature
Tamb = Ambient temperature
GCV = Gross Calorific Value of Fuel
0.15(584 + 0.45(750-40))
% Loss = x 100 =1.36%
10000 -
ol oo Cewd ZNVYE il BT ol e ol il
B g 33 (5939 3927 9 maw g 0 St Ol s 31 (ol ST (F
9XxH»(584 +0.45(T¢,- T,
% Loss = 2 (Tt Tamb) 100
GCv _
ZO‘ )Q as
H2-kg of H2 in 1 kg of fuel oil (0.1123 kg/kg of fuel oil)
9x0.1123(584 + 0.45(750-40))
x100=9.13%
10000 .
20,8 diloes ZANY Ol pses sl OB e
0395 6 (6993 3l (WL BT 4l 3o (F
R Ol il o0 )l 5 Sz (5 s 2l B g bl (gl 457 (sl 055 Aoy el g
Slaal col (o po po Jlade ol b 90,55 (slod 10 ol a2l dilons Jasgd &l 1> U]
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1.00 l l l ' 2.1RECTANGULAR
0.90 ] |__OPENING
VERY LONG
« 0.80 ListoT
E 070 | SQUARE OPENING
< ROUND |
3 osorr el it
S { £
< 050 f
2 o.aof - s
% 030 : | {2{2{:
=4 =i
0.20 T
0.10 E‘L
0762 04 06 08 1.0 2 3 a 5 6
RATIO : = DIAMETER OR LEAST WIDTH = D
THICKNESS OF WALL X
\%“."é it ST danlona 31,5714 S
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TOTAL BALACK BODY RADIATION (kCal/cm2/hr)

300 500 700 900 1100 1300 1500 1700 1900
0 _

»

Temperature (°C)
BALACK BODY RADIATION

ol e 2l dnnlin B, Y- S

0353 yiowdia ¥7+ 110,65 sl olars Calses ( Jlie (glail j5 ool ools ledol s azgi b
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The shape of the opening is square and D/X = 1/0.46 = 2.17
The factore of radiation = 0.71
Black body radiation corresponding to 1340°C = 36.00 k cal/cmZ2/hr
Area of opening = 100 cm x100 cm = 10000 cm?2
Emissivity =0.8
Total heat loss = Black body radiation xArae of opening x
Factor of radiation x Emissivity = 36x10000x0.71x0.8 = 204480 kcal/hr
Equivalent oil loss = 204480/10000 = 20.45 kg/hr
% Heat loss = 20.45/368%100 = 5.56%

20,5 Al ZNOF il oysS (sl (6995 3 (SBL BT 50

0355 452 B0 3110y T (8

o)jfewd;)b)‘wbu)b:—*d)b‘ —Jg‘&s)

Sl et s b plr wlr e Jol> plio)sS an sl > AL e
HSQJ)L{AS‘.:‘ Lg‘yo}w Ml}m ‘c)gsc]a“asud -]4“’9-’ A)‘y‘sa)‘.\.o.a ‘_)J‘4SML!‘5A
Qium&bw)Q ojgéh_.gdudwbdwb)‘é)?féwmj
g Lol 1 ()] 5aSile 5 (550 03

273 t,+273
—ax(t, —1,)" +4.88E (L= - 2—"}
Q=ax(t =ty "+ {( 100 oo )
H u‘ )o as
Q: Quantity of heat release in kCal / W/m?2
a : factor regarding direction of the surface of natural convection ceiling =2.8,

side walls = 2.2, hearth=1.5

=
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,a‘ t; : temperature of external wall surface of the furnace (°C)
; t, : temperature of air around the furnace (°C)
*ﬁ E : emissivity of external wall surface of the furnace
-
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1200 Quantity of heat loss
(kCal/m2/h)
1000
800
600
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200

40 60 80 100 120 140 160
Temperature of External Surface

of Furnace (deg Q)
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Heat loss through roof and sidewalls:

Total average surface temperature =122°C

Heat loss at 122 °C =1252kCal/m2/hr

Total area of heating + soaking zone = 70.18 m2

Heat loss = 1252 kCal /m2/hrx 70.18 m2
= 87865 kCal/hr

Equivalent oil loss (a) = 8.78kg/hr

Total average surface temperature of area

other than heating and soaking zone =85°C

Heat loss at 85 °C = 740kCal/m2/hr

Total area =12.6 m2

Heat loss =740kCal/m2/hr
= 9324 kCal/hr

Equivalent oil loss (b) = 0.93kg/hr

Total loss of fuel oil =a+b=9.71kg/hr

Total percentage loss = 9.71/368
=2.64%
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Fuel input = 400 litres / hr
= 368 kg/hr
Heat input = 368 x 10000 = 36,80,000 kCal
Heat output = mxCyxAT
= 6000 kg x 0.12 x (1340-40)
= 936000 kCal
Efficiency = 936000 x 100/ (368 x 10000)
= 2543%
= 25 % (app)
Total Losses =75 % (app)

20,5 Ailea ZYO T S 50 ¢ ZY D 090 s g,y Jawgd ylondl) Jlade
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1. Sensible heat loss in flue gas =57.29%
2.loss due to evaporation of moisture in fuel = 1.36 %
3. loss due to evaporation of water

formed from H, in fuel =9.13%
4. Heat loss due to openings = 556 %
5. Heat loss through skin = 264%
Total losses = 75.98 %
Furnace Efficiency = 100-75.98
= 24.02 %

Specific Energy Consumption =

= 66.6 Litre of fuel / tonne of Material (stock)

0529 (559 B yan g LYY AN T S 5o AV Y lendl) lade puiine juf g, 50
Ll 00 341 0 #8715 Lit of fuel/tonne of stock




Lo oyeS SIS poe 2 Fgo sloygxS1-T-0-1-9
enlial b e

bl Jois jloolazol @

g€ 5ol 1S 0g0 jloolaiul @

o Al (glo S Sl i o 392y pe @
(S gl 392y pac @

onlials 51455 i 5 Lol @
AOlab; Jude @

celb )5 Bale @

0,95 30 S 35 e W 03l (6591 @oar oy —F-1-4
Sl 00 00l ul«u 6)—5 O)LM‘ 6“)’“‘"}‘ 9 ool ‘5)91 foncs WJ.S B3] Jﬁ‘» P

Stock

Charge amount in Charging Discharging Discharge

furnace temperature temperature material

Ton/ hr

Fuel Analysis

Components of heavy oil Gross calorific

Consumption

kCal/kg

Fuel gas Analysis

Composition of dry exhaust gas
Temperature
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Cooling water

Amount of Water Inlet temperature Outlet temperature

Kg/ton °C °C
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Typical furnace efficiency for reheating and forging furnaces(As observed in few trials
Undertaken by an Energy Auditing Agency on such furnaces)

Pusher Type Billet Reheating Furnace (for rolling mills)

= B
Upto 6 T/hr 40-45 Ltrs/ tonne 52%
7-8T/hr 35-40 Ltrs/ tonne 58.5%
10-12T/hr 33-38 Ltrs/ tonne 63%
15-20T/hr 32-34 Ltrs/ tonne 66.6%
20T/hr & above 30-32 Ltrs/ tonne 71%

Pusher Type forging furnace

. Specific Fuel Thermal Efficiency
Furnace Copacity N )
Consumption Achieved
500-600 kg/hr 80-90 Ltrs/ tonne 26%
1-0T/hr 70-75 Ltrs/ tonne 30%
1.5-25T/hr 65-70 Ltrs/ tonne 32.5%
2.5-3.0T/hr 55-60 Ltrs/ tonne 38%

The above fuel consumption figures were valid when the furnaces were found to be operating
continusly at their rated capacity
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1. Overall plant heat rate, kcal/kwh
Mass flow rate of steam x( Enthalpy of steam, kcal/kg- Enthalpy of feed water,kcal/kg)

Power output, kw

Fuel consumption* in kg/hr

2. Overall plant fuel rate kg/kwh =

Power output, kw

*Total fuel consumption for turbine and steam

Lo sl - 5 oybondly g px—
Steam Turbine Performance RS oy ORI
Actual enthalpy drop across turbine, kcal/kg

Turbine cylinder efficiency% = X100
Isentropic enthalpy drop across the turbine, kcal/kg

G W (e y98 (slonsly Sy i~

. . Theorical temperature rise across the compressor,°C
Air compressor efficiency% = X100
Actual temperature, °C

Power output, kw x860

Overall gas turbine efficiency(compressor+gas turbine)%= X1
Fuel input for gas turbine, kg/hrxGCV of fuel kcal/kg

Oyl y Bl b CasB Lyl 5931555 yloadly s poi —

Heat Recovery Steam Generator (HRSG) efficiency, %
Steam generated, kg/hrx(hs, kcal/kg - hw, kcal/kg)

[Mass flow of flue gas,kg/hrxCp(t. -t )]+[auxiliary fuel consumption,kg/hrxGCVof fuel, kcal/kg]

in “out

\%‘v‘.";ﬁ 1. Performance Test
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h, = enthalpy of steam
h,, = enthalpy of feed water
t, = inlet temperature of flue gas
t.,. = outlet temperature of flue gas

&= 300, lilicwl —¥-Y-1
Modern power station practices by British electricity International (Pergamon
Press) ASME PTC 22 - Gas turbine performance test.
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Steam flow measurement : Orifice flow meters

Fuel flow measurement  : Volumetric measurement / Mass flow meters

Air flow / Fuel gas flow : Venturi/ Orifice flow meter/ Iron gun/ Pitot tubes

Fuel gas Analysis : Zirconium Probe Oxygen analysis

Unburnt Analysis : Gravimetric Analysis

Temperature : Thermocouple

Cooling water flow : Orifice flow meter/ weir / channel flow/
non-contact flow meters

Pressure : Bourdon Pressure Gauges

Power : Trivector meter / Energy meter

Condensate : Orifice flow meter

33,5 ol o laalol (steady state) LU Loyl i jo siolo;] ploeil 5l axsG
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& I.Thermal Energy:
% Flow Pressute Temperature
xg 1 Steam inlet to turbine v v v
} 2 | Fuelinput to Boiler/ Gas turbine v - -
%: 3 Combustion air v v v
YVY 4 Extraction Steam to process v v v
5 Back Pressure Steam to Process v v v
6 Condensing steam Ve v v
7 Condensate from turbine v - v
8 Turbine bypass steam v - -
9 Flue gas to HRSG - v v
10 Exit flue gas - - v+ Consumption
" Cooling water to condenser v v v
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h11
—>| Boiler
Extraction cum
condensing
Turbine Power out-
put kW
h11
—>p| Boiler « .hz
1°" Extraction h, H, h,
25U Extraction

Condenser
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Steam Enthalpy at turbine inlet : hy kCal/kg
Steam Enthalpy at 1 extraction : h, kCal/kg
Steam Enthalpy at 2" extraction : hy kCal/kg
Steam Enthalpy at Condenser 1 hyx kCal / kg

ALSTL s3 osl Je IUST e e 2K Al o 10 e (i (SLsd) o e e 4y
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Heat extraction from inlet : h;y—h, kCal / kg
to stage —1 extraction (hs)

Heat extraction from ¢ hy,—hy kCal/ kg
15t 2™ extraction (hg)

Heat extraction from 2nd : hy—hy kCal/kg
Extraction — condenser (h;)
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Theoretical Enthalpy after 1 extraction . Hy
Theoretical Enthalpy after 2™ extraction : H
Theoretical Enthalpy at condenser conditions H;
Theoretical heat extraction from inlet to : h;—H,
stage | extraction, hg

Theoretical heat extraction from : H-H,
Ist — 2nd extraction, hy

Theoretical heat extraction from : H,—H;
2" extraction — condensation, h;

=
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a. Efficiency of 1° stage hs | Heatextractionactual _ h —h,
2 hy ) Heatextractiontheoritical h —H,
%
A h H i
Efficiency of 2" Stage] L |= eat extractionactual _ h, — h,
YVO hy ) Heatextractiontheoritical H,-H,
Efficiency of condensing stage thy
hyo
ol Al 5o
Ay &l o 53 ol s dslore—
Heat rate, kCal / kWh = w
M - Mass flow rate of steam in kg/hr
h; - Enthalpy of inlet steam in kCal/kg
h14 - Enthalpy of feed water in kCal/kg
P - Average Power generated in kW
Sl el o jle axly (B rae ol > Jaas
Planet heat consumption = fuel consumed for power generation, kg/hr
Power generated, kW
I S8 (595 9 sl 3o Il 95 (S oot 4 b g2 po Sl — JLko
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Steam to turbine
Q=5100 kg/hr
P =15 kg/cmZ2g
, T=250°C Back
ﬁ : Boiler Pressure
oa Turbine
Power out-
1550 kg/hr put 100 KW
v
Process Steams
Q=5100 kg/hr
P =2kg/cm2g
T =130°C
\%\:“;‘ S>gSCogeneration oy <SG (gl (sl 3 b, ol Sho: - S
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(h1-h2) (39,9 5w p,55lS 2 slil s (95 42 (6399 (5> (55
(FAA-FEA) = - kCal/kg

(fal> 0

Total steam flow rate, Q1 =5100 kg/hr
Power generation =100 kW
Equivalent thermal energy =100 | 860 = 86,000 kCal/hr

(dal> o

a8 4 (899,39 (855 Ol

Energy input to the turbine =5100 [ 50 = 2,55,000 kCal/hr.

(Fad> o

turbo alternator (5,5 adsi ylendl,

Energy output
Power generation efficiency of the turbo alternator = Energy outptit (1100
Energy input
86,000
=—— 100=34%
2,55,000
(Y al> 50
Efficiency of the turbo alternator =34%
Efficiency of Altenator =92%
Efficiency of gear transmission =98%

Power generation efficiency of turbo alternator

Efficiency of Turbine =
y Efficiency of gear transmission * Efficiency of Alternator
0.34
=~ -038
0.98 *0.92

(Aal> o
Cyey98 bypassing [l Jlade

Quantity of steam bypassing the turbine = Nil
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g:_ Coal consumption of the boiler =1550kg/ hr
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Overall plant heat rate, kCal/kWh

= Mass flow rate of steam  (Enthalpy of steam, kCal/kg - Enthalpy of feed water, kCal/kg)
Power output, kW

=5100 - (690 - 30)

100
= 34068 kCal/kwWh*
Overall plant fuel rate including boiler =1550/100

=15.5 kg coal / kW
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Heat output
Boiler Efficiency, n= ———
Heat input

Heat in steam output (kcals)
= x 100

\%\v“‘;‘ Heat in fuel input (kcals)
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Quantity of steam generation
Quantity of fuel consumption

Evaporation Ratio =

&= o sl Jailew]-Y-v-94
-British standards, BS845: 1987
-basis of gross calorific value (GCV)
-ASME Standard: PTC-4-1 Power Test Code for Steam Generating Units
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heat output

boiler efficiency = heatinput

Fuel Input 100%
+Air

Boiler

Heat addition to steam
Efficiency = x100
Gross Heat in fuel

Steam flow rate x(steam enthalpy — feed water enthalpy) x100

Boiler Efficiency =
Fuel fring rate xGross calorific value

=




N

i by, g e )-F-T-4
Slore 5 (69,5 i &5 e (coal-fired) 55 o oolizius] Cugan lgie 4 s JI&5 5145 5 ,k0 50

w‘f)c)wwk_es)D}ébj)ju)‘)}uLcyb‘w‘onuT@la.wd)Lo‘fussj‘)P

Quantity of steam generated (output) :8TPH

Steam pressure / temperature : 10 kg/cm2 (g)/ 180 °C
Enthalpy of steam (dry & Saturated)

at 10 kg/cm? (g) pressure :665 kCal/kg

Feed water temperature :85°C

Enthalpy of feed water : 85 kCal/kg

Heat input data

Quantity of coal consumed (Input) :1.6 TPH

GCV of coal 14000 kCal/kg

Slewls

il b she e,
. . _ Qx(H-h)x 100
boiler efficiency = —(q XGCV)
Q =Quantity of steam generated per hour (kg/hr)
q = Quantity of fuel used per hour (kg/hr)
GCV = Gross calorific value of the fuel (kCal/kg)
H = Enthalpy of steam (kCal/kg)
h = Enthalpy of feed water (kCal/kg)

8TPH x 1000kg/T x (665-85) x 100 72,59
1.6TPH x 1000kg/T x 4000kcal/kg ~

Boiler Efficiency =

sl canl Ol s Sl (e
Evaporation Ratio = 8 Tone of steam / 1.6 Tone of coal =5
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Steam Output

7.Fly ash loss

Fuel Input, 100%

8.Bottom ash loss
Blow down

Efficiency = 100 - (1+2+3+4+5+6+7+8) (by Indirect Method)
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%C = 0.97C+0.7 (VM +0.1A) - M(0.6 - 0.01M)
%H, = 0.036C +0.086 (VM -0.1A) - 0.0035M?2 (1 - 0.02M)
%N, = 2.10-0.020VM
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a) Theoretical air required for [(11.6* C)+{34.8 " (H2-02/8)}+(4.35 * S)1/100 kg/kg of
combustion fuel.[from fuel analysis]

Where C, Hy, O and S are the percentage of carbon,
hydrogen, oxygen and sulphur present in the fuel.

. . 0% )
b) % Excess Air supplied(EA) = 0% 100  [from flue gas analysis]

Normally O, measurement is recommended. IF O,
measurement is not available, use CO, measurement

7900 * [(CO2%)t - (CO2%)al
(CO2%)a * [100 - (CO%)d

[from flue gas analysis]

Where, (CO; %); = | Theoretical CO;
(CO2 %), = | Actual CO; % measured in flue gas
Moles of C
(CO2) = | Molesof N2 + Moles of C
Moles of N Wt of N2 in theoritical air . Wt of N2 in fuel
oles ofi = Molwt of N2 Mol Wt of N2
] Wt of Cin fuel
Moles of C ~ | MolecularWt of C
) Actual mass of air supplied/ kg of | _ | { 1+EA/100} * theoritical air
fuel( AAS) -

Energy Management Requirements

< >




09 o aizlon o ol ay oy e Laly) 5 Lo sligy 5o alisie (3,1 51T (oo 4 bl 5o
S99 Sl H5 e 4y BT
bl o dnolms LB 5 alad 51457015, yLg O qgres i 3 p30 o

m* Cp x (Ti‘_ Ta)
L- *100
GCV of fuel

Ly = % Heat loss due to dry flue gas
m = Mass of dry flue gas in kg/kg of fuel
= Combustion products from fuel : CO, + SO, + Nitrogen in fuel +

Nitrogen in the actual mass of air supplied + O, in flue gas.
(H,O/water vapour in the flue gas should not be considered)

Cp=Specific heat of flue gas in kCal/kg °C

Tf = Flue gas temperature in °C

To= Ambient temperature in °C

JJ)CJlS)d._m\?yLbjlg’yuuw‘)wl?mdlfe)_wsool_wuusjé.v‘s)t.’l_wé;»_e?—
33,5 edpog
:)lm)QsL;SojoM"' > )'L?QLalS S S ooL..,u;’:,j)-

m X Cp X (Tf-Ta) X 100

P tage heal loss due to dry fl =
recentage heal loss due to dry flue gas GOV of fuel

Total mass of flue gas (m)/kg of fuel = mass of actual air supplied/kg of fuel + Tkg of fuel

29 oo JoSits Gyl cldos 0 l9a g S gan 53 09250 Cagho 5 (g e Sl e
OiS 990 b e 35 5l LB laly lgie 4y lie jabo a4 aSiilo; Ul S 5 ol 5l Lol wlals
Dy dilez o 15050 iz 15 e 4y T ol 090 dile

S g 33 39290 (359 e ke Ay ol Sl o e 31 (L6 SMT-Y
ol 9 93k (oo D Bl Jpame 05wl (oo > M (sl (Lo 59,000 32
23,5 oo BT 4y e a0 g 3w s o Ol
9.+ H, *[584+Cy(T:Ty)]
L, = *100
GCV of fuel

H u] ).3 as
H, = kg of hydrogen present in fuel on 1 kg basis
Cp = Specific heat of superheated steam in kCal/kg °C
Tf = Flue gas temperature in °C
T, = Ambient temperature in °C
584 = Latent heat corresponding to partial pressure of water vapour
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M = [584+C(Tr—T,)]

L= =100
GCV of fuel
: QT o as
M = kg moisture in fuel on 1 kg basis
Cp = Specific heat of superheated steam in kCal/kg °C
Tf = Flue gas temperature in °C
T, = Ambient temperature in °C

584 = Latent heat corresponding to partial pressure of water vapour

lg2 30 392 g0 Cughy 31 (00 BWI-F
Ol g el anlss o superheat IS as Jlys: 51 (39,5 508 5l g 15999 (Slo o Cushoy S5 44 o
2l (oo Zanw 55 g Jadly o lgm (ol a5 o oy e 058 (o0 )l BT g

Dry- Bulb Wet Bulb s Kilogram water per
Humidity Kilogram dry air (Humidity
factor)
20 20 100 0.016
20 14 50 0.008
30 22 50 0.014
40 30 50 0.024

AAS * humidity factor * Cp * (Tf-Ta) * 100

GCV of fuel
ol pas
AAS = Actual mass of air supplied per kg of fuel
Humidity factor = kg of water/kg of dry air
Co = Specific heat of superheated steam in kCal/kg °C
T¢ = Flue gas temperature in °C
T, = Ambient temperature in °C

8L Gl el ade ay o ST-0
S5 Byl gond oS 5 (STl ilgs (o T (o0 352 4 (2Bl S g 1 0 45 Y gas
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%CO * C 5744

Ls = * * 100
%CO + %CO2 GCV of fuel
Ls = 9% Heat loss due to partial conversion of C to CO
co = Volume of COin flue gas leaving economizer (%)
CO, = Actual Volume of CO, in flue gas (%)
C = Carbon content, kg / kg of fuel

or
When CO is obtained in ppm during the flue gas analysis
CO formation (Mc,) =CO (in ppm) * 100 * M; * 28
Mg = Fuel consumption in kg/hr
Ls =M, * 5744°
@ Heat loss due to partial combustion of carbon

St o 5 (e 1y JU G b 51y V17
S 5333590 Sl ol g g5 4 Sl ol g (xban BTl 5 Live Jyono 5l
ol 00l 0,Lil polie ol delsl o aS s o
For industrial fire tube / packaged boiler = 1.5 to 2.5%
For industrial watertube boiler =2 to 3%
For power station boiler = 0.4 to 1%

L =0.548*[(Ts/55.55)%-(T,/55.55)% +1.957 * (Ts-T,)"% * sq.rt of

[(196.85V, + 68.9)/68.9]
: QT o as

Le¢ = Radiation lossin W/m?2
Vin = Wind velocity in m/s
T, = Surface temperature (K)
To = Ambient temperature (K)

ro ((52,5) 6 ywS I LG ol o STV
L= Total ash collected / kg of fuel burnt * G.C.V of fly ash * 100

’ GCV of fuel
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Total ash collected per kg of fuel burnt * G.C.V of bottom ash * 100

GCV of fuel
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Input/ Output parameter

kCal/ kg of fuel %

Heat Input in fuel

= 100

Various Heat losses in boiler

1.Dry fuel gas loss

2.Loss due to hydrogen in fuel

3.Loss due to moisture in fuel

4,Loss due to moisture in air

5.Partial combustion of C to CO

6.Surface heat losses

7.Loss due to Unburnt in fly ash

8.Loss due to Unburnt in bottom ash

Total Losses

Boiler efficiency =100( 14+2+3+4+5+6+7+8)
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Fuel firing rate 5599.17 kg/ hr
Steam generation rate 21937.5kg/ hr
Steam pressure 43 kg/ cm2 (g)
Steam temperature 377°C
Feed water temperature 96 °C
% CO, in Fuel gas 14
% CO, in Fuel gas 0.55
Average Fuel gas temperature 190°C
Ambient temperature 310C
Humidity in ambient air 0.0204 kg / kg dry air
Surface temperature of boiler 70°C
Wind velocity around the boiler 35m/s
Total Surface area of boiler 90 m2
GCV of Bottom ash 800 kCal/ kg
GCV of fly ash 4525 kCal/ kg
Ratio of bottom ash to fly ash 90:10
Fuel Analysis (in%)
Ash content in fuel 863
Moisture in coal 316
Carbon content 41.65
Hydregen content 2.0413
Nitrogen content 16
Oxygen content 14.48
GCV of coal 3501 kCal/ kg
(Val> o
319590 (5,955 (Sl (e sl
Theoritical air required for = [(11.6 * C) + {34.8 * (H, - O,/8} + (4.35 * S)1/100
complete combustion kg/kg of coal
=[(11.6*41.65) + {34.8 * (2.0413 - 14.48/8} + (4.35 *0)]/100
=4.91 kg / kg of coal
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& %CO, at theoretical condition
A (CO2),
where,
YAQ Moles of N,
Moles of N,

Where moles of C

Actual CO, measured in flue gas

% Excess air supplied (EA)

Actual mass of air supplied

Mass of dry flue gas

Mass of dry flue gas

N

(CO,),

(Yal> o
65555 2y denST 0 Aoy dilas

Moles of C
Moles of N + Moles of C

Wt of N, in fuel
Mol.wt of N,

Wt of N, in theoritical air
Mol.wt of N,

491777100 0016 _
28 28

0.4165/12 = 0.0347
0.0347

10.1332+0.0347

(CO,) = 20.37%

(Y al> o
3Le 0550 Slal glap vus jo aile
= 14.0%

7900 * [(CO, %), - (CO5 %),]
(CO, %), * [100 - (CO, %),]

7900 *[20.37 - 14]
= 14*[100-23.37]

=4517%
(Fals o

03lasusl 8,90 (slgm (oxdly @, drmslona
= {1 +EA/100}* theoritical air
= {14+45.17/100}*4.91
= 7.13 kg/kg of coal

(bal> o

= Mass of CO, + Mass of N, content in the fuel +
Mass of N, in the combustion air supplied + Mass
of oxygen in flue gas

(7.13-419)* 23
100

0.4165* 44 7.13%77
=———+0.016 +
12 100

= 7.54 kg /kg of coal
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GCVoffuel 1%

1.9% Heat loss in dry flue gas (L)

7.54%0.23*(190 - 31
_ 7547023*(190-31)
3501

L, = 7.88%

CS g 33 39290 (3§ b e ay O JuSiid o g (5l y> SGT-Y

_ 9 H,* {584+ C, (T¢- Ty
GCV of fuel

*100

2. % Heat loss due to formation

of water from H, in fuel (L,)

9%0.02041 * {584 + 0.45(190 - 31)} .
3501 100

3.44%

L,

CSguw yo 09290 Cugb y e 4y &l y> BTV

M * {584 + C, (T¢-To)}

3. % Heat loss due to moisure in = *100
fuel (L) GCV of fuel
_ 0.316 * {584 + 0.45(190 - 31)} ,, 100
3501
L3 = 591%
g9 33 392 g0 gl ) o 41 )l o> S F
% Heat loss d . . AAS * humidity * C, * (T¢-T,) * 100
4: 6 Heat loss due to moisure in = GOV of fuel
air (Lg)
_ 7.13* 0.0204*0.45* (190 - 31)} * 100
3501
L, = 0.29%

O dS g 4 (32,5 (a8l Jrod Judo s (51> S0
_ ®%Co*C ., 5744
% CO + (% CO,),  GCV of fuel

5.% Heat loss due to partial
conversion of C to CO (Ls)

0.55%0.4165 5744

=

T 055+14 3501 %0
Ls = 2.58%
< >
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6.% Heat loss due to radiationand = 0.548 * [(343/55.55)* - (304/55.55)4 + 1.957 *
conversion (Lg) (343 -304)1-25 * sq.rt of [(196.85 * 3.5 + 68.9) / 68.9]
= 937.6 w/m?
= 937.6*0.86
X = 806 .336 kCal /m?
Total radiation and conversion = 806.336 * 90
loss per hour = 72570 kCal
72570 * 100

% radiation and conversion loss =
3501 *5599.17

le = 0.37%

o 6 S S oo 4y Oyl > ST -V

7.% Heat loss due to unburnt in fly ash

% Ash in coal = 8.63
Ratio of bottom ash to fly ash =90:10
GCV of fly ash = 452.5 kCal/kg
Amount of fly ashin 1 kg of coal = 0.1 *0.0863

= 0.00863 kg
Heat loss in fly ash = 0.00863 *452.5

= 3.905 kCal / kg of coal
% heat loss in fly ash = 3.905* 100/ 3501

L, = 0.11%

g0 onibodi s S B Cde 4 &yl > BUWT-A

8. % Heat loss due to unburnt in bottom ash

GCV of bottom ash = 800 kCal/kg
Amount of bottom ashin 1 kgof = 0.9 *0.0863
coal
= 0.077 kg
Heat loss in bottom ash = 0.077 * 800
= 62.136 kCal/kg of coal
% Heat loss in bottom ash = 62.136* 100/ 3501
lg= 1.77%

.
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Boiler efficiency by indirect

method

sy (b SeeS 4

100 (L +Ly+ L3+ L+ Ls+Lg+

Ao Slesdl,y

L7 Lg)

100-(7.88+3.44+ 591 +0.29 + 2.58+

0.25+0.11+1.77)
100-22.23

=77.77 %

Sl (o0 28,90 g2 5y VL B pme 5 oo

Input / Output Parameter | | kcCal/ kg of coal | % loss
Heat Input = 3501 100
losses in boiler

1.Dry flue gas, L, = 275.88 7.88
2.Loss due to hydrogen in fuel, L, = 120.88 344
3.Loss due to moisture in fuel, L, = 206.91 591
4.Loss due to moisture in air, L, = 10.15 0.29
5.Partial combustion of C to CO, L = 90.32 2.58
6.Surface heat losses, L = 20.7 037
7.Loss due to Unburnt in fly ash, L7 = 3.85 0.11
8.Loss due to Unburnt in bottom ash, = 61.96 1.77
L8

Boiler efficiency =100 - (L,+ L+ L+ L+ Ly+ L+ L+ L) =77.65%

PSSR VPR PR JPUOW TR ¢5 28 Rl
3,5 ooolaivwl Cd g lgie ay i 5l ] o aS el g lgr 4y bogy o Dl 5 sl osls

il o 15 o 3ol s o sy ko sy ol s

Ultimate analysis(%)

Carbon = |84

Hydregen = |12

Nitrogen = |05

Oxygen = |15

Surphur = |15

Moisture = |05

GCV of fuel = | 1000 kCal/ kg
Fuel firing rate = | 2648.125kg/ hr
Surface temperature of boiler = | 80°C

Surface area of boiler = | 90 m2

Humidity = | 0.025 kg/ kg of dry air
Wind speed = |38m/s

Flue Analysis ( in%)

Flue gas temperature = | 190°C

Ambient temperature = |30°C

CO, % in Flue gas by volume = |108

0, % in Flue gas by volume = |74

1. oil fired boiler
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a) Theoretical air required = [(11.6*C) +[{34.8 (H, - O,/8)} + (4.35 * S)]/100
kg/kg of fuel. [from fuel analysis]
=[(11.6*84)+[{34.8*(12-1.5/8)}
+(4.35*1.5)]/100

13.92 kg/kg of oil

: ‘SQJAA Géhb‘ Lglg_m QL‘,.,:A (—

b) Excess Air supplied (EA) (0,%100)/(21-05)
(74*100)/(21-7.4)

= 54.4%

P RS 0ge i 5 g (Srae slye (2Bl e (@

¢) Actual mass of air supplied/kg = {1 + EA/100} * theoritical air of fuel (AAS)
= {1+54.4/100} * 13.92
21.49 kg / kg of fuel

Mass of dry flue gas = Mass of (CO, + SO, + N, + O,) in flue gas + N,
in air we are supplying
0.84*44 0.015*64 74%23  2149*77
= t +0.005 + f
12 32 100 100
= 21.36 kg / kg of oil

R TR NS NEIS
P S 090 S 55 5,k 5l I -

m*Co* (TTa) + 100
GCV of fuel

_ 2136%0237(190-30) + ;0

10000

% Heat loss in dry flue gas =

L, = 7.86%
CSgas 1y y0ud 3925 51 3L Ol 5w 31,0 (I-

9" H,* {584 + Cp (T -Ta)}
GCV of fuel

*100

Heat loss due to evaporation of =
water due to H, in fuel (%)

~9%0.12*{584+0.45 (190 -30)}
10000

*100

L, = 7.08%

Energy Management Requirements
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M* {584 + Cp (T -Ta)}
GCV of fuel

% Heat loss due to moisture *100

in fuel

~0.005*{584 +0.45 (190 -30)} , 100
B 10000

L; = 0.033%

o 53 39290 Cugle ) o ay ()l B

AAS* humidity * Cp * (Tf-Ta)} * 100
GCV of fuel

% Heat loss due to moisture in air

21.36 ¥ 0.025 * 0.45 * (190 -30) * 100
10000

Ly = 0.38%

Radiation and conversion = 0.548 *[(T,/55.55)% - (T,/55.55)*] + 1.957

loss (L) *(Ts-Ty)1-25 * sq.rt of [(196.85 V,,, + 68.9) / 68.9]
= 0.548 *[(353/55.55)* - (303/55.55)4] + 1.957
*(353-303)1:25 * sq.rt of [(196.85 * 3.8+68.9)/68.9]
= 1303 w/m?
= 1303*0.86
= 1120.58 kCal /m?

Total radiation and conversion = 1120.58 * 90 m?2

loss per hour = 100852.2 kCal

100852.2 * 100
10000 * 2648.125

% Radiation and conversion loss

Ll = 0.38%

Normaly it is assumed as 0.5 to 1 % for simplicty

DUTTINUFIINE JX VN RS DRC

Boiler efficiency by indirect =100 (L +Ly+ L3+ L4+Lg)

100-(7.86 +7.08 + 0.033 + 0.38 + 0.38)
100-15.73

=84.27 %

method
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Input / Output Parameter ‘ ‘ ftf:lrfakcgezfil ‘ % loss
Heat Input = 1000 100
losses in boiler

1.Dry flue gas, L, = 786 7.86
2.Loss due to hydrogen in fuel, L, = 708 7.08
3.Loss due to moisture in fuel, L, = 33 0.033
4.Loss due to moisture in air, L, = 38 0.38
5.Partial combustion of C to CO, L = 0 0
6.Surface heat losses, L, = 38 038
Boiler efficiency =100 - (L,+ L+ Ly+ L+ Lo+ Lg) =84.27%
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Sheet 1- Technical specification of boiler

Boiler ID code and Make

Year of Make

Boiler capacity rating

Type of Boiler

Type of fuel used

Maximum fuel flow rate

Efficiency by GCV

Steam generation pressure & superheat
Heat transfer area in m2

Is there any waste heat recovery device installed
Type of draft

Chimney height in metre
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Sheet 2- fuel analysis details

Fuel Fired

GCV of fuel

Specific gravity of fuel (Liquid)

Bulk density of fuel (Solid)

Proximate Analysis

1 Fixed carbon Date of Test %
2 Volatile matter %
3 Ash %
4 Moisture %
Ultimate Analysis

1 Carbon 4 Date of Test %
2 Hydregen %
3 Sulphur %
4 Nitrogen %
5Ash %
6 Moisture %
7 Oxygen %
Water Analysis

1 Feed Water TDS Date of Test ppm
2 Blow down TDS ppm
3 pH of Feed Water

4 pH of blow down

f'ggj’as Analysis Date of Test %
20, %
3CO %
4 Flue gas temperature °C
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Q=U*A*LMTD
: ‘j oas
Q = Heat transferred in kcal/hr
U = Overall heat transfer coefficient kcal/hr/m2/°C
A = Heat transfer surface area in m2
LMTD = Log mean temperature difference in °C
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Cold fluidin 11 Shell Hot fluid out
W, ti = W,To
M T [0
P
T

%
é

Baffles A/Cold fluid out ﬂ T HO-T-Iﬂu'd n

Aol diwgy (Fl 32 Jouo 4903 S 31 (5 g s -1 S

25 Jhos s o 935 Jls s o Sl G5k 0 > ko 5 L, 5ol
Heat Duty for Hot fluid, Q, =W * Cph *(Ti-To)
Heat Duty for Cold fluid, Qc =W * Cppc * (to - t;)
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U=Q/(A*LMTD)

o) o as

e Jeesl e Q

Jawe o)l Jatl e A

oo 5 sles DS LMTD

il oo S Jole g rt ar e JUEU (S 20 dslone ol 4 pl57

(Yal> 5o
ez eSS (L <l 10) (Sl S sl sl s g oamline

Parameters | Units | Inlet | Outlet

Hot fluid flow, W Kg/h
Cold fluid flow, w Kg/h
Hot fluid temp., T °C

Cold fluid temp.,, t °C

Hot fluid Pressure, P Barg
Cold fluid Pressure, p Barg

(Yad> yo

F23 Jedm B s (29,5 5 (659,9 sle (b (Ssed (Ple (6l e

Parameters | Units | Inlet | Outlet
Hot fluid density, p;, Kg/ms3
Cold fluid density, p, Kg/ms3
Hot fluid Viscosity, MpaS*
Cold fluid Viscosity, Mpa$S
Hot fluid Thermal Conductivity, k;, kW/(m.K)
Cold fluid Thermal Conductivity, k. kW/(m.K)
Hot fluid specific heat Capacity, Cy, kJ/(kg.K)
Cold fluid specific heat Capacity, C,,c kJ/(kg.K)

* Mpas$ - Mega Pascal Scecond

=




K
-at .A.Zlg‘sooﬁ;}Jg@soli&ib)'—l)ouowdu)‘)ooliﬁ)" G5 dgesd 3,k laisly g ey
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4 il o s B yins clo S g
q
Y
&
E

(Yals yo
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Parameters | Units | Inlet | Outlet
Heat Duty, Q kw
Hot fluid side pressure drop, APh bar *
Cold fluid side pressure drop, APc bar *
Temperature Range hot fluid, AT °C
Temperature Range cold fluid,At °C

Copacity ratio, R

Effecitveness | T
Corrected LMTD,MTD °C
Heat Transfer Coefficient,U Kw(m?2 k)
(Fals yo
1955 (o B esliil s j90 (S bl drslme gz 5 il
lo,S o (1
Q=0qs+qy

sl oo b slo,S Ay 9 ST (slo)S g alad; cl 0 a8
:qs 4+~ul.‘>u> 6‘)‘.’
gs=W* Cph *(T;-T,)/1000/3600  in kW
(or)
Gs =W * Cpe * (to - 1)/1000/3600  in kW
D0y dle g1y g
q.l = W * )\h P
Ah = Latent heat of Condensation of a hot condensing vapor

(or)
q1 =W* A, where A_= Latent heat of Vaporization

o35 s L3 8l (Y

AP, =P.-P
h i 'o
S g Jlow jLLS CBI (Y
AP_=P;-P
C i""To
255 Jbow glod S (F
AT=T,-T,
3 g Jlew (glod LS (O
At=t0-ti
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R=W*Cpn/W Cpc(on) (Ti-To) (to - t)
ShHs Y
S=(to-t) /(Ti- t)
(LMTD) (SO, BN slos S (A
(&
Counter current Flow Co-current Flow

T; > T, T; > T,

o [« g g >t

LMTD Counter current Flow = ((Tjto)-(To-tj) / Ln ((Ti-to)-(Toti)
LMTD Co current Flow = ((Ti-t)-(Toto)) / Ln ((Tit)-(Toto))

ablite )l 2 dlone S LMTD geseas 53516 (o
(R+1)"2* Ln ((1-SR)/ (1-S))

(1-R) * Ln {2-5 (R+1-(R+1)V2)}
2-S (R+1- (R+1)172)

F=

LMTD geseas (3
F x LMTD

&yl yo JU! LS gy (1
U=Q/(A* Corrected LMTD)
o Jowo 19 (55> sl 2ol dmlona— Jlis ~Y-T-¥-4
&l @b Juse (A
b 8 S 5 sles SRS gz ) Slasine b gl dlgd - anug S Joe
.é)bLgL?4.]5,'C~o.w)~)Oﬂyiewﬁwjééﬁ%;;o])édswlow
Tube Side
+460 Nos * 25.4mmOD * 2.1Tmm thick * 7211Tmm long
« Pitch - 31.75mm 30° triangular

- 2 Pass
Shell Side
«787 mm ID
- Baffle space - 787 mm
- 1 Pass
0Bl o0 ) Jgoar Billae S92 g0 e

Parameters | Units | Inlet | Outlet
Hot fluid flow, W Kg/h 719800 719800
Cold fluid flow,w Kg/h 881150 881150
Hot fluid Temp, T °C 145 102
Cold fluid Temp, t °C 255 49
Hot fluid Pressure,P Barg 41 28
Cold fluid Pressure,p Barg 6.2 5.1
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Q=qgs+aq;

Sl hailow

e VERIO M2 ) o Uil el

Lo, olme ()

Hot fluid, Q =719800 * 2.847 * (145 - 102) / 3600 = 24477 .4 kW
Cold Fluid, Q =881150 * 4.187 * (49 - 25.5) / 3600 = 24083.4 kW

Pressure Drop =P;-Py=4.1-28=1.3barg.
Pressure Drop =pj-po=6.2-5.1=1.1barg.
Temperature Range AT =T;-To=145-102 =43 °C.
Temperature Range At =t, - t;=49-25.5=23.5°C.

Capacity ratio, R=(T;-Ty), (to - tj) =43/23.5=1.83

5 Jloms it (Y

S g Jlons yLitcd 81 (¥
055 Jlow glos LS (F
3 o Jlos (5Lod S (B
b 5B 5o (8

SHs Y

Effectiveness, S=(to-t)/(Ti-To)=(49-25.5)/(145-25.5)=23.5/119.5=0.20.
(LMTD) gty y1S gLos NS (A

a). LMTD, Counter Flow =(96-76.5)/ Ln(96/76.5)=85.9 °C.

b). Correction Factor to account for Cross flow

(R+1)"2* Ln ((1-SR)/ (1-S))

F=
(1-R)*Ln fz-S(R+1-(R+1)1/2)}
L2-s Re1-R+1)12)
F=0.977.
o )& glos M| miai (4
F*LMTD =0.977 *85.9=83.9°C.
JUssl (S B (0
U=Q/A AT =24477.4/ (264.55 * 83.9) = 1.104 kW/m?2 oK
b 5 il sl il i
Parameters Units Inlet | Outlet
Duty,Q kw 244774 25623
Hot fluid side pressure drop, APh Bar 13 134
Cold fluid side pressure drop, APc bar 1.1 0.95
Temperature Range hot fluid AT °C 43 45
Temperature Range cold fluid,At °C 235 25
Capacity ratoo R | ——— 1.83 0.556
Effecitveness,S —_— 0.20 0.375
Corrected LMTD,MTD °C 838 82.2
U Heat Transfer Coefficient,U Kw(m?2 k) 1.104 1.178
\J&
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\</-> Actual measured
T

L - Distance across the heat
exchanger,
T -Terminal temperatures

=—— > Design profile

AW yizead il oloo b oguaste Sl cod b Gl il cde g LS plile )5 e
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s Je) g oo 1 (K8,5 gy talydl Sl g Las G 5 (3l ouil: Los oS
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G2l 3l (80 (K585 gy Sl ey a0 gy (e o JUi g
il sond >l e 5] aS ) il apdhe prlacs

)0 3LS Ty s 5hs Jae Sligan (I35 e

(P ygudlass (o
S 2l )95 3l (29,5 o GRS Cuzr iy Slasein b sl dlg) = dtwgy (> o
el 00 ‘5>‘).|o (4.]5) Comn JL.M:)
Tube Side
+ 20648 Nos * 25.4mmOD * 1.22mm thk * 18300mm long
« Pitch - 31.75mm 60° triangular

« 1 Pass

Parameters | Units | Inlet | Outlet
Hot fluid flow,W Kg/h 939888 939888
Cold fluid flow,w Kg/h 55584000 55584000
Hot fluid Temp, T °C NO data 349
Cold fluid Temp, t °C 18 27
Hot fluid Pressure,P mBarg 52.3mbar 483
Cold fluid Pressure,p Barg 4 36
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S sle el bacul=e
e YYAVY m2 s o) Ui el -
Lo,S oyl 3o (Y
Q=0qs+q.
Hot fluid, Q = 576990 kW
Cold Fluid, Q =581825.5 kW
5 o L il (¥
Pressure Drop =P;- P, =52.3-48.3 = 4.0 mbar.
S g Jlow jLAS CBI (Y
Pressure Drop = p;- po=4-3.6 =0.4 bar.
055 Il (glos LS (F
Temperature Range AT =T; - T, = No data
3y Jlows (glod LS (O
Temperature Range At =t,-t;=27-18=9°C.
b 50 (5
Capacity ratio, R = Not significant in evaluation here.
S
Effectiveness, S=(t,-t;)/(T;-To)=Not significant in evaluation here.
(LMTD) g0, (glod M1 (A
Calculated considering condensing part only
a). LMTD, Counter Flow = ((34.9-18)-(34.9-27))/ Ln ((34.9-18)/(34.9-27))

=11.8dcg C.
b). Correction Factor to account for Cross flow
F=1.0.
o ) glos M| omiai (4
MTD=F*LMTD=1.0*11.8=11.8°C.
JUil IS 1 (1
Overall HTC, U=Q/A AT=576990/(27871 * 11.8)=1.75 kW/m?2 °K
r b g (Slewlre sl el i
Parameters Units Inlet | Outlet
Duty,Q kw 576990
Hot fluid side pressure drop, APh mBar 4 mBar
Cold fluid side pressure drop, APc Bar 04
Temperature Range hot fluid, AT °C
Temperature Range cold fluid,At °C (27-18)=9 (28-19)=9
Copacity ratio, R ——
EffecitvenessS |
Corrected LMTDMTD °C 11.8 89
\%\:“;‘ Heat Transfer Coefficient,U Kw(m2 k) 1.75 237
AN
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» Actual measured

L - Distance across the heat exchanger,
T - Terminal temperatures

Design profile
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il oo BB il Y 500 Slatings oo 3l aiatd 3,k 51 B

i) b egSine Jlid e s oiad el s o Slees b Ui !
b oo R8RS

saalice lales S o Folas (ST S 0w Jlows G 4 dx 0 b 1 Lo SIS

e )y il pae S s cslad S Liglil el (53 LB 00,5 o
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L2l e il S e Ll e 4 o JU £ sl yo JUi e i
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O PRV U

Tube Side

+200 Nos * 25.4mmOD * 1.22mm thick * 6000mm long

« Pitch - 31.75mm 30¢° triangular

-2 Pass

« Area =95.7.m?

=

Parameters | Units | Inlet | Outlet
Hot fluid flow,W Kg/h 5015 5015
Cold fluid flow,w Kg/h 43500 43500
Hot fluid Temp,T °C 108 108
Cold fluid Temp, t °C 30 34
Hot fluid Pressure,P Barg 04 0.3
Cold fluid Pressure,p Barg 9 88
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Sl el harul=e

Lo, oo ()
Q=q9,+q_
Hot fluid, Q = 3130 kW
Cold Fluid, Q = g + 0| = 180.3 kW + 2948 kW = 3128.3 kW
P55 Jlmw jLid < SI(Y
Pressure Drop =P;-P,=0.4-0.3=0.1 bar.
S g Jlow jLAS CBI (Y
Pressure Drop =pj-po=9-8.8=0.2 bar.
055 Il (glod LS (F
Temperature Range AT =T;-To=0°C
3 g Jlw (glod S (O
Temperature Range At =t;-t,=34-30=4°C.
Cadyb e (F
Capacity ratio, R = Not significant in evaluation here.
S
Effectiveness, S=(t,-t;)/(T;-To)=Not significant in evaluation here.
(LMTD) (g0, (glod M1 (A
Calculated considering condensing part only
a). LMTD, Counter Flow = ((108-30)-(108-34))/ Ln ((108-30)/(108-34))
=76°C.
b). Correction Factor to account for Cross flow

F=1.0.
o ) glos M omai (4
MTD=F*LMTD=1.0*76=76°C.
JUisl 15 g 55 (1
Overall HTC, U=Q/A AT=3130/(95.7 * 76)=0.43 kW/m?2 °K
o leloe sl ol dnlie
Parameters | Units | Inlet | Outlet
Duty,Q kw 3130 3130
Hot fluid side pressure drop, APh Bar 0.1 Neg
Cold fluid side pressure drop, APc Bar 0.2
Temperature Range hot fluid, AT °C
Temperature Range cold fluid,At °C 4 4
Copacityrato R | = ——
EffecitvenessS | ———
Corrected LMTDMTD °C 76
Heat Transfer Coefficient,U Kw(m2 k) 042 044
\J¥
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T /Actual measured

L - Distance across the heat
exchanger,
T-Terminal temperatures

L

Design profile
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S 4 5ks Jous lgd s Sl o aiug lase 4y IS ol ol cde au: JIoy e
u,’l’..ll.n)'].b)g.o&o}g6W|O‘Hﬁ}|wb@cmodgli?gjb“ﬂpH RIS IV PR CRION
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2l (oo 25 Jooz (Billae 990 el

Parameters | Units | Inlet | Outlet
Hot fluid flow,W Kg/h 3000 3000
Cold fluid flow,w Kg/h 92300 92300
Hot fluid Temp,T °C 150 150
Cold fluid Temp, t °C 30 95
Hot fluid Pressure,P Barg
Cold fluid Pressure,p mBar g 200 mBar 180 mBar
/6{ < >
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S sle el bacul=e
Bare tube Area =42.8 m2, Fined tube area = 856 m2
Lo,S oyl 3o (Y
Hot fluid, Q = 1748 kW
Cold Fluid, Q = 1726 kW
o5 Il L5 31 (Y
Pressure Drop = P;- P, = Neg
S o Jlow jLES 8l (Y
Pressure Drop = p; - po =200 - 180 = 20 mbar.
055 Il (glos S (F
Temperature Range AT =T; - T, = Not required
3 g Jlow (glod S (O
Temperature Range At =t -t =95-30 =65 °C.
Cad b oo (P
Capacity ratio, R = Not significant in evaluation here.
S v
Effectiveness, S=(t,-t;)/(T;-To)=Not significant in evaluation here.
(LMTD) oy )l (sLod DS (A
Calculated considering condensing part only
a). LMTD, Counter Flow = ((150-30)-(150-95))/ Ln ((150-30)/(150-95))
=83.3°C.
b). Correction Factor to account for Cross flow

F=0.95
o ) glos M omai (4
MTD =F* LMTD =0.95 *83.3 =79 °C.
JUist (S B (1
U=Q/A AT=1748/(856 * 79)= 0.26 kW/m?2 °K
r b g Silslone gl el d i
Parameters | Units | Inlet | Outlet
Duty,Q kw 1748 1800
Hot fluid side pressure drop, APh Bar Neg Neg
Cold fluid side pressure drop, APc Bar 20 15
Temperature Range hot fluid AT °C
Temperature Range cold fluid,At °C 65 65
Copacity ratio, R —
EffecitvenessS |
Corrected LMTD,MTD °C 79 79
Heat Transfer Coefficient,U Kw(m? k) 0.026 0.03
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T /Actual measured

L - Distance across the heat
exchanger,
T - Terminal temperatures

B

Design profile
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P, L jg5ge Slendly dslone -

il pas
Pout = Output power of the motor
Pin = Input power of the motor
PLoss = Losses occurring in motor

1. Variable Speed Drive (VSD)
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23l el O e o 434w loading wus jo -

Actual operating load of the motor
Motor Loading % = x100
Rated capacity of the motor
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Volume in m3/sec *total pressure in mmwc
102 *Power to the shaft in (kw)
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static Total ® ©
Pressure Pressure
Tube Tube
[
' ' )
Ps Pt Ps Pt
FLOW—— FLOW —o= FLOW——o=
Ps= Static Pi= Total Pi—Ps—Py
Pressure Pressure | Total Pressure - Static Pressure = Velocity Pressure
Shows separate static and total pressure
tubes for measuring velocity pressure.
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Equal Concentric Pitot Tube Stations Indicated by O
Areas
| e———— A ————>
o] o [0} [0}
[0} 0] o o
B
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[0} 0] \ o
A AN
Centers of 16-64 equal Centers
area of the rectangular of areas
equal concentric areas
areas
Round Duct
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0.5-0.5x 0.949 0.0255
05-0.5x 0.837 0.0815
05-0.5x0.707 0.1465
05-0.5x 0.548 0.226
05-0.5x0316 0342
05+05x0.316 0.658
05+05+0548 0774
0.5+0.5+0.707 0.8535
05+0.5+0.837 09185
05+05-0949 09745
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1 Velocity (m/s) = ¢p x Y22 8*APX7
X Y
-a -
ﬁ= : Q‘ » as

Cp =The pitot tube coefficient (Take manfacturer’s value or assume 0.85)

Yy AP =The average velocity pressure measured using pitot tube and inclined

manometer by taking number of points over the entire cross-section of
the duct, mm Water Column
[1 = Gas density, kg/m3 corrected to normal temperature

1wl

0,95 SOy ol gl SO il LS o b el oo ond s adadl jo 0 e Jlaie
e s Al 4 ol Jagy 0l ol lade ;2 .00,5 (6,5 ojladl (el agBa ) 5l aS) Jleg
ey ol 520k 005 oo mmral il Ggel IS L Gillae alBlas> g bas m/is i
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Flow, (m3/s) = Area (m2) * Velocity (m/s)

Volume (flow) =A*Cp* \/2 *9.81*Ap* |
0
59939 Ol9F Ol o (e
u)‘ ‘5‘); Q)JJ.: C))g..a LWLA c.,...: Q‘?" oK s_i: ‘]a...:s.: ;).:‘9; ° u‘}; 6}5 o)‘du‘g'y‘_g)-\fc)“.\;'
tal (o Zams 4y pjalad) slee/A S8 (5,81 g 5 0 (6, o3l iy 5 0l 2 s IS

p=\' 3*V*I*Cos®

23,5 ooyl B oalatil s g0 JEH s yleadly (sloe oz

Properly lubricated precision spur gears 98% for each step
Flat belt drive 97%
V-belt drive 95%
o lonly dcwlxoe

Volume in m3 /sec * total pressure in mm WC

Fan efficiency =
102 * power input to fan shaft in kW

N

[ Y .
AN
I Energy Management Requirements

/6{ < >



power input to fan shaft = Power input to the motor *n of motor at the

corresponding loading *transmission system n

OF S 19 (58 ()15 o — Jlio—B-F-4
(s3dgi a>lg G o doubleinlet fan 4y Lgs o Sl 5 (5,5 ol Jolds Lo oy

il o

:@b.bélbﬁoblg‘ (<

=

Volume = 292m3/sec
Static Pressure = 609.6 mmwc
1o (6 5 03l sl yiol )b (&
Temperature = 32°C
Speed = 740RPM
n A Power
Inlet Damper| Suction Pressure | Outlet Pressure | Measure velociry | Volume |Amps .
e 3 Consumption
Position% (-) mmwe (+)mmwe Pressure(Ap).mmwe | m>/Sec. | (I) (Kw)
80% ONE SIDE 455,462, Average=70 1666 | 220 2127KW
25,22,20 480,478
Average =22.33 |Average=468.75
ANOTHERSIDE | 459,464,473,
15,18,23,21 479,480,470
Average=19.25 |Average=470.83| Average=70
soolaul 3,90 “—")-‘-Q-"L’
IS U g Stagile: oorg s Lind o yinSio ,Lid gl
S oaas ) segile s Liad LM gl -
Sl ogaz griwls )3 Los (6l o -
Tong tester : -\l > Loz (gl -
O Lol (rand Sl (2
: )lf A il —
a) Gas Density = 273*1.293
(Corrected to NTP) 273 +T°C (at site condition)
_273%1.293
273 + 32°C (at site condition)
= 1.15kg/m3
< >




10k oo (29—

-
% b) Volume = Cp* A 4/ 2%9.81*Ap* 0]

3:. Cp = Pitot tube constant, 0.85
%‘ A = Area of rectangular ductin m2,1.029 * 5.502
Ap = Average velocity pressure measured by pitot tube by taking
Y'Y measurement at number of points over the entire cross section of the
duce. (see Table)
= Density at test condition, 1.15 kg/m3
Flow (v) = 0.85*1.029*5.502 V' 2*9.81*70* 1.15
1.15
v = 166.6 m3/sec
139990 43099 LS —
c) (P1) = Power input to the motor (kW) =\ 3*V*I*Cos@
1000
\ 3*6600*220*0.9
1000
= 2263 kW
P08 il 4y (6999 wyab -

d) P = Power input to the fan shaft

Power input to the motor (kW) * Efficiency of motor (%) at the
operating load * transmission efficiency

Motor efficiency = 0.94

= 2263*0.94 * 1 (as motor was direct coupled)

2127 kw

©
|

:C’éouxb—

_ Volume in m3/ Sec * total pressure in mmwc

e) Fan Efficiency %
102 * Power input to the shaft in (kW)

Where 102 is a conversion constant
For double inlet fan,
The total Volume of
air, m3 / Sec = 166.6*2=333.2
Total static pressure, = 468.75 - (-22.33) =491
mmwec (A Pstatic, across the fan)
333.2* 491

Fan Efﬁciency = W * 100

Static Fan Efficiency = 75%
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Hydrolic power, Py,
Power input to the pump shaft

*100

Pump efficiency =

Hydrolic power Py,(kw) = Q *(hg-hg)*p*g*/1000
Q =Volume flow rate (m3/s), p = density of the fluid (kg/m3),
g = acceleration due to gravity (m/s2), (h4-h) = Total head in metres
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Adew =1 7 G/G
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dew = cooling water mass flow rate, kg/s
a1 = mass flow rate of injected tracer, kg/s
G = concentration of injected tracer, kg/kg
G = concentration of tracer at downstream position during the plateau

period of constant concentration, kg/kg
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Hydraulic power P(kW) =Q* (hq-hs) * p * g/ 1000

Q=Volume flow rate (m3/s), p = density of the fluid (kg/m3), g = acceleration
due to

gravity (m/S2), (hq - hs) = Total head in metres
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1. Suction head
2. Discharge head
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Pump flow, Q 0.4 m3/s

Power absorbed, P 325 kW

Suction head (Tower basin level), h;  +1m

Delivery head, h, 55m

Height of cooling tower 5m

Motor efficiency 88%

Type of drive Direct coupled

Density of water 996 kg/ m3

1o olowsly dcwlxo

Flow delivered by the pump 0.4 m3/s

Total head, h; - (+ hy) 54 m

Hydraulic power 0.4*54*996 *9.81/1000 = 211 kW

Actual power consumption 325 kW

Overall system efficiency (211 *100) /325 =65%

Pump efficiency 65/0.88 = 74%
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he=19 h,=0

hg = Static Head, h, = Equipment pressure drop
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Condenser loop Reactor loop Cooler loop
S.no System . ) .
resistance,m resistance,m resistance,m
1 Supply line from pump 15 10 15
Nil(cooler at d
2 Static head 15 5 Hicoolerat groun
level)
3 Equipment 5 5 19
Return line from
4 equipment to CT 15 10 15
5 Tower head - - 5
6 Total 50 30 54
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=

Flow (%) Dynamic head Static head,m Total head,m
1 100 39 15 54
2 75 219 15 36.9
3 50 9.75 15 24.75
4 25 244 15 17.44
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FILTER

AIR COMPRESSOR RECEIVER

Py Py T
THROTTLE
VALVE
Nozzle
i
< =5 =
Pa= Py FLOW
DISCHARGE TO . 8
ATMOSPHERE STRAIGHTENER BY-PASS
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Nozzle size (mm) | Capacity (m3/hr)

6 39

10 9-30

16 27-90

22 60-170

33 130-375

50 300-450

80 750-2000

125 1800-5500

165 3500-10000
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172
Q=k*m*d2*Ty* |:2(P3-P4)(P3*Pa)]

4 Py T,
ol pas
k : Flow coefficient - as per IS
d : Nozzle diameter,m
T, : Absolute inlet temperature, °K
P4 : Absolute inlet pressure, kg/cm?
P3 : Absolute Pressure before nozzle, kg/cm?2
T3 : Absolute temperature before nozzle, °K
Ra : Gas constant for air, 287.1 J/kg k
P3s_P; Differential pressure across the nozzle, kg/cm?2
Jbo gl glendly (@
Isothermal Efficiency = Isothermal power/Input power
Isothermal power(kW) = M
36.7
: QT oas
P4 = Absolute inlet pressure, kg/cm?
Q¢ = Free air delivered, m3/hr
r = Pressure ratio, P,/P1
B ran pgato 59 (T
Specific power consumption = _oWer consumption,, kW
at rated discharge pressure Free Air Delivered, m3/hr
o033l (s

. . Free air delivered, m3/min .
Volumetric efficiency = - - *100
Compressor displacement, m3/min
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Compressor Displacement =% *D2*L*S*y*n BYSVISUN i E W P

iol pas
D = Cylinder bore, m
L Cylinder stroke, m
S = Compressor speed, rpm
% = 1 for single acting and 2 for double acting cylinders
n = No. of cylinders
S 1198 ) som oS A3 by yo Jloyig 2l 0331 lwloro— JUo—B-A-1
0Ly (o (20 il (YAl o
k : Flow coefficient (Assumed as 1)
d : Nozzle diameter : 0.08 m
P, : Receiver Pressure = 3.5 kg / cmZ2(a)
P4 : Inlet pressure = 1.04 kg/cm?2 (a)
T, : Inlet air temperature =30 °C or 303 °K
P3 : pressure before nozzle = 1.08 kg / cm?2
T3 : Temperature before the nozzle =40 °Cor 313 °K
P3Py Pressure drop across the nozzle = 0.036 kg /cm?2
R, : Gas constant :287 Joules / kg °K
Free Air Delivered Qe=k* m*d? *T; * |:2 (P3-P,) (P3* Pa)] 12
4 Pq T3
1/2
=1*n *(0.08)2 *303* [2*0.036*1.08*287]
4 1.04 313
=0.391 m3/sec
=1407.6 m3/h.

3L50 390 JLo 9 33159 s Al (Yol o

Isothermal Power (kW) = P17 Qf* loger

36.7

P1 = Absolute intake Pressure = 1.04 kg/cm?2 (a)
Qf = Free Air Delivered = 1407.6 m3/h.
Compression ratio r = 351 =336

1.04
Isothermal Power = 1.04*1407.6 * loge 3.36 =48.34 kW

36.7
Jlo 535541083l mmslono(Fals o

Motor input power = 100 kw
Motor and drive efficiency = 86%
Compression input power = 86 kW

Isothermal efficiency = Isothermal Power  «4qq
Compressor input Power

= 48.34*100 = 56%
86.0

=
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5L50,5900329 (59 59 i —F- A=
Specific power consumption = Actual power consumed by the compressor
Measured Free Air Delivery

Voo kw aBly (8 rae 5y03 ade o VEV/EMB/hr ol oo (6,05 ojlasl o0 yliee (398 Jlie ,o
Specific power requirment = 100
1407.6
= 0.071 kW/m3.hr

:Pump up (g oS 43 (FAD) Il 51 3157 (192 ¢l o cymnns —V—A-1

iz 2 il o PUMPUP g« ygms yuaS Lo Il )l ol glgm oo dy oliiws S ;500 o,
ks oy J5b e, sleslaral a4 ol Lol ool Jlo 95 13 (655008 s 5 I8 (s 3 gy 012
g3 alez oolail B wails iy S

b 30 Cad JB (50 (rmatd e 00l 950

9 Receiver ol oo (yizrod w0dgad )l JlS Do |y 05250 Ol 5 5L |, Of adse ase o -
pll ol o (watertrapling) ol als Lo JolS™ y0gs a3l ol ;53 L1800 5 ad56 Lolos alg) Loz
28,5 Lol o laalol ol

20,5 Jlad yiagin S g (xbg s9m reeS -
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P,-P K G

Q = 2P0 T« \'|{ ,Nm3/ Minute P T 9 ‘5‘).‘ 6‘5’“’ ‘5:_9|5 )L\.n.a
: QT oas

Py : Final pressure after filling (kg/cm?2 a)

P : Initial Pressure (kg/cm? a) after bleeding

Pg : Atmospheric Pressure (kg/cm? a)

\Y : Storage volume in m2 which includes receiver, after cooler,

and delivery piping
T : Time take to build up pressure to P, in minutes

)5,14‘.@) a)b o).g)lf bl b 6‘5—“ sled ).3‘).3 03 un).‘.of 6‘5—“ sled as Ls’L") 6‘)‘.’ 892 alolzo
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Piston displacement : 16.88 m3/minute
Theoretical compressor capacity :  14.75 m3/minute @ 7 kg/cm
Compressor rated rpm 750 : Motor rated rpm : 1445
Receiver Volume : 7.79 m3

Additional hold up volume, i.e.,

pipe / water cooler, etc., is : 0.4974 m3

Total volume : 8.322m3

Initial pressure, P4 : 0.5 kg/cm?

Final pressure, P, : 7.03 kg/cm?
Atmospheric pressure, P, : 1.026 kg/cm?2

Time taken to buildup pressure

from P; to P, : 4,021 minutes

(P2 -P1) * Total Volume
" Atm. Pressure * Pumpup time

Compressor output, m3/minute

(7.03-0.5)*8.322

3/
1026* 4021 13.17 m3/minute

(HVAC Systems) & gudao 49 945 (51 o 33 (65 31 slondl y (yunns —2-1

il B mlio sl (e los 10 (65,8 e oo 0,50 5l 125 g Egelae 505 (6l oianns
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(3024 kCal/h, 12,000 Btu/h or 3.516 thermal Kw)

1.Tons of refrigeration (TR)
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m* Cp ™ (tin - tout)

3024 -
il ,0a8

Net refrigeration capacity (TR) =

m = mass flow rate of chilled water, kg/hr
Cp = Specific heat, kcal/kg°C
tin = Chilled water temperature at evaporator inlet, °C

tout = Chilled water temperature at evaporator outlet, °C

wasobyw‘)ﬁl})bu&hsmijﬁLgLQW)QLeQu‘)MLgrfo)‘A;‘)QMSQ
Aol adlol lael 08, G b cllos

Ol 5 03l g
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1. Net Refrigerating Capacity
2. Coefficient of Performance (COP)
3. Energy Efficiency Ratio (EER)
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Power (kW) =4 3*V * | * cosd

30,5 oo i po5 o b s ] (S0 g e Ly 3 5, ol

1. Coefficient of performance
Kw refrigeration effect
Kw input
2. Energy efficiency ratio
Btu/ hr refrigeration ef-
fect Wattinput
3. Power per Ton

coP=

EER =

Kw input
Tons refrigeration effect

Kw/Ton =

100,85 o dwlome Kw/ton jlude Lozl o sle cols Loy lacl
Measured compressor power, kW
Net refrigeration Capacity (TR)

a) kW/ton rating =

(2l oo 1SS ol 0 55 ozl s (3laie el () 155 dadly) 55 g e ool oyl 5l eslazal b
ol oo Csd s (65,3l ey sl il ol

cop =0.293 EER EER =3.413 COP
kW/Ton =12/EER EER =12/ (kW/Ton)
kW/Ton =3.516/COP COP=3.516/ (kW/Ton)
b) Coefficient of performance (COP) = i
kW/ton rating
12

E Effici Ratio (EER =
¢) Energy Efficiency Ratio (EER) kW/ton rating

Egbrod 905 (5L i (SHI5 (113l
5 gl SG Jasgs (AirHandlig Unit) AHU Ceas 0152 00 oudas 45505 (sl piecws jo
o osls pladl s 65 o3l BB 29,5 5699,9 AHU o 5 g S Ols sl 38
55,5 oa B eolatul 5 g0 UG s g (VA=) S log05 SaS
m* (hin - hout)

Heat load (TR) =
4,18 * 3024

1ol pas
m = mass flow rate of air, kg/hr
hi, = enthalpy of inlet air at AHU, kJ/kg
hout = enthalpy of outlet air AHU, kJ/kg
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Temperature of ethylene glycol entering evaporator =()1°C
Temperature of ethylene glycol leaving evaporator =(-)4°C
Ethylene glycol flow rates =13200 kg/hr
Evaporator ethylene glycol pressure drop (inlet to outlet) =0.7 kg/cm?2
Power input to compressor electrical power, kW =39.5 kW
Specific heat capacity of ethylene glycol =2.34 kCal/kg °C

m ™ cp * (tin - tout) t Sl
3024
_ 13200*2.34*(-1-(-4))
3024
=30.65TR

Net refrigeration Capacity (TR) =

Measured compressor power, kW
Net refrigeration Capacity (TR)
39.5 kW
30.65TR

1.29kW/TR

3.516
Coefficient of perfoemance (COP) = m

3.516
= 129

kW/ton rating =

=273
12
kW/ton rating
12
1.29
=93

Energy Efficiency Ratio (EER) =

=
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100
~ Installed load efficacy (lux/w/m2)

Installed power density(W/m2/100 lux)

Actual Lux/w/m2 or Target w/mZ2/100lux

Installed Load Efficacy Ratio (ILER) = Target Lux/w/m2 Actual w/mZ2/100lux
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Below 1 9
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Commercial Lighting Industrial lighting Industrial lighting
(Offices, Retail stores etc.)& (Manufacturing areas, Industriallations where
Room very clean industrial Worksshops. Warehousing Standard or good colour
Index applications, Standard etc.) Standard or good colour| rendering is nit essential but
or good colour rendering rendering Ra: 40-85 some colour discrimination is
Ra:40-85 required. Ra: 20-40
5 53(1.89) 49(2.04) 67(1.49)
4 52(1.92) 48(2.08) 66(1.52)
3 50(2.00) 46(2.17) 65(1.54)
25 48(2.08) 44(2.27) 64(1.56)
2 46(2.17) 42(2.38) 61(1.64)
15 43(2.33) 39(2.56) 58(1.72)
1.25 40(2.50) 36(2.78) 55(1.82)
1 36(2.78) 33(3.03) 52(1.92)
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8) Deger Saygin, Martin k. Patel, Cecilia Tam, Dolf. Gielen, “ Chemical and petrochemical
sector — potential of best practice technology and other measures for improving energy
efficincy”, IEA information paper, September 2009.

9) Maarten Neelis, Ernst Worrell and Eric masanet, “ Energy efficiency improvement
and cost saving opportunities for the petrochemical industry”, LBNL-964E, June 2008.
10)“ Global industrial energy efficiency benchmarking”, UNIDO, November 2010.

11) Christopher B. Milan, PE, CEM “A Guide Book For Performing Walk Through
Energy Audit Of Industrial Faclities’, Bonneville Power Administration, Energy Efficiency
Department, 905 N.E. 11th Avenue, Portland, Oregon 97208 ,503-230-3611 ,cbmilan@
bpa.gov.

12)

- "ENERGY PERFORMANCE ASSESSMENT OF BOILERS”

-“ENERGY PERFORMANCE ASSESSMENT OF FURNACES”

-“ENERGY PERFORMANCE ASSESSMENT OF COGENERATION AND TURBINES (GAS,
STEAM)”

-“"ENERGY PERFORMANCE ASSESSMENT OF HEAT EXCHANGERS”

-“"ENERGY PERFORMANCE ASSESSMENT OF MOTORS AND VARIABLE SPEED DRIVES”
-“ENERGY PERFORMANCE ASSESSMENT OF FANS AND BLOWERS”

-“ENERGY PERFORMANCE ASSESSMENT OFWATER PUMPS”

-“ENERGY PERFORMANCE ASSESSMENT OF COMPRESSORS”

-“ENERGY PERFORMANCE ASSESSMENT OF HVAC SYSTEMS”

-“ENERGY PERFORMANCE ASSESSMENT OF LIGHTING SYSTEMS’,

Indian Bureau of Energy Efficiency (wis ,5.55 (59 0 42 (bo (sl y50)

13) Steam system best practices. 2009. Available at http://www.swagelokenergy.com.
14) http://www.eecm.ir g5 5l 8 pas alS's (5 3l dige A1y 575 513 yao g oo mol> U
15) http://www.energy star.ir
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