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Abstract

Because of environment concern, renewable energy such as solar, wind, and biomass
are alternative sources of energy that recently receive more attention. However, for a large-
scale power plant, the biomass seems to be the most suitable choice, especially in the South
of Thailand where rubber wood residue is plentiful. With the total rubber planting area of
10.45x10° rai, the cut down for replantation is expected to be 300,000 rais a year. The rubber
trees supply raw material for saw mills, plywood and furniture factories. Consequently, these
wood processing factories generate huge quantity of biomass residues (wood off-cut,
sawdust, and small chunks). In the factories, both heat and electricity are required.
Therefore, rubber wood residue-fired cogeneration power plant can be employed so that the
factory is self-sufficient in energy. Apart from solving waste disposal problem, the excess
electricity can be sold to the grid under the “Small Power Producer” scheme.

There is an interest to set up a biomass-fired cogenertion power plant at an industrial
complex consisting of a sawmill (with drying kilns) and a plywood factory. However, the
operation of the power plant nmust be aimed to achieve the maximum efficiency or the highest
profit, which is very complicated due to the fluctuation of steam demand. The changing
steam demand affects the overall efficiency, because performance of individual component is
altered. In addition, the availability of the fuel is seasonal and the fuel cost changes
accordingly. The purpose of this research project is to study the optimum operating
condition of the power plant under various steam demands.

The power plant was designed for a sawmill and an adjacent plywood factory using
wood wastes from these two processes. The maximum boiler thermal load is 81.9 MW while
the electricity output is in the range of 19-24 MW. The performance of the power plant was
studied in three operating modes according to the boiler thermal load and the electricity
output. In the full load operation (mode 1), the power plant is operated at the constant
maximum boiler thermal load of §1.9 MW while the steam demand is varied to meet the
requirement of the drying kilns and the plywood production. The partial load operation
(mode 2) is designed for partially-fuelled boiler to sufficiently provide steam for the
processes and generate electricity at a desired capacity (20-24 MWe). The base electricity
load (mode 3, generate fixed electricity as agreed in contract with EGAT:- 19 MWe).

The study indicated that the optimum operation of the cogeneration power plant totally
depends on the steam demand value. The full load mode can be operated only at a steam
demand more than 16.53 MW, otherwise the turbine is over loaded (over the designed
capacity of 24 MWe). The full load mode has the lowest overall efficiency compared to the
others, The maximum possible efficiency for the full load operation is 62.34 %, when it is
operated at a steam demand of 30 MW. The overall efficiency of the partial load operation is
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lower than that of the base load condition. However, in the partial load operation there is a
limit value of the steam demand for each electricity generating capacity so that the boiler
is kept at the maximum designed thermal load. For the electricity outputs of 22, 23, and
24 MWe, the maximum allowable steam demands are 25,67, 21,09, and 16,53 MW,
respectively, The base load mode shows no steam demand limit and the highest overall
efficiency is 64.63 %, when the steam demand is 30 MW,

In practice, the preferable mode of operation depends on the financial return, which
does not necessarily coincide with the maximum overall efficiency, because the price of heat
and electricity are different. The highest rate of return occurs when the full load mode is
operated. For partial load operation, the higher electricity gives higher return (maximum
return at 24 MWe output). The base load is the less favorable mode of operation in term of
financial return.

In conclusion, the simulation of the cogeneration power plant provides a basic and
throughout understandings of the performance characteristic, which can eventually determine
the optimum operating conditions. This is helpful in actual operation to achieve maximum
efficiency or economic return for all situations that arise in the factory.
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fuel cost 200 Baht/ton and steam factor of season 2 = 0.35
4.4 Annual fuel cost for partial load operation at electricity output 20 MWe,

fuel cost 200 Baht/ton and steam factor of season 1 = 0.90
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4.5 Annual steam sale to Asia Plywood Co., Ltd. at steam factor of season 2 = 0,35
and steam price per unit = 200 Baht/ton

4.6 Annual steam sale o Asia Plywood Co., Ltd. at steam factor of season 1 = 0.90
and steam price per unit = 200 Baht/ton

4.7 Annual cash flow diagram for cogeneration project (a} and equity (b)

(18)
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= actual capacity of Asia Plywood (kW)

= actual capacity of EGAT (kW)

= actual energy of Asia Plywood (kWh)

= actual energy of EGAT (kWh)

= capacity change sale of Asia Plywood (Million-Baht)
= capacity change sale of EGAT (Million-Baht)

= electricity output (MWe)

= energy change sale of Asia Plywood (Million-Baht)
= energy change sale of EGAT (Million-Baht)

= annual fuel cost (Million-Baht)

= annual fuel cost for season (Million-Baht)

= annual fixed changes capital cost (Million-Baht)

= annual gross income (Million-Baht)

= specific enthalpy (kJ/kg)

= specific enthalpy at isentropic condition (kJ/kg)

= number of hours per season (hours)

= number of hours per year (hours)

= rate of interest (dimensionless)

= internal rate of return for equity (dimensionless)

= internal rate of return for project (dimensionless)

= economntic life (years)

= load factor (dimensionless)

= lower heating value of fuel (MJ/kg)

= specific mass flow rate (kg/s)

= number of months per season (months)

= number of years (years)

= annual operation and maintenance cost (Million-Baht)
= pressure {bar)

= boiler thermal load (MW)

= steam demand (MW)

= average steam consumption (T/h)

= maximum of steam consumption (T/h)
= steam factor (dimensionless)

= steam sale per season (Million-Baht)
= temperature (°C)

= terminal temperature difference (°C)
= specific volumetric (m*/kg)

= turbine work output (MW)

(19)




= boiler efficiency (dimensionless)

= cogeneration efficiency (dimensioniess)

= overall mechanical efficiency (dimensionless)

= turbine isentropic efficiency (dimensionless)

= feed water pump polytropic efficiency (dimensionless)

= condenser pump polytropic efficiency (dimensionless)

(20)
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Figure 1.1 Proportion of products from rubber wood modification process.

{Derived from Royal Forestry Department report)
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Figure 1.2 Wood flow from plantation to products.
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Table 1.1 Polential rubber wood waste power generation in Southern of Thailand. (1897)

Provinces 0.5-1 MWe 1-3 MWe 3-6 MWe 6-10 MWe >10 MWe

Chumporn 2

Krabi 1 2 1

Nakornsri 11 3 3 4 1 [44 MWe]
Narathiwas 3 2 1 141 MWe]
Pangna 2 1 1

Pattatung 1

Pattani 2 4 1

Satoon 1 3

Songkhla 9 9 5 4 1[562 Mwe]
Surattani 7 21 5 1 1[73 MWe]
Trang 8 9 5 1

Yala 10 6 4 2

Total 56 61 25 13 4
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Table 1.2 Age distribution of rubber plantation and projection of wood supply (1991)

Age Total area Projected wood supply Projected waste supply
{year) x 10° rai % Year x 10° m® x 10° ton x 10° GJ
{fresh} {dry)

2.287 20.6 2011-2016 102.92 53.48 9567.29

12-17 2.832 255 1998-2004 127.44 66.22 1185.34
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{(a) Conventional System. : (b} Cogeneration System.

Figure 1.3 Schematic diagrams of conventional and cogeneratiom system.,
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Figure 1.4 Comparison of energy balance for cogeneration system

and conventional system.
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Figure 1.5 Botioming cycle cogeneration systems.
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Figure 1.6 Topping cycle cogeneration systems.
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Table 1.3 Basic heat-power ratio and other parameters of cogeneration systems.

Cogeneration system Heat-power ratio Power output Overall efficiency
(kW,, / kKW,) (% of fuel input) {%)
Back-pressure steam turbine 4.0-14.3 14.28 84-92
Extraction-condensing steam iurbine 2.0-10.0 22-40 60-80
Gas turbine 1.3-2.0 24-35 70-85
internal combustion engine 1.1-2.5 33-53 75-85
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Figure 1.7 Cogeneration with back-pressure steam turbine.
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Table 1.4 Summary of cogeneration facilities and technical potential in Thailand.

industrial sector

Current generating

Operating capacity

Spare capacity

Technical potential for

Fuel used / Remarks

capacity (MWe) {MWe) {MWe) expansion (MWe)
Chemical 8.4 6.9 4 626
Focd 15.3 12.0 2.0 681 Only partial information
Municipal waste - - - 48 Very wet fuel
Qil refineries 27.0 16.5 10.5 141 Fuel oil, etc.
Palm oil mills 6.0 4.0 2.0 32 Shells, fibre
Petre-chemical 64.1 308 20 268 Fuel oil, etc
Pulp and paper 68.4 37.5 18.9 252 Fuel oil, Lignite, back liquor
Large rice mills 11.4 11.4 - 9 Parboiled ricemills
358 358 - 138 White ricemiils
288 In case all husks are dsed as fuel

Sugar mills 430 (elec.j : 290 140 81 Baggase

200 (mech.) 200 - 248 Diesel oil
Textiles 9.4 8.2 1 277 Fuel oil, etc
TOTAL 878 662 195 3,098

(4
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Grading & Packaging

Figure 1.9 Produbtion process of plywood and sawn timber parawocod.
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1 ! 1 ! 1
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do ¥ -
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s ar é 3 ?:I
Traauaneldfa Table 1.5 (WO Power Engineering Ltd., 1997) Fawugdiunnnasldlaa

= at A ot i H 13
sautunszuounsnineelsenuildngmgegan 32 vh uaelldnsuafe® 27 vh uazwudniBuam

nridlainagslulssnuludoausnaadt] ((Fewds 1-10) HA1 80-100% 1a9ANANNARINITIaNUN

ggn uszludoamdsaest] (Hawdl 11-12) Hnsldfsnaleniedetulsawezndne 30-40%

TaeAANREINTTlBtNgeEn

Table 1.5 Steam consumption of Asia Pliywood Co., Ltd.

Average annual variation of steam consumption at Asia Plywood:

Season 1: Month 1-10  80-100% of the maximum demand

Season 2: Month 11-12  30-40% of the maximum demand

Steam dermand Peak Average Working times
{t/h) {t’/h) hid d/w w/a

Plywaad factory

® Veneerdryer i 6 5 16-21 6 50
® ‘Veneer dryer 2 6 5 16-21 6 50
® Hot presses 2 1 16-21 G 50
Sawmill factory

® Sawwood dryer 1 8 / 24 7 50
®  Sawwood dryer 2 10 9 24 7 50
Total steam consumption 32 27
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Aidiatatinludnegegn 105 th RAMNAL 55 bar uasaaMNi 437°C TeausnNRANAII
9 t

Irfhanfsiulanfudnsmeige 19 Mwe uargega 24 Mwe TnaflsaasBonvesgiinenl

sieraeteedney uandldas Table 2.1

Table 2.1 Details of cogeneration power plant components.

Equipment Type

Steam boiler Fluidized bed boiler

Steam turbine x Double extraction condensing
Condenser Surface cooling, straight tube
Condenser pump Centrifugat pump

Gland cendenser Surface cooling with {urbo-fan

LP preheater Horizontal, U-tube

Feed water storage Pressure spray type with vertical tank
Feed water pump Centrifugal pump

Cooling tower Wet cooling tower

Process steam 30 t/h {(maximum)
Net electricity output 24 Mwe (maximum) Export to grid 15 MWe {minimum)
Net electricity output 19 MWe (minimum Asia plywood Co,, Lid. 2 MWe

Reserve margin 2 MWe




55 bar, 437°C, 105 ¥n
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111°C
14 13 A Ps =7 bar
J/’_ -
15 B 17 P, = 0.64 bar

Feed water pump

P, = 55 bar

e
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17
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Generator

Gland leakage steam
0.9 bar, 337°C, 0.049 kg/s

Cooling tower

T,,=110°C lz
o

n.

LP preheater —miems=
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Cold/

Gland condenser
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Figure 2.1 Diagram of the biomass-fired cogeneration power plant
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Mode 1: Full load
Constant boiler thermal load (100%})

A4

Maximum electricity output

Mode 2. Partial load

Constant electricity output (By demand)

Minimum boiler thermal load

Mode 3: Base load

Constant electricity output (19 MWe)

Figure 2.2 Modes of operation cogéneration power plant.
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232 wninauesesiuu s 2
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1 I &
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FaffunsUssndamamds  Inslunisnaewsninisdnsmansenueinnintfean/awn
¥ ¥ i, J
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Anufousaslssy  ussindensudnWinaasisdnsineiu  dulnansenusiatsz@ninw
Inssonaaelsedng  uasdmenisadsnasmiawiauluaiasnuilalodsdnls  ehacld
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ssdamufviadaysiiludsrlanidaelunaduesominsalireriuladne haldssuy

vildeeiiiss@nin mgegauazgiawasandanad Wi laniumcudasnasdos

233 wwunaRuAistad 3
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(base load) Fuflunaiueiaiilsedns annsonammdanulninldandermuneealsdng
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2.4 ANMNRadLLLIsdaTasiiialetn

2.4.1 wiaanuiialean
4 e oy ¥ . . d oo a4 ¥

wsnsnufinleunihidamlssnauvdnaedlsadng Seinwihwdaswiniawananioy

agpanatausiiulaindesan  Teelilerestfialesnildsunisasnuuumuaiasnnuun
. T - ¥ 4.
gusrauznsinailussssaneslaniigninlildey  Gwenunlugdssnfnaladringn
Ihiududedaine Ranevanuduazaomgiianisamig  videerauenunlugiiaes
Usransameenaraniialed  dfuerasiadlaleiafiininnsAnenfuuuingestugn
1 9 k%4
Al Figure 2.3 dhudfesindinlavihoiiaviewn (water tube steam boiler) Hszuunisilau
§ -~ [=3 d‘ :1'1 . =] a;cls’ =
oAt uiuuRzuNsNAaaun  (traveling  grate) waziiszuunarn lud@amaatuuuy
yWadaladium (fluidized bed combustion) MFamasnniseldonanisinaeiiainlsesy
4 ] 1

Asia Plywood Co., Lid. gunsandntainiludnegegai 105 vh RAMNAY 55 bar ey

=Y (0] = 0 o - ar I g r—d’ = =
gaanpil 437°C fimdwBnndnuacuiou (le) el 81.9 MW Tnelinnuaziaenuas

y 4 e o ¥
Faualuntseanuuiiiosiiuaasaiasiniinladmanddlu Table 2.2

a

1054 h, P, =55bar, T,=437°C

>

Steam

>

T,=111°C

Feed water

" Figure 2.3 Schematics of steam boiler.
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Table 2.2 Details of design valtues for steam boiler.

State poinis Design values

Steam pressure 5h bar

Steam temperature 437 °C

Steam flow rate 105 th

Feed water temperature 111 °c

Lower heating value of fuel as received state 7.8 MJfkg (moisture 46%, wet basis)
Fuel consumptlion 43,000 kg/h

Boiler thermal load 81.9 MW (Maximum)

Steam boiler efficiency 80%

2.4.2 auyRgnuariennasisuundtaseieiniinlei
] v
lunssaaaiuunisieessasiuiinlainfasunsadinaianiarliivileuress
5 © & L A d' 4 hd i 2t .%' < 0 & &
yntlsznnstiy sldennuazagududenn ielinisdeesuninliieiy fedaihiiain
P 2y = = P 9 o o AP
yagauiianunsoasicldeanly Gemnfiguuardennasdmiunisinaasuuuniaildun
= 1 4 =y . A § [d =y ?JJ 1
1. aaafidndnansdouTaademda (heating value of fuel) Alfluirzesiuiinlehil
A 4 -4 ‘g =y n!/ 1 ¥ =
pafinaaanan Amiudemdsnnimslianisundaiaeiidaoniausedtamas
@Al 7.8 MJ/kg (AT 46%, wet basis)
=g 97 dl hd -y 3." 3 g vd' o =y Q
2. guyRlirasindaleiansnsandnlein léiamdu 66 bar guumnil 437°C Aren

daannsineny (Ensnisudngegn 105 vh) TeflAneuriativiaiu 8279.6 kikg wazdl

Aeunsaivinti 6.723 kJikg K

Y a 4 = [y N 5 a A o =
3. ﬂuumiﬂﬂmﬁgﬂ‘ﬂﬂquqﬂﬂuﬂﬂqqL“H’ﬁ]ﬂqLﬂ?ﬂ\?ﬂqiuﬂiﬂuquﬂmuﬁﬂﬂﬂﬂ 1117C uazd

4

ansihgeavasadauintan Seiaewialiviaiy 472.1 kikg uaziimieunsel]

WAL 1.4227 kdikg®K
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= 8 = d o =y g Q - =y & 3 2 :!l ﬂd
auyil¥anlsz@ninmssarsesiniialerirdmivasiiamsdiangfefiniln
maflulounfindliArash (ansdreadld 1, = 0.8 wiltlsunsunisAruaniainisn
wWasuAn 1, Wewusiaans)  UssBninmreussesniiinlatiisnuaindnsidou

1 4 1
syimsidasuulaaeuiativecinfeanaauiansediaInas

[] 1
243 LULARAIBUATaaniinlan

mnﬁmﬁgwmz‘ﬁﬂmnm‘n@qtmué’ﬂamLﬂ?mﬁﬂ WA le U NN EINITEA AT IZT LU

-3 o ld! © la) g & ] -3 &+ 2 ﬂ: 24
FIREY m?ma'}mmLﬂsmn'mm‘lﬂmmmumm HWANMRATERAT Iugﬂmmwmqmmﬂmﬂwh

1 9 L] 3 ] ]
aneraainiiaimianlssdninwseussasnuiinlen fengdefviimamelulauniing

1Adatl

aupandsuseursanniialan

Qg =m,(h, -h,) 9 (2.1)
Us=AnTnnaessainiiinlatin
Q
_ B
= © 2.2
g m,xLHV @2)

4
e m,

S,

f

= fmsnasiuasaslatn, kgfs

= §asnastlendamasliiuedasiniialavn, kgl
. ¥ . | o oy ¥

= aufiatireniilouinradriseusdeindintenn (472.1 kikg)
L g A =y 4 o = %'

= lauatiralarinfinanldanniasasniinlan (3279.5 kJ/kg)

v 1 ] L
= punsateanirtlauintadnressrasniadinlatin (1.4227kJkg K)

= iauvsatiradiainfndnldrniaseanidialenn (6.723 kikgK)

ar A : o = g
Q, = nasnupnufeuildlaeedainialaun, Mw

Me

=tlse@nsnmwasataiaanuilntain

LHV = Lower Heating value of fuel (lsfanemwis) = 7.8 MJ /kg
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2.5 MMANaeduLTaanaidlatn

o
2.5.1 faulaun
Q F- o L ‘0’ J o ar o ‘0’ g Qs
guiusaiuslainniinisAnehiaiilaawulatnfinnen 2 dau (double extraction
. " o N 'u/ o !ol o %’ .J o
condensing steam turbine) saugasldily Figure 2.4 Tasfifehdlavniinsianautatininly
¥ ¥ ¥ 4
Harmeendlu 2 dou Ae leunldlulseay (process steam) uax lasihlilunisduinilaus
§ ] 2.’ oy [ cl %’ tzl =T s e 1
wFasguiintlaunilaanuduin (LP preheater) doulavnfiwdaaniviurzgnasuwiuty
ABULANLTAS nrsneuaadiaidletinasivleunfuanlianeseanniinletn uazeenesiaciny
& s t!)’ d’ =2 -:il ar [ ar [ g d'!/ =3 (% !u’
Awiulen  dethgaieoaduviduacsdeddeinidesnisldlulnouiasinneuleh
; N I . -
yegauiidiasntraananniaiiletniatintedn I iulseny (roaududssunn 7 bar dwdu
by 1 1 t
msauuseliiananis) dnBundaifidanaueania Galnfdnaslfsuntiainaanionn) i
i t
AnfundrAanudasntsauieululscuausdy  ardarsugsasinuiiiaougudnsinisiva
%’ LT~ 12 L7 = ) 9+
gadlainlfidumuanmzaurainsanufaululioey Tnefimas®uaussdayalunis

} 74 . b T
annuuulasduIastaiulanfivian1sAneda Table 2.3

Generator

Process steam, m3h3

Gland leak steam

LP preheater, m,h, Y m, h,

4
Condenser, mgh,

Figure 2.4 Schematics of stem turbine.



Table 2.3 Details of design values for steam turbine.
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State poinis

Design values

fFirst extraction steam pressure {process steam)
Second extraction steam pressure  (LP preheater)
Exhausl steam pressure {condenser)
Gland leak steam loss

Net electricity output {(maximum)

Net electricity output (minimum)

Steam turbine iseniropic efficiency

Overall mechanical efficiency

7 bar

0.64 bar

0.101 bar

0.049 kgfs, 0.9 bar, 337 °C
24 MWe

19 MWe

87%

Q7%

= & c’l’ 3 L [ g‘
2.5.2 auqmgﬂuttﬂ:‘nﬂmnmmﬂqmwﬂmammmmﬂwulﬂm

A g ° o way X a4 e g w o =i & Wy = .
Wal#nnsdrnesunmalidneiiu aduflufasdaungaunannsossiivldeantl Gy

o g
grnuazdaanasdmivnisdiansnasidlaun

- ¥ o« o 4 & e o =l '
1. L‘lé'ﬂﬂ"ﬂﬂi@ﬁ']@jﬂ&lLaﬂ"‘}'\ﬂﬂ\jﬁu{ﬂu'l (giand leak Steam) UANINENERNUDY URIHHAMD

Arndaivdhindnidanniafeanufialviiiessnn AuliReansngu@tilen

= & & ¥ = tﬂt 7 P 2 gﬂ’ 3
gdeandviulotniidiad  andaysassuatasdeyalunieeniuiniiey

&t LY 3’ 13 & io’ o ar %’ 1 A
ansisiidlan  wudndnrnasisauarantazreslensgydoainisivlaiiidia
1arsinnd 0.049 kg/s, l@uTRL] = 3151.1 kd/kg

9 b4
auyRidrAnswiugadlaifinney (extracted steam) luudazdunaunisiiandion
A [] f-‘} ° &ﬂl o g | [ 4 ol

aaft BlulReulsemaandoenisineu dissanlumalfiiRdaeudiy £, azgninm
TWidnadatianualunisanudeldeawnssedlssny (design condition: P,=7 bar)

o ar 1 ot : i 4 A
uazduiusiaui P, ey P, a1rasiintsnfasuwlsadndes uddnqsulaoula

o :’/ ) ! L ol é =y 1 o =y

gaepnduiiaasqailnadeArndsnuiiinindnldanniasesiniialifiaies

G _ W .:3 o & 2t o o o & = p e od Ao
dintleenvintiy Auiudstadinnuduitaesqail (P, uaz Py Hrrald GetlnRazildn
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1 o R e d{ 4
HorndianNAuLTTEN ALENS {design condition: P,=0.64 bar, P,=0.101 bar) (Wav
. N T
silrldamaniaiulaiwniige

ar

3. auyiddnsz@ninwlamumseTnaasiviulain (isentropic efficiency) , 1, Ta3us
3 i []
avdu (stage) mainsurasiaiulairildasinaendaanisinauuaziidwinfumng
y . . . .4 . J
Jumaunsineny (Hanisatsadld 1, = 0.87) Inanldsunsunisanuaigiunsonlaey

A isentropic efficiency, M, 1dnnusiaanis

b4 2 ]
4. auFdradsr@ninmidsanalngsonaasiaiulabuassendneiaiuleifieia
Adalidia, 1), Tdaeh rassdasnisineu (anisaasdldd 1 = 0.97) laad

TilsunsunisAmauansanlanuanlsz@nsnmidana, 1, Wnnudasnas

25.3 widsawesiaiuleun
9
nnanyiguasdennawetuudrasioidled aunsodinmeiunntiassnieinam
84 oS iol = & hd o A = o~ e %’
gaefaiulomlugdannemndinaand  Tuglaasanuasirdsiiaiin@nldaanseiuleia
8 2 QI d‘ < P ar ¢=ial’
doangdefivilmaamefTulaniindlddel
4
augaduaagesivinian
m.=m,.+m, +m_.+m .
p T Mg My Mg My @3)
augadndsnuseaiaiilam

W=(mh—mh—mh-m5

7 = Myl ~mahy -m hy, -myhy) (2.4)

g

‘4 1 @r i 3 ‘4 i ar
TaenaAvewsiall h,, h, hy amasaunlfainaunasii 2.5-2.7 uaz myh, raaeiviaiy

174

o L %3 A =, i o = o’ H .74
154.4039 kW uazannsoAmmuingsiaindaldanniafasindialiifaaunsd 2.8 dail

by =hy = Nplhy —hsg) (2.8)
hg =hy~ nplhy ~hg) @D

i 13
nndewfinnnarldatniaiula

Electricity Output (MW), E = anT = O.QTWT (2.8)
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i

e W, = vdldanndaila, mMw
] 14
E = masldifindnldanniaiulawn, Mwe
14 I o

m, = dasnienisinageslainfintadeesisiidlei, kgis
m, = dnsnirinasedlamiminldidlulsen, kos
i, = dngnsivarasianfieananiaiuleir lldurfasguintlen, kg/s

as % dl ar o 10) b e I3
m, = dnsnisagaslafiesnaniaiulmitllfeewauaes, kg/s

£y e =y e | g 3 o  ar %\/ a” d‘ L4 L
M., = UseBniamdanalagsurasiclounazsendreisiulasinfueiosiadialwia
=y = @ & ¥ 3," . N . v

1M, = tesininmlaunsallnaasiaiulen (sentropic efficiency)
wiswmgiaiern s uansivanmzaadlaiinumleingg Taesanesaninuieoilediu

lairunsailn (isentropic expansion)

2.6 nrraaasutaantsldlavintuleany

y .
marlaun g lunssusunrauuwdisldfenanisaadissau Asia Plywood Co., Ltd. Tagl
=y, = A T :!' .:g’ ar ~ 8 & o & = :’/

UnRariiiBunillad Tuiudssusiiesirdnmiseanraslssuluansiu Tneiunmunis

W 3 3w
Wlavaaslaaldugnatdly  Table 1.5  Fafuaunislflatiasanlunssuounisuanaas
Trauildnsagegad 32 vh usildneeden 27 vh wilumalfifudousnatnadedtd

o+ g 1
Bt bilinuacudainslulsauids ddfasaupuanizaadleinfiinl)idl
I3 2 ° o . o

nuldldanmeaudanmiasesisnudndon duiulsenu Asia Plywood Co., Ltd. it

= § - %’ d’ k4 Ss b2 = ar
nsAnHTenssnteietinilsaudaanisidluniseuudsldienamwisiie audn 7 bar
uazgouunll 165°C uaranazanuiamuiuantulianuiumigy 3 bar uavgnmnil

: e s§
i 80°C Bauanalilu Table 2.4 (IVO Power Engineering Ltd.,1997)
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16

P, =7 bar h,s = 2762.4 kfkg

T, = 165°C
Process steam

P, =3.000bar ,h,=335.2kikg

T,.=80°C

b
il

16
Return condensale pump

Figure 2.5 Schematics of process steam.

Table 2.4 Requirements of steam demand for Asia Plywood Co., Ltd.

Process steam Guarantee point Return condensate
Pressure, bar 4-7 7 3
. Temperature, °C 150-165 165 80

2.6.1 am;ﬁgmuaz%mnmtﬁmﬁwﬂmLmuémmmﬂ"ﬂﬂﬁﬂuiﬁmu
Lﬁmmﬂammm‘lfaﬁﬁLm:{fﬂmuLLﬂuﬁmqL%mﬁzwﬁm@nmmm:mummuuﬁﬂu
Ts091 (process steam) RAasuulaadntios %'amm‘a‘nauu?}dﬁﬂqummhﬁwLm:ﬁq
AaLuhnIadn (‘ﬁﬂﬁ 15) URZNHADN (fgm*?; 16) ganszuaumesatiiialy Treau Hannosag

o o o
hnaeadasnisniauigli 2.6
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2.6.2 wudtaasaaan1s T lewlulssany
=, N d‘y 8 o 244 ? .
nnauyRguasfernauiissrurewuuinsensltioinlulsam (process steam)
ausaiInasTsinLIRR e eadinaanfluglaasannudiasnan Butaaonuieusas
1 1 kel
159914 (steam demand) fosngdatinilmramesflaudindlidadl

aunanasnursansidlainlulsanudangdefivilimiamesiouniing

Qp :m?S(hT5_h18) (2.9)

W Q, = Anusiesnistiuiuannufeululsem, Mw
. , ¥ o
m,; = dagnsinagaslainnldlulzeny (a0 15), kgrs
h, = usiatieslairimiadresnssuauniseuusialulsen (2762.4 kfkg)

Y 1
wiatlasia iU tseangaanseiaunasasuia lulaen (335.2 kdkg )

h16

it

s, = unsalioastatfiniudrresnssununtseatuialulannu (6.708 kikg°K)

S, = PUNFBTIFBANAILLIUANNBENTINTEUIUMFBLILE NN (1.075 kd/kg®K)

] 2
2.7 nmramawuuranaasguitiauwuudn

2.7.1 isasguirtlauunia
L7 44 & 54 3 %’ Ed < t g b O 74 d‘o ar
wihindnaeaarasdmitlawuuuiiauanainssinasguiiilauude  daiamiwdadn
Aasfgsegildauuinluszuy - duennia, esenday, lalesiy, wsrarfueulneanlds
2 h 2 .4‘ ar 4 é = EQSJ_ g @ o nﬂ' £ g
IHanunsaszuntgusssnald hesanisiansaunasiiniulussunldl dwmiuafeaguintlon
wuuiTlefnnsdneiluesiin pressure spray type with vertical tank fagiininid1aadftigns
o A i) g =3 g & ar  ar io’
Wy Figure 26 maimuessssgwiniiawudaasaulsdlehianauaaniaiulen
i H N ot sol i L o a* !
finaudiu 1.43 bar (30% 12) Wnannanlatnsefininflanietluaniozaaansdndio (30 9)
¥ , - d - o SR
wazANILNRINNTEUIUNIseIiaslrvegannll 80 °C (RaW 16) fanazlAgy
%/ o e o . =y o i
iileulildanasiuresvactndongomal 110°C A2uiu 1.43 bar (3 17) Taedlse

e 4 ¥ -
aziBuauasdayaniseanuuuidiesiureasiasguindeauuuiauanslilu Table 2.5
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Steam in
P, =1.43 bar
12
i Feed water in
3 9
5 Y
P, =3.000 bar , h,=335.2 kitkg J%
o 4
T,,=80"C ( )
6 4| Feedwaier storage |2

Return condensate in s (e L

P,=1433bar . h, =461.3 kikg

17 T,,=110°C

Feed water out

Figure 2.6 Schematics of feed water storage.

Table 2.5 Details of design values for feed water storage.

State points | Design values

kals bar °c
Feed water in (point 9) 18.6 ' 5.5 80.2
Steam in (point 12) 16 1.43 191
Return condensate in  {point 16) 6.7 3.00 80

Feed water out (point 17) 28.6 1.43 110
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2.7.2 #uy ﬂﬁﬂu%ﬂz‘ﬁﬂ ANAYLAIAUTEULUIIAD Lﬂ?mijuﬁﬁﬂ@mmuﬁlm
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wanuazaanlunsiuon feilanyisnuasdennasdmiunisdraasunmaiailldud

t
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1. suyidrguingiivenileuige 17 fdiam AallannailuzeavacBudanguugi
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Phindleufianfl 17 fenandiureman FoiliRareudomeasenisiieses
fhnintlan (flasann cavitation effect ﬁqﬁutﬁ;ﬂmqmzmﬂ’lunwﬁ'}mnﬁaﬁmﬁiﬁ’
qo7 17 aciidgampfiagii 110°C (b, =461.3 ki/kg)

999N @A 999N ATLLINAINNSELINANE LA 19997 (return condensate)

=

an 16 Havdasuwlaadnles Reflamaziluleanasdasiofigomall 80 °C Ay
aunsnauyRlian 189369 16 HAranmgiianh 80°C (h, = 335.2 k/kg)

P ar 4 ° =] =g % o 90} = & o 1
iWeanaududenlunisdtuans feanyi lidrannudusedetifinadseariasy
@ t

Wrflauuuuilaiidiag 1.43 bar nuAmseanuuy) werhifinnsg@aannuiau
= 'g A ol ::’ = %’ T ot ‘J 1 1 L
Hatungn A fuasisasuniianiozsedlana (Aueuvall) fge 12 Aty

L ‘J
luvialingn 3

1 b
2.7.3 wuusnassredmsasguintleuuuindin

wiuRsaatinAanisongdeivilmaneflatauniind i

= ¥ [ ::‘} E) %’ Py = &
nauyiiguuasfannaiissiurauunitasadrasguiiiouiundln amnsodiaed
4 ¥ -
aupruaTavAragTlauuLLTn
m9+m12+m16=m17 {2.10)
T b4
angandastarssguiteuuuila
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d‘ ar ?:" ] A i d!l ] %’ =
ifla m, = dasmnisluasavinasuwiviniadasasguiiiauuunnies, kg/s
- %’ ﬂi' 173 d! 1 g =
m,, = darnnsinasaslainimadinasasguinileuwnnils, kg/s
. Y . - 4, ¥ o
m,, = SAnisinsseatitrsuminanissuimadueTasguirisunundle, kass
o Y . PR 1 -
m,, = amsnnsinazenittlauineanvevsiesdutitianuunda, kgls
ar = % 1 1:4 17 &H‘ i %’ b
hy = uiatiranipsuwduimaduasasguintewwunde, kikg
b4 H 1 LY
h,, = wuiatveslatinadursesguintiaununile, kikg
o gol ¥ 4 1 i iol ~
h,, = WAL IIashAuwivaInTseuinadnarasguileuuumila (335.2 kJ/kg)
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AvFum AN sAnEiuILL horizontal, U-tube dawuiidnaastu Figure 2.7 nnannenugas
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Fenzdnomndsurufauliudinilay (ga# 8) Weillunsguinilewliiigamgiigeau e
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n; 1 [ ] . & %’ d' dil ']
a0f 4 (dravmanizanudeuud, latent heat) dwiugaumglivenitlaufinneanieunsag
‘o’ =y o o -~ 1 ° . g [ (=) 90’ o -:J
infleununTianomdusa (ef 9) azbilaunsainlilgnuuniivinduguungiizeclaidnnou
H 1 L [ 1 = . . 54
an 4 wedwansnsiiGandanasiagnmgiiuane (Terminal Temperature Difference, TTD) o9
) 1 3 1
iarnagmitlevunAlafivanasfinuiidn TTD whifu 10°C Tnsiimeaztoauazdeyalunis

3 1 @ .
senuunidesfiuanuarasguintlauwnitinrosfnuanddSis Table 2.6



Second extracted steam

Design condition :P, =0.64 bar

Feed waterin

9
Feed water out (___4

10
SENEN——. Second condensate out

(Saturated liquid at P, , 1,

Figure 2.7 Schematics of LP preheater.

Table 2.6 Details of design values for LP preheater.

State points . Design values

Kg/s bar °c
Steam in (point 4) 1.7 0.64 88
Feed water in (point 8) 23.2 8 47.6
Feed water out {point 9) 23.2 55 77
Second condensate out  (point 10) 17 0.64 88
Terminal Temperature Difference, TTD 10°C

Thermal output 3570 kW
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[ {,’ d‘ = ar cal g | 2] . rr
ponaniviulewiian 4 Haomduasd (amsaaaslddn design condition: P, =
0.64 bar) ARAATTEZIORINITNINTIY
2. suyRdlensuwdunneesntevaeginileuuuuiiaaudui (9aft 10)

anazihesuacdnso iaouduasgumniitieefiuiugail 4

= i A 3 io, = s °l 1 i 1 2/ 3
3. auyRdAn TTD reaaresguidenuutlinaudumiAaiivingy 10°C adalsh

maldsunsunisAungansnasan TTD inudaanas
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TTD = Ty-Tg =10 (2.12)
o 4 , ¥ . o 4
zm@awaqmummLﬂsquumﬂ@mmuﬂﬁm’mmum
m, (h, -h, o) =mghg -ho) (2.13)

. ¥ 4 ¥ - .
e m, = m,, = dasmsnasiuasaladimiaduasasgnintlaundinnousiusn, kgis
o bl g t=l t A i g =) v o'

m, = m, = s siusrsuitiouiivadussasguinieunuutinacudium, kg/s
h, =wwiatlaslauinadidrewuiniouuilnanusim, kikg

% g A 1 1 g | & o
h,, = @Wiatlrasissunsfieanainiedasguiinlouuunilnanusium, kikg

o ¥ o 4 ¥ - . ¢
hy = wuwiatisasnilawiniediasesguiniiaunuiiiaanusium, kikg

LS g. J A 3 %’ e [ o(
hy = @wiatlraviilaupsananiArasginintianuunitinasuiiuen, kikg

TTD = nangoumniitlane (terminaltemperature difference)
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2.9 N1TMRBILHITDIADUIALLTDT

2.9.1 rauaigas
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s . P Y (w 2o d o .
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Exhaust steam

Design condition :P, = 0.101 bar

Condenser Cooling tower

\/

h
>

11

Saturated liquid at P

Drain from Mg = My

LP preheater + gland conder

Figure 2.8 Schematics of condenser.
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Table 2.7 Details of design values for condenser.

State points Design values

kgls bar °c
Steam in {point 5) 21.5 0.101 46
Main condensate out  {point 6) 23,2 0.101 46
Second condensate in  {point 11) 1.7 - 88
Cooling water in 1230 2.5 31
Cooling water out : 1230 2.0 40
Thermal output 486,000 kw

& o o

292 ﬁuuﬁgﬂuuﬁ +AanNaLDIFULD ISR ABULAULTRS

1.

]
4

2 ! 1 H
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27 1
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d' :J 13 o & ’OI c:i :-*3' r o = 3 s:' = S
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1 1 b o A = L L 99) L :’/ = i ’O’ :
warinasedidiitndaldanioiladneenn dafusunsoguyidlemd
o' o g i &8s ﬁ} -]
neantasiaiuleuian 5 dannufuad aaasszasiaainiminn
14 1
auyRdIMIIuTsIRswauTeig sainsilat actiuletiandeilennid
J L = A
firsfuIaTaIIANRRBAIAT
o %’ 1 4 [ 3 A = - c: vnl
auyhidnnaiineeenteireviawiged (af 6) Nantuiluaaanandusiof

o =% o Lo cl
AsAuLaTgM)iReiiLfan 5 (0,101 bar, 46°C)
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2.9.3 WLRIADIISIARULIANLETDT
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m ~I—m11 my (2.14)
RNARNAIIDIADUAT DT
m (h -h )-l-mﬂ(h‘11 6)
Energy Rejected, | Q  |= (2.15)
el 1000

e Q= Amdadauiivielethdesinasena ey . Mw
, = fé’mmmsn’}s“mmm'lmiﬁﬂﬂnmnﬁ'@ﬁuﬁﬂﬂjm?mmuuﬁu  kgls
m, = m, = Smsnslvasaiaotiiisenanneeages kgls
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Boiler

b5b bar

2.10.1

&7

Condenser

6
17 0.101 bar

1.43 bar | Feed water
Condenser pump

Storage taink

7 bar

Feed water pump Gland condenser

Figure 2.9 Schematics of feed water pump and condenser pump.
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2.11 AR LIBNUNAUAABILAUERS

2.11.1 WNAUARAULANLEDS
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Figure 2.1‘0 Schematics of gland condenser.
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Figure 2.11 Schematics of point A.

Ly lg o
2.12.1 gayRgnuarfennaniieairauundianiyn A
dl ] = L] 1; ar as o g n! = a8
mﬂﬂo'\uﬁzmnlumﬁ‘mmm f-\mmgm'ﬁ,ﬂmmmmaumnnmu‘lﬂmmm 3 HAANAY
t=’ e + . . N L4 . e ]
AN (Nﬂﬂ’lﬁ"%’]ﬂ'ﬂxﬂ‘ﬁ'm design condition: 7 bar) ARAATZHZIRTNITRITIU uﬂmwmﬂuﬁ
o | . o o
msgoydemisnunniauiian A warnispenaidudange 12 usy 13 dhuuylam
by o ::f sy g” o : § CJ 4]
nsetin dnfugmusiniFaadlewn (auiall) fwaad 3 uaznnaniign 12 uaz 13 Azl

WNAURAATIUIRINITNIIY



62
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- Figure 2.12 Schematics of point B.
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Figure 2.13 Schematics of point C.
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Table 3.1 Operation modes of cogeneration power plant.

Operation modes Load type Boiler thermal load Electricity output
Mw) (MWe)
Mode 1 Full load 81.9 (Maximum) Maximum
Mode 2 Partial ioad _ - By demand (>19MWe)

Mode 3 Base load Minimum 19 (Minimum)
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Figure 3.1 Overview of simulate programming for full load operation.
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Figure 3.2 Information flow diagram for full load operation.
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Figure 3.6 Optimum value of mass flow rate m, at varied steam demand

base on TTD value (T, T = 10°C
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Figure 3.7 Optimum value of extracted steam at varied steam demand for full load

operation base on TTD value (T,-Ty) = 10°C
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Figure 3.8 Cogeneration efficiency and electricity output at varied steam demand

for full load operation.

atalsfinin Figure 3.8 wanslfifiudnminarpounasnisiiutaianinienlulssanslam

Wernd 16.53 MW (Iagnisanenesdngve m,) asnldnadenisnanlviiheeslsedne dan

ar  ws |

NANNTY 24 MWe FufuAmAInsuangegaaaadaiilenn (Table 2.3 Tuuv#l 2) daduwindl

2r

Al ldnTsaussdinaniaiunamnfauitesndt 16.53 MW azlianunsoifuasas

. I
Taedng wnilusue® 114




85
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Figure 3.9 Overview of simulate programming for partial load operation.
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Table 3.2 Optimum value of mass flow rate of extracted steam at varied steam demand

and electricity output for partial load operation. {based on TTD = 10°C)

Mass flow rate of extracied steam

Electricity output Steam demand m, m, ‘ m,
{MWe) (MW) {th) {t/h) {t/h)

0 4131 4.256 67.542
10 18.906 3.853 61.465

20 15 26.294 3.651 58.427
25
30 48.456 3.045 49.313
0 4,956 5.152 81.020
i0 19.731 - 4,748 74.944

24 15 27,119 4.546 71.906
20 34.506 4345 68.867
25 ’ 41.894 4.143 65.829

30 49,281 3.941 62.791




94

39— 70 ] 1 95
& =
& 65 90=
2 N
ch 60 859
2 Q
g oo 80 T
$ 50 3
3]
8 755
45 E
. 708
40
65
35
et —O—— Cogeneration efficancy (electricty output = 20MWe} 1 &0
a0 —-—{}— Cogeneration efficiency (electdcity output = 24 MWe)
- -~ & - - Boiler thermal load (electricily output = 20MWe) i
25 - -~ -¥- - - Boiler thermal foad (electricity output = 24 MWe) 55
1
20 : i - - R B R N
0 5 10 15 20 25 30 35
Steam demand, MW

Figure 3.13 Cogeneration efficiency and boiler thermal load at varied steam demand and

electricity output for partial ioad operation.
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Table 3.3 Optimum value of mass flow rate of extracted steam at varied steam demand

and electricity output for base load operation. (based on TTD = TOOC)

Mass flow rate of extracted steam

Electricity oufput Steam demand m, m, m,
(MWe) (MW) {t/h) {t/h) (k)

0 3.925 4.033 64.172

10 18.67 3.629 58.096

19 15 26.087 3.427 55.058

25 40.862 3.023 48,982

30 48.260 2.821 45.943
__ B . N - - . - S
= 70 1 T 80
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Q ] - =
2 60 Neo = 56.244% 1 d
= PP d
@ g
5 50 C ff &
=2 agenerati i =
= generation efficiency Qp =693TMW | 70
GL) ................................. ) g
[ . e}
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]
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10 ; 55
i
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0 _I___"" T T LI 7 - '(}7’777' : T " o i 50
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Steam demand, MW

Figure 3.14 Cogeneration efficiency and boiler thermal load at varied steam demand and

electricity output for base load operation.
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Table 3.4 Comparison of operation modes for cogeneration power plant,

Steam demand (MW)

0 10 15 16.53 20 25 30
Mode 1 23.238 22147 21.055
Electricity output (MWe) Mode 2 (E =20 Mwe) 20 20 20
Mode 2 (E =24 MWe) 24 24 24 24 24 24 24
Mode 3 (E = 19 Mwe) 19 19 19 19 19 19 19
Mode 1 - 81.8 81.9 81.9 81.9 81.9 81.9
Boiler thermal toad (MW} Mode 2 (E =20 MWe) 59.364 65.835 69.070 70.254 72.305 75.540 78.775
Mode 2 (E =24 MWe) 71.220 77.691 80.926 i A »
Mode 3 (E = 19 Mwe) 56.401 62.817 66.106 67.290 50341 | 72.576 75.812
Mode 1 : 52.794 57.566 62.338
‘Cogeneration efficiency (%) | Mode 2 (€ =20 Mwe) 3;3.690 45569 50,673 52.424 55.321 59.571 63.472
Mode 2 (E =24 MWe) 33.698 43.763 48.192 '
Mode 3 (E = 19 Mwe) 33.688 45.126 51.433 53.247 56,244 60.626 64.634
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Fudsnaadaclunmsassinanetunmisinuassrngnddmiuladne THud fq
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ananeddemas, mlddamedudaningdnmiaasdns, mealdainnmeladusy

Il iulseens Asia Plywood Co., Ltd. uazsnalfiannnisareivialdiunasivifiadnanan

(EGAT) s Featdanelunisudausvsalfaasdsedng avauedfudnmusnuanisdiv

i ar ¥ 1 1 = n=l 45
wrnnadlsdngy dael msﬁﬂmﬁqﬂﬁmmmfaummmL%ﬂmmmmmLﬂaﬂuuﬂm‘lq’i e

. ; Y4 e aue o o
Anmtanansenuddiasainninidasundasin Fanlisudsfindrnnudsalaauldnaas

g [ i . o’ 1] 1
a7 psANELDeuRl SN (Cathay Capital Co., Lid.) Wl amansiamise

aadlatin, @awas uazlnfindelduansldlu Table 4.1

Table 4.1 Cost per unit of steam, fuel and electricity.

Variables Price Unit
1. Steam Price 200 Baht/ton
2. Fuel Cost 200 Baht / fon
(variable depending on supply)
3. Electricity Tariff
® Capacity Charge Baht / kW , Month
Capacity Charge to EGAT 302
Capacity Charge to Asia Plywood 195.3
Capacity Charge to Asia Plywood 217 (Including VAT)
®  Fpergy Charge Baht/ kwh
Energy Charge to EGAT 0.85
Energy Charge to Asia Plywood 1
Energy Charge to Asia Plywood 1.10 {Including VAT)
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L4 2r 1
andayariaisemitaatlein, Weawde uaclfanuanslly Table 4.1 wudisadsle
. k4 a o } ; 4 Y 1 a Al
wisrendamddilantanzeuadldinniign wsiuegiuilBuinu@ew@aAidnm i (s
- g oad a4 X .
Tfenawns) TeaifBunnadeamdsfimasieainisanu Asia Plywood Co., Lid. HRIUAUAARAY
mifasdiasdnnunaadaindnusunlndiendsay  aminlifasdasldane lunisauds
&\l 43 dll <@ 8 g =y 1 ] = i é‘ 5 [ %4 :.It = 1 1 2!" o 1 1
Hnu Feasilisuyusaidamdiamieiisudua friEdedimansedamawiamie
dhsudsudniiinnisAnmtesansenumwdnusssganans
st lsBngoniiafignsnsanaauadldpaannar A anudasnisBinaleinlulaen
. el o ) o o Py ¥
(steam consumption) Taeldiinsdmadayaifaniuatusssmsfiunaletianalssn Asia
e | = R . :%
Plywood Co., Ltd. Tnenidmiffnsmisdranssu (IVO Power Engineering Lid.) Sausnaaldly
Table 4.2 wudaarsasnisfunndaunlulssnugeaaisnmaiu 32 vh uazluszazinan 1 1
dnrauzacnseamaBunulediulssnussgouiieeniiy 2 gantaneude Geduediy
nupsudasnisaadud lulsnmizedngiu Taglullnile) ssazusdaulundazggnia
b4
nsti@n uazArfatlsznaunisldlailulsanu (steam factor) lundazggnisniss@n anaazli
FY
wianuild drwFumanisAnnaunadaursldddiatisnaumsidlainlulsanuaastaausnans
§gRIRANINER (10 \Aau) WRZENNAITRIGYNIRNTHRR (2 WAL WAL 0.90 way 0.35 ANl
L o’ ’5’ ! n=l $A g =y =
afiu (Fasznaunislflevnmnanduadesanisldteninaenggnianisedn Inafssesioan
o <5 ] = = o a‘ i 4 1 2] <
sauimeniuifazggniantssaruniuimedon) wasdrsnsouanalddnelunisuinuas

serldanelsading aanitluiadaldael

Table 4.2 Average annual variation of steam consumption at Asia Plywood Co., Lid.

Season of Working times  Average steam consumption Percentage of steam
Production (month) _ {t/h) consumption
Season 1 Month 1-10 26.6-32.0 80— 100%
Season 2 Month 11-12 9.6-12.8 30 - 40%

* Maximum steam consumption = 32 t/h
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4.3 aldanslunisuansaslrednsudnndsnusiuacuiauuas i lngdona

L] t Bt =, [ Y4 . o 3 ar 13 i 8
neauniAt e lunienaneedlsadng (production cost) arildtuansdeiumuai
snwnzsmdshlfiasaunaindanisudnveslsedns AMMFUNISLIUNTITNTHARANAI I
¥ s o t:J o 1 3 =y d
ponsifan (lewn) uazwdsevilulsedne Anasdne aildndanelunisudndetsznay
fan 3 dowlnnife AnldiaduTemas (fuet cost) mldanalunistaudissiu (fixed charges
capital cost) usrAldaraluninlfieuuasdesinginmiaiasing  (operation and
1 2 i
maintenance cost) augastily Figure 4.1 TaefArlddremedudem@nsiidtuadsy
1 ] 1 a o = A ar o [ 1 i 1
FIANABENUIE T UTAUNRIRZANHUTANTIAULATDITR41793 N Y dwuan Idane lunnsea
& =5 = ¢ é’ & & 4"{’ = 2 1 e =§ ] 8 4
drszhAvasiaauetiudnmeeniisBuiuasszasioailunisdeaudnesin - douarlddnalunns

AuesauazigeinsarasdnmaslsdulnonsaiuRuaaueadlsedng

Fuel Cost

Fixed Charges Capital Cost

Operation and Maintenance Cost

Figure 4.1 Production cost of cogeneration power plant.
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4.4 Aldemetneddamaa

g - H ar a1 Y - o ¥ { lhl

FomAsnlflulndne  audlud@emdendusimaniides, waen, Awitaawldanls
genasfimaaiennszuuneanlulsasu Asia Plywood Co., Ltd. Tnafignaurifuazdau
isznavrasiem@eldlulzednsuandddlu Table 4.3 (IVO Power Engineering Ltd., 1997)
grwFuAianFeuidawm@a (lower heating value of fuel, LHV) flFluntzAiuae axldimnu
" =1 a d & . & Py & a i e
TRUTANDIDINAINAIINTY 46 % (wet basis) TIUAIAMUTAUIDUNTRINRUNINY 7.8 MJlkg
d!' & Hy o [ d‘l’ sgﬂl < dl d? ay 2 g d? ]
tiasnlssdnsiifanisualunisfumadamasnineu TRnRRTiadlfANTueg
FEUIN 30-50% Wit walsunsunisAatuaniaz@ i solasuAtma uramEaInie Ly

ANABLNAT

Table 4.3 Details of fuel quality. {(rubber wood chunk and branches)

min value maxvalue design value

Heating value (in dry base, 0% moisture) 17 18.5 17.5 MJ/kg
Total moisture (as received, in wet base) 30 50 46 %
Heating value in receiving state 7.8 12.0 7.8 MJ/kg
Ash (in dry base) 0.5 2.0 2.0 %
Total carbon (in dry base) A7 51 49 %
Hydrogen (in dry base) 5.0 7.0 5.8 %
Nitrogen (in dry base) 0.1 0.3 0.2 %
Sulphur (in dry base) 0.0 . 0.1 0.05 %
Chiorine (in dry base CHECK) ' 0.00 0.02 0.01 %
KO in ash 21 23 22 %
Na,O in ash : 1.5 1.7 1.6 %

Size distribution

Maximum length x width x thickness 1500 x 300 x 100 mm
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45 aldansmeilunisiandassfin

Anldaselllunnsdaudsziu (annual fixed charges capitat cost, FX) fluanldqnef
[ o = pel o P ' d' =y o % )
AasdpudeiisrAuanmefiinuanunsdsFunuine Sesiifannaatugisenaunislunig
1 ] < d' ' ar T = 4
Haudrszauhunnsiuludazlasanis Insdnidannassimmnnlugassscazioanlunns

k'

HaudasrAunasdnsneniisGuiranunasdugusingg

dwivdeyalidalunsiaudiscinosddsdngy Adnwwanslily Table 4.4 (vo

1 @

Power Engineering Ltd., 1997) Sefliduamusonaasiasimslredng sanfuludsdu 1,041.6
anum winihRuamusaafilsznaunis (equity) 260.40 At BuyuiBinansaaissng
(foreign loan) 620.91 &uum was@upuftiuntslutlssing (Thai commerciat foan) 160,29
& = t ] Ll ] =) l ar .é" L 2 ]
dun Taniszazinanlunisdeudesiuiheoa 12 1 uasfidnsnenitiaiudainunaiu

nunelsane 15% setl uarainunasRuyusinedsang 8.5% il

Table 4.4 Financial assumptions for cogeneration project.

Financing Percentage of Total Financing
(Million Thai Baht) (%)
Equity 260.40 25.00
Foreign loan 620.91 59,61
Thai commercial loan 160.29 15.39
Total investment 1,041.6 | 100.00
Loan maturity 12 years including 2 year grace period (construction)
Annual interest Foreign 8.5%, Thai Comimercial 15.0%
Up front fee Foreign 4.0% , Commitment fee 0% ,

Thai Commercial 1.5% , Commitment fee 0.5%
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e FX = Alfdemalifunisdaudissiv, S
. LY ] 1 2
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4.6 Aldanemetilunis@uiaraasdantnganATaLane

ﬁqicﬁ’faiwmﬂﬂiunmauLﬂ?:mLmz@ﬁauﬁﬂﬁ;\ié’nmLﬂ‘é@ﬁn?mmtiﬁm% (annual operation
and maintenance cost, OM) @:ﬂg}jﬁu‘%uﬁuﬁnﬂmmmxﬁﬂﬁqmwﬁmﬂqfﬁﬁnﬁ Falnenln@en
I%ﬁfmmﬂﬂlumﬂﬁum?imLm::fﬁﬂuﬁ'm;aLﬂ?ﬂﬁns@:ﬁmﬁszmm 2-3% mﬂ\sﬁuﬁmmﬁmﬁu
(Multari, 1920)

éﬂu%’um’l”ﬁéﬂﬂmaﬂium?lﬁum?;mLLﬁzSﬁauﬂﬁ'ﬁﬁ*nmLﬂ?':fmé'nﬂm‘iﬁ‘ﬁnﬁ s
\Rv AnEmeidanass (IVO Intemational Ltd.) iliiisasinanalilumsdiunbeuss
ﬂ@uﬂqg@%’nﬁﬂtﬂ%ﬁmﬁquﬁma‘l?ﬂu Table 4.5 titepmasmantiumedmuanazidddiiaids
paaiaa ECASEAN COGEN PROGRAMME lissmnnunlisnamaiilunsdusios
LLﬁ:ﬁiﬂuﬁﬂﬁ;ﬁnMLm‘é@ﬁn? TnellFsandnussamiuasAnlsziuiadandeaziinnlszanns 3.26%

o 5 g
saadunayilassiuredisedng

Table 4.5 Details of operation and maintenance cost.

Insurance 0.4-0.5 % per year of total investment cost

Salaries & Spare parts

-personnel 1.8 — 2 % per year of total investment cost
-maintenance 0.8 — 1 % per year of {otal investment cost
*spares

*autside controls
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@ i 1 ~ ¢ LA o d os n‘
anrndauanAidaesaiilunnmueTesazdasingeineiasasfifdansi (4.5)
OM = Annual Operation and Maintenance Cost = 0.0326 x total investment cost (4.5}

d 1 ! L) d L] A o )
ite OM = AnldansseTiunaiuriewssdeinguarasdng, dum

total investment cost = Ruaauaaalsadng,, Fuum
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47 srefiduasisednsnaandanudonannnFaunaindnlnadoues

nsAtnse lseedlsedng (income) zﬁﬁhumnsi'nﬁ’u%u@gt;ﬁ’ué’nﬁmzéﬂtwaaﬁiﬂ’if
Lasnafadanisnangaslsedns dwiulndngy Mnnsane meldaesinednm axlszney
Fon 2 dovise swldannnnaralan (steam sate) WRLTRwM Asia Plywood Co., Ltd. Ha%
sreildrannasenelviia (electricity sale) Tneisneldnannassneiifazuiseandly 2 dou As
gqerinfn 1 ulsenu Asia Plywood Co., Ltd. wasnagladdnendn (EGAT) Femetdannnns
gt ifnazuamifuseldaanniseaiigalvfin  (capacity charge) uwazsaldannnisons
W& (energy charge) fauanslilu Figure 4.2 SegnunsauiansAnuanseldaas

i
Tsednsy aaniluiedaldceil

Piywood Factory

Steam Sale

Electricity Sale

Figure 4.2 Source of income of cogeneration power plant.
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4.8 selsannisaelein1ilsesu Asia Plywood Co., Ltd.
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Figure 4.3 Annual fuel cost for partial load operation at electricity output 20 MWe,

fuel cost per unit = 200 Baht/ton and steam factor of season 2 = (.35
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Figure 4.4 Annual fuel cost for partial load operation at é!ectricity output 20 Mwe,

fuel cost per unit = 200 Baht/ton and steam factor of season 1 = 0.90
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Table 4.7 Annual fuel cost for partial load and base toad operation at duration of season 1:

season 2 = 10:2 and SF, =0.90, SF,=0.35

Annual fuel cost (Million-Baht)

Fuel cost per unit Partial load operation Pariial load operation Base load operation
{Bahtfton) Oufput 20 MWe Output 24 MWe Output 18 MWe
150 51.36 ' * 49,20
176 59.92 * 57.40
200 £8.48 * 65.60
225 77.04 * 73.80
250 85.60 * 82.00

* not operable beyond steam boiler capacity.
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Figure 4.5 Annual steam sale to Asia Plywood Co., Ltd. at steam factor of season 2 = 0.35

and steam price per unit = 200 Baht/ton
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Figure 4.6 Annual steam sale to Asia Piywood Co., Lid. at steam factor of season 1 = 0.90

and steam price per unit = 200 Baht/ton
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Table 4.8 Annual electricity cost sale to Asia Plywood Co., Ltd.

Load factor Average electricity Electricity energy Capacity charge Energy charge
{Mwe) {GWh) {Million-Baht) {Million-Baht)
0.2 0.4 3.36 1.042 3.73
0.4 0.8 6.72 2.08 7.46
0.6 1.2 10.08 3.13 11.19
0.8 1.6 13.44 417 14.92
1.0 2 16.80 5.21 18.65
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4.11.6 wanemuanesglfarnnismeaiadeiifn i unasivfadhanan
sglfannismaidwfialdiunisinfindrendn fa:%u@gjﬁué’ﬂwm:‘tﬁmnqsLamﬂ?:m
gaelsednsy uasAdarlssnauntsldidslnfiatulsesny Asia Pywood Co., Ltd. Sednagu
feamatrddlnifiadngaiidennmnsnmeliiunsifivhendned? 15 Mwe uasiiFngun
hitfin 19 £ 2% Mwe Fufuienanassmanlunsiunnddiiadelninniefiona 19
mﬁ"lﬂﬁ')d'mmﬁm%ﬁquﬁuﬂﬁgé’nﬂmz‘mumn’mﬁmﬂ%a‘nmbﬁnﬁ WA GBI IR
i hilaednuameannan  falifdelvifinfetdnisiiiivhaninasdoenan
fndeliinfivdenntianudon  Auhdldduanmnindelrifindiue funasliindendn
dmFunnduedastadne wuuliaseiuandldlu Table 4.9) wazlduanemeldannms
grefnda Wi iiunsiniadhendnldlu Table 4.10 dwSumsduasesladnge woulnag
fine TneauyRdnluszozionn 1 T enansomeiddinilé 12 Geu uesiddoyamae

nds HrsembeldTunas vt eu@mnviniy 302 Baht/kW, month

Table 4.9 Average electricity capacity sale to EGAT

Average eleclricity capacity sold to EGAT (MWe)

Load factor  Full load operation  Partial load operation  Partial load operation  Base load operation

Max output Output 20 Mwe Output 24 MWe Output 19 MWe

0.2 17.6 16.6
0.4 17.2 16.2
06 16.8 15.8
0.8 2 35¢ 16.4 15.4
1.0 10,365/ 21.956 16 15

[V N =

=y =3 1 A 9 () g ar  af %’ :
Aonsiluasersiiasiarsanacugivmismsndnseunsasindinlminasdaiulaunged

@ o & d.

L j 4 1 b =y
Inian 81.9 MW uat 24 MWe mmddu deysfiusaeiilunsdinldaunsasniiunigls

¢ b
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Mwe) arlignansasiiiunsld  masfvisdininresieatauialenn  Weawmainuans
auanily Table 4.9 @zlﬁ’ﬂ"}m”qﬂs:nfaun'}?‘L‘ﬂaﬁ'}mﬂ\ﬁmmiuﬁaqmnLtﬂzﬁqmﬁ’waeq@mﬁ
psHARYINAD 0.90 UaE 0.35 Audad (AaudesnnstRunnuanferlulsanumingy 19.42
MW Was 7.55 MW s SnBunanisidlannieasludeasangnn asinlimaaingig
ranlgasifuindedninfihgugareddndnife 24 Mwe &wfunsiduaisdsedne w
Touafl 1 Ltﬂﬂa’fwﬁaaqumm%‘@ﬂum‘f’;mﬁ’uﬁm‘lﬂﬁﬂLﬁuﬁﬂé’qmmﬁmnggm dmiunathin
wiaslnedng wunluuadl 2 Fistidanisnaniifihredseinsvinf 24 MWe Saudng
meiavi@aalili Table 3.4 Auiudmiunnaiuriealsaing wa 2 TnumiaghhinnAndiuon

wsgtdannnasaaings i gt unas iAo eds

Table 4.10 Annual electricity income {capacity charge) from EGAT.

Income from EGAT electricity capacity charge (Million-Baht)

Load factor  Full load operation  Partial load operation  Partial load operation  Base load operation

Max ouiput Output 20 Mwe Output 24 MWe Output 19 MWe
0.2 * 63.78 o 60.16
0.4 * 62.33 ** 58.71
0.6 * 60.88 ** 57.26
0.8 * 59.43 ** 55.81
1.0 * 57.98 * 54.36

* not operable beyond steam turbine capacity (24 MWe)

** not operable beyond steam boiler capacity (81.9 MW)
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anuantsAandu Table 4.9 nudnlnunaeanindulseing Weflszneunisd
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4117 nannsamuaasaldgaanonsansnsasnuivinidgiunisldfindenan

wa g fugiuniunanisfuraimaifannnisaendsnuivildiums i dranan
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avauagiuinunsinuansiiuezaseslseing uazaArmlssnaunisldnndelnfnrealaeny
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Asia Plywood Co., Ltd. Tagananufiaanisindelifiingandaanansamalsiunasitiide
~ |£~J o4 :} ar = t ot
nanath 15 Mwe uasndanu i iealinunasiWiadsndrasdiassamendmaanulniia
d‘ =5 173 ar ::l =2 0 ] s 74 4 ot
Awaaannlsssnidas galuadFAuaimAmsanulifiuazsgldaannasaaldiunig
Iifindhanandmiunsduasaslndnsy wnilwaasiag waneldly Table 4.11 uaz 4.12
Q [-74 _y F!’ ar ﬂil A ‘i‘ 1 [ at £ &«
drdunnnesaatredne wuuluued 1 wastuue®l 2 @endanisnantvfinaasladns
Wiy 24 Mwe) azlilganmsadnmanagldsetlatnnnseindaldfinld dudeaduiy
manaluidefiuds dwsunsduaiedledne wnluiesiny avsuyidscamog 1 1
anansarremase Wi ldiunaslifhandnduean 8,400 dalus wazlifeyasanens

wasu il runs il ar@nrenianiviniu 0.85 BahtvkwWh

Table 4.11 Average electricity energy sale to EGAT.

Average electricity energy sold to EGAT (GWh)

Load factor  Full load operation Partial load operation  Partial load operation  Base load operalion

Max oufput Output 20 MWe Quiput 24 MWe Output 19 MWe
0.2 46.7 147.84 : 139.44
0.4 144.48 136.08
0.6 141.12 132.72
0.8 2 137.76 129.36
1.0 135.56 / 3 74 134.40 126.00
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Table 4.12 Annual electricity income (energy charge) from EGAT

income from EGAT electricity energy charge (Million-Baht)

Load factor  Full load operation  Parlial load operation  Parfial load operation  Base load operation

Max output Output 20 Mwe Output 24 MWe Output 19 MWe
0.2 * 125.66 > A 118.52
04 * 122.81 = 115.67
0.6 * 119.95 > 112.81
0.8 * 117.10 “ 109.96
1.0 * 114.24 ** 107.10

* not operable beyond steam turbine capacity (24 Mwe)
** not operable beyond steam boiler capacity (81.9 Mw)

annuan1sAuanili Table 4.1 wudmnluuaresnadiulsdng dladflsenoumsld
Adalrinhilnandlandia Azl sdlifiniana Wsuns idandngidianas
desnanmifleriilsneunslmadliintitamiiunnin. astiliinaeinindvie
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4.12 9RNIHARDULNY
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Annual Profit = Gross Income — Q&M Cost - Fuel Cost

123 4 L 10 11112 13 14 19 20

w7

Project Capital Cost = 1,041.6 Million-Baht

Y
(a)
Annual Profit = Gross Income — Q&M Cost — Annual Profit = Gross Income — O&M Cost —
Fuel Cost - Fixed Charge Cost Fuel Cost
Y.
1 2 3 4 110 111213 14 19%120
Equity Capital Investment = 280.4 Million-Baht

Figure 4.7 Annual cash flow diagram for cogeneration project (a) and equity (b)
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4.12.2 MMFIATZHSATIHRRDLLNY
e EnsHaneuunuIaelasane  (IRRp,)  WATARIIHANISAALILYISY
fusznaunas (IRRq,,) dvsunsiuesedlsadng wiluamsine Fesnihufmaseld
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annstlandnssiu umlinailsludes 10 Tusniidtieandaaslshugas 10 Tuds ey
ANNTAMIANERTINARDLIUNLTE Q’ﬂszn@ums’lﬁ’mnﬂum?ﬁ (4.17)

Project Capital Cost =1,041.6 = [G-(OM+FC)] {p/a, .i%, L) (4.16)
Equity Capital Investment = 260.4 = [G-(OM+FX+FC}] (pfa, i%, 10} +

(G-(OM+FC)] (pfa, 1%, L-10) (p/f, i%, L-10) (4.17)

dla 6 = Annual gross income = serldreTlvaddssdnanBnndasusou
OM = Annual operation & maintenance cost = Anlanemeiilunndurtasasing
Snuueesing
FX = Annual fixed charge capital cost = F‘i’ﬂ‘?ﬁ‘]ﬂi"\ﬂﬁlﬂﬂ’i?ﬁiﬂuﬁ?’lﬁﬁu
FC = Annual fuel cost = Aldanasatidudama
i = internal rate of return, IRR = ARTIUARDUUNU

L = economic life = angnisifarusaslsednsn@nndsauson (@unRidaiiAt 20 1)

1+| L —1 - oo ped A A Y
(pfa, 1%, L) = (—)—L = winmefAulaawanAfuaethiuaGuluilaqiu

i)

1 fl:‘l ‘J J £ = Ls
(pff 1%, L) = — o wiamaiiulasuannd@ulusewamiiutuluilagiu
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Table 4.13 Sensitivity analysis on internal rate of return for cogeneration project (IRRg . and equity (IRRgg )

at different fuel cost per unit for full load operation. (mode1)

Fuel cost per unit

Average steam demand

(Baht/ton) (MW)
16.53 20 25 30
150 17.14 7/ 26.85* 17.18/26.99 17.26/27.20 17.33/27.42
175 16.08/23.92 16.13/724.05 16.21/24.25 16.28 /24.48
200 15.01721.11 15.06/21.24 15.14/21.43 15.21721.83
225 13.93/18.44 13.98/718.56 14.05/18.75 14,13/18.93
250 12.82/15.88 12.87 /16.00 12.895/16.18 13.03/16.36

* o= (IRRiject) / (IRREquhy)

Shading area is not operable beyond steam turbine capacity. -

irl



Table 4.14 Sensitivity analysis on internal rate of return for cogeneration project (IR, and equity (IRRequ

at different fuel cost per unit for partial load cperation at electricity output = 20 MWe (mede?)

Fuel cost per unit Average steam demand

(Baht/ton) (MwW)
0 10 15 20 25 30
150 9.54/9.22* 11.92/13.83 13.06 / 16.43 14.18/19.06 1529/ 21.81 18.37/24.70
175 8.65/7.62 10.82/12.03 12.12/14.35 13.21/18.78 14,29 /19.31 15.35/21.97
200 7.75/8.04 10.05/10.19 11156/ 12.35 12.22 /1459 13.26/16.92 14.31/19.36
225 6.82/4.48 9.08/8.3¢9 10.16/10.41 11.22/12.48 12.24 /14.63 13.25/16.86
250 5.85/2.93 8.09/6.63 9.15/8.52 10.18/10.45 11.18/12.43 1217 /14.48
“ = (IRRyeed / (1RRegusy)

474



Table 4.15 Sensttivity analysis on internal rate of return for cogeneration project (IRR

Project

at different fuel cost per unit for partial load operation at electricity output = 21 MWe (mode?2)

) and equity (IRR

Equity)

Fue! cost per unit

Average steam demand

(Baht/ton) (MW)
0 10 15 20 25 30
156 . 10.57 / 11.19* 12.89/16.06 14.02/18.66 15.12/21.32 18.21/24.27 17.28/27.27
175 9.67 /9.46 11.95/14.00 13.05/16.40 14.13/718.92 15.19/21.56 16.23/24.33
200 8.74/7.77 10.98/12.01 1206/ 14.24 13.12/16.56 14.15/18.28 1617 721.51
225 . 7.79/6.12 10.00 /10.08 11.05712.15 12.08/14.29 13.02/16.51 14.09/18.82
250 6.82/4.48 8.99/8.21 10.02/10.13 11.03/712.11 12.02/14.15 12.92/16.26

Y= (lRRProj'ect} / (IRREquity)

evl



Table 4.16 Sensitivity analysis on internal rate of return for cogeneration project (IRR

Project

at different fuel cost per unit for partial load operation at electricity output = 22 MWe (mode?2)

) and equity (IRRgy;)

Fuel cost per unit

Average steam demand

(Baht/ton) (MW)
0 10 15 20 25 2567
150 | 11.57 /13.21* 13.85/18.27 14.96 /20.98 16.05/23.83 17.12726.82 1727 127.23
175 10.65/11.35 12.88/16.03 13.97 /18.53 15.03/21.15 16.08 /23.90 16.21/24.28
200 9.71/9.54 11.90/13.88 12.95/16.19 13.99/18.60 15.01 /21,11 16.16/21.48
225 B74/7.77 10.89/11.82 11.92/13.85 12.84718.15 13.93/18.45 14.06/18.77
250 7.75/6.04 8.86/9.82 10.87 /11.79 11.86/13.82 12.83/715.92 12.96/ 16.21

* = (lRRPro]eCt) / (IRREquily)

Shading area is not operable beyond steam boiler capacity.

Pyl



Table 4.17 Sensitivity analysis on internai rate of return for cogeneration project (IRR

srojecy) N equity (IRR

at different fuel cost per unit for partial load operation at electricity output = 23 Mwe (mode2)

Equlty)

Fuel cost per unit

Average steam demand

(Baht/ton) (MW)
0 10 15 20 21.09
150 - 12.56 / 15.31* 14,80 / 20.57 15.89/23.40 16.97 / 26.37 17.20/27.03
175 11.61/13.29 13.80/18.15 14.87/20.75 15.92 /23.48 16.15/24.09
200 10.65/11.34 12.79/15.83 13.83/718.22 14.86/20.72 16.08/21.28
225 | 89.66/9.45 11.76/13.87 12.78/15.80 13.78/18.09 13.99/18.80
250 8.65/7.61 10.71/711.47 11.70/13.49 12.88/15.58 12.82/16.04

" = (IR e / (IRR

Equily)

Shading area is not operable beyond steam boiler capacity.

Syl



Table 4.18 Sensitivity analysis on internal rate of return for cogeneration project (IRR; ..} and equity (IRRg,.)

at different fuel cost per unit for partial load operation at electricity output = 24 MWe (mode2)

Fuel cost per unit Average steam demand

(Baht/ton) (MW)
0 10 15 16.53
150 13.52/17.48* 15.73 /22.97 16.81/25.92 17.14 1 26.85
178 12.55/15.30 14.71/20.35 15.76 /23.06 16.08 /23.92
200 “11.57 /13.20 13.68/17.85 14,70/ 20.33 15.01/21.11
225 10.56 /11.47 12.62 /1545 13.62/17.72 13.83/18.44
250 9.53/¢.21 11.55/713.16 12.52/15.24 12.82/715.8%

Y= (lRRProject) J{(IRREQUW)

Shading area is not operable beyond steam boiler capacity.

arl



Table 4.19 Sensitivity analysis on internal rate of return for cogeneration project (IRRp ) @nd equity (IRR

at different fuel cost per unit for base load operation at electricity output = 19 MWe {mode3)

EQUity)

Fuel cost per unit

Average steam demand

(Baht/ton) (MW)
0 10 15 20 25 30
150 - 8.48/7.31 10.92/11.89 12.08/14.30 13.23/186.82 14.35/19.48 15.45/22.23
175 7.61/5.81 1G.02/10.14 11.16 /12,38 12.28 /14.71 13.38/17.15 14.45/19.70
200 6.73/4.33 9.10/8.42 10.22 /1 10.52 11.32/12.69 12.39/14.94 13.44/17.28
225 | 5.8172.85 8.156/6.74 9.26/8.70 10.33/10.73 11.38/12.81 12.40 /14.97
250 4.86/1.370 7.18/5.08 8.26/6.93 9.32/8.82 10.35/10.76 1135714275

* o= (lRRPro]ect) / (IRREQUJW)

¥l
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annsulfaufiaudidnsuanavunuradlassnsuasaefilsenaunisdamiunisian
inalsednavia 3 Tuum W Table 4.13-4.19 wudnnasiiuFiestaednsy nuuinund 1 (full load)
::‘imé'mmmamammummiﬂmma‘uﬂ:mmé’ﬂa‘zn@umnﬁ@m fnaudaenta i
aanufeueslsaenulssunm 16.53-30 MW Wi dmnfidnanadesninBrnamaanion
gadlsaniitiannda 16.53 Mw azlilnnsaiueiadtd Wasnaginliifudasainresion;
latin dwsunisFuessdsedney wunlnisi 2 (partial load) fifndannsnaniniiedlsedng
Wil 20 uaz 21 MWe avg@nunsanasguaaiuatmudasnsBunnpouiausalaaenls
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Table A. 1 Mass flow rate of extracted steam mjs, my, and ms at varied steam demand for
full load operation (mode 1)

Steam demand | 11, ny ns Electricity output | Cogeneration efficiency
(MW) (t/h) (t/h) (t/h} (MWe) (%)
15 11.356 | 78.467 25.831 43.750
16 10.105 | 78.719 25.749 43.650
17 8.853 | 78.971 25.668 43.551
18 7.601 | 79.223 25.586 43451
10.0 19 6.349 | 79475 25.505 43.351
20 5.097 | 79.726 25.423 43.252
21 3.845 | 79.978 25.342 43,152
22 2.594 | 80.230 25.260 43.053
23 1.342 | 80.482 25.179 42.953
30 10.300 | 64.524 23.552 53.666
31 9.048 | 64.776 23.471 53.566
32 7.796 | 65.027 23.389 53.467
33 6.544 | 65.279 23.308 53.367
20.4 34 5.293 | 65.531 23.226 53.268
35 4,041 | 65.783 23.146 53.168
36 2.789 | 66.035 23.063 53.068
37 1.537 | 66.287 22,981 52.969
40 9.368 | 55.455 22.047 60.130
4] §.116 | 55.707 21.965 60.031
42 6.865 | 55.959 21.884 59.931
27.2 43 5.613 | 56.211 21.802 59.832
44 4361 | 56.463 21.721 59.734
45 3.109 | 56.715 21.639 59.632
46 1.857 | 56.966 21.557 59.533
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Table A. 2 Mass flow rate of extracted steam ms, specific enthalpy (ho), temperature (Tg)
at varied steam demand for full load operation (mode 1)

Steam demand ms Specific enthalpy, hy Temperature, Tg
(MW) (th) (kJ/kg) (°C)

15 465.179 110.9
16 438.522 104.6
17 411.259 98.2
18 383.369 91.6

10.0 19 354.831 84.8
20 325.621 77.8
21 295.716 70.6
22 265.090 63.4
23 233.716 55.8
30 489.807 116.7
31 458.079 109.2
32 425.482 101.5
33 391.979 93.6

20.4 34 357.533 854
35 322,103 77.0
36 285,645 68.4
37 248.115 59.3
40 505.157 120.3
41 468.711 111.8
42 431.109 102.9

27.2 43 392,293 93.6
44 352,205 84.2
45 310.781 74.2
46 267.952 64.1

Table A. 3 The optimum value of mass flow rate mj , m4, ms, electricity output,
cogeneration efficiency at varied steam demand base on TTD value

(T4 Ty) = 10°C for full joad operation (mode 1)

Steam demand | m3 ms s Electricity output | Cogeneration efficiency
(MW) (t/h) (t/h) (t/h) (MWe) (%)
10 20.024 | 5.067 | 79.733 25.421 43.249
15 27.187 | 4.620 | 73.017 24.330 48.022
20 34349 | 4.174 | 66.301 23.238 52.794
25 41.511 | 3.728 | 59.585 22.147 57.566
30 48.674 | 3.281 | 52.869 21.055 62.338
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Table A. 4 Mass flow rate of extracted steam my;, boiler thermal load (Qg) and
cogneration efficiency at varied steam demand and
electricity output = 20 MWe for partial load operation (mode 2)

Steam demand ms Boiler thermal load, Qg Cogeneration efficiency
(MW) (t/h) MW) (%)

15 64.906 46221

16 65.144 46.052

17 65.382 45.884

18 65.619 45.718

10.0 19 65.857 45.553
20 66.095 45.389

21 66.333 45227

22 66.570 45.065

30 71.548 56.465

31 71.786 56.278

32 72.024 56.093

.33 72.262 55.908

204 34 72.499 55.725
35 72.737 55.543

36 72975 55.362

37 73.212 55.182

40 75.937 62.157

41 76.175 61.963

42 76.412 61.770

27.2 43 76.650 61.578
44 76.888 61.388

45 77.126 61.199

46 77.363 61.011
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Table A. 5 Mass flow rate of extracted steam ms, boiler thermal load (Qg) and
cogneration efficiency at varied steam demand and
electricity output = 24 MWe for partial load operation (mode 2)

Steam demand ms Boiler thermal load, Qg Cogeneration efficiency
(MW) (t/h) MW) (%)

15 76.566 44,406
16 76.804 44,269
17 77.044 44.132 ]
18 77.279 43.996

10.0 19 77.517 43,862
20 77.755 43,727
21 77.992 43.594
22 78.230 43.462
30 83.208 53.36
31 83.446 53.208
32 83.683 53.057
33 83.921 52.907

20.4 34 84,159 52.757
35 84.397 52.609
36 84.634 52.609
37 34.872 52.461
40 87.597 58.450
41 87.834 58.292
42 88.072 58.134

27.2 43 88.310 57.978
44 88.547 57.822
45 88.785 57.667
46 89.023 57.513




Table A. 6 The optimum value of boiler thermal load (Qg) and cogneration efficiency
at varied steam demand base on TTD value (T-Tg) = 10°C
for partial load operation (mode 2)

Electricity output

Steam demand

Boiler thermal load, Qg

Cogeneration efficiency

(MWe) (MW) (MW) (%)
0 59.364 33.690
10 65.835 45.569
15 69.070 50.673
20 20 72.305 55.321
25 75.540 59.571
30 78.775 63.472
0 71.220 33.698
10 77.691 43.763
15 80.926 48.192
24 20 84.161 52.281
25 87.396 56.067
30 90.631 59.582

Table A. 7 The optimum value of boiler thermal load (Qp) and cogneration efficiency
at varied steam demand base on TTD value (T4-To) = 10°C
for base load operation (mode 3)

Electricity output | Steam demand Boiler thermal load, Qg Cogeneration efficiency
(MWe) (MW) (MW) (%)
0 56.401 33.688
10 62.871 46.126
15 66.106 51.433
19 20 69.341 56.244
25 72.576 60.626
30 75.812 64.634
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Table A. 8 Annual fuel cost for partial load operation at electricity output =20 MWe,
fuel cost per unit = 200 Baht/ton and steam factor of season 2 =0.35

Duration of season 1

(month)
"6 65.176% 65.317 65.656 65.995 66.332 66.671
7 65.660 65.825 66.219 66.615 67.009 67.403
8 66.144 66.332 66.783 67.236 67.685 68.136
9 66.628 66.840 67.347 67.856 68.362 68.869
10 67.112 67.347 67.911 68.476 69.038 69.602
i1 67.596 67.854 68.475 69.096 69.715 70,335
12 68.080 68.362 69.038 69.717 70.391 71.068

* Annual fuel cost in Million-Baht

Table A. 9 Annual fuel cost for partial load operation at electricity output =20 MWe,
fuel cost per unit = 200 Baht/ton and steam factor of season 1 = 0.90

Duration of season 1 {20
(m'o'n;tli)
6 65318 65.657 65.995
7 66.052 66.334 66.615
8 66.785 67.010 67.236
9 67.518 67.687 67.856
10 68.251 68.364 68.476
11 68.984 69.040 69.097
12 69.717 69.717 69.717

* Apnual fuel cost in Million-Baht
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Table A. 10 Annual steam sale to Asia Plywood Co., Ltd. at steam factor of season 2
= 0.35 and steam price per unit = 200 Baht/ton

Duration of season 1 |

(inonth)
-6 912
7 31.360 32.928 34.496 36.064 37.632 39.200
8 33.152 34.944 36.736 38.528 40.320 42,112
9 34.944 36.960 38.976 40.992 43.008 45.024
10 36,736 38.976 41.216 43.456 45.696 47.936
11 38.528 40.992 43.456 45.920 48.384 50.848
12 40.320 43.008 45.696 48.384 51.072 53.76

* Annual steam sale in Miliion-Baht

Table A. 11 Annual steam sale to Asia Plywood Co., Ltd. at steam factor of season 1
= (.90 and steam price per unit = 200 Baht/ton

Duration of season 1

(month)

6

7 33.824
8 36.736
9 39.648
10 42.560
11 45.472
12 48.384

34.944
37.632
40.320
43.008
45.696
48.384

37.184
39.424
41.664
43.904
46.144
48.384

*Anmnual steam sale in Million-Baht




Table A. 12 Economic study for full load operation

Fuel Price per Unit | Steam Demand | Elelctricty Outut Steam Sale AP Electricity Sale | EGAT Electricity Sale Fuel Cost Net Profit
(Baht/ton) {MW) ( x10 Baht/year) ( x10° Bahb‘year) ( x10° Baht/year) ( x10 Baht/year) ( x10° Baht/year)
150 16.53 41.189 19.085 219.586
150 20 49.835 19.085 211.383
150 25 62.294 19.085 169.640
150 30 74.753 19.085 187.886

210.586

49.872
211.383 69.458 50.316
199.640 69.458 51.031
187.886 69.458 51.736

21 1:383

40.393

75 22,147 62394 15.085 199.640 75.380 41.109
30 21.055 74753 19.085 137886 79.380 41813

225 16.53 24.000 219 586 30.027
223 20 23.238 48.835 211.383 89.303 30.471
225 25 22.147 62.294 199.640 89.303 31.186
225 30 21.055 74.753 187.886 §9.303 31.891

991



Table A. 12 (continued) Economic study for full load operation

Fuel Price per Unit

Steam Demand

(MW)

Elelctricty Qutut

Steam Sale
( x10° Baht/year)

AP Electricity Sale

EGAT Electricity Sale

{ x10 Baht/year)

Fuel Cost

Net Profit

( xlO Bahtfyear)

( x10° Baht/year)

( xlO Baht/year)

250 16.53 24.000 41.189 19.085 219.586
250 20 23.238 49.835 19.085 211383
250 25 22,147 62.294 19.085 199.640
230 30 21.055 74.733 16.085 187.886

*Shading area is not opefable beyond steam turbine capacity.

Load factor = 0.8

Steam price per unit = 200 Baht/ton
Capacity charge to EGAT = 302 Baht/kW, month

Energy charge to EGAT = 0.85 BahtkWh

Capacity charge to Asia Plywood Co., Ltd. (AP) = 217 Baht/kW, month
Energy charge to Asia Plywodd Co., Ltd. (AP) = 1.10 Baht’kWh

Annual fixed charges capital cost = 126.57x10° Baht
Annua) operation and maintenance cost = 33.96x10° Baht

19t



Table A. 13 Economic study for partiall load operation at electricity output =20 MWe

Fuel Price per Unit | Steam Demand Qabs Steam Sale AP Electricity Sale | EGAT Electricity Sale Fuel Cost Net Profit
(Baht/ton) (MW) (MW) | (x10° Babtiyear) | (x10° Baht/year) (x10° Baht/year)  |(x10° Baht/year)| ( x10° Baht/year)

150 0 59.364 0.000 19.085 176.530 43.153 -8.069

150 10 65.835 24918 19.085 176.530 47.857 12.145
150 15 69.070 37.376 19.085 176.530 50.209 22.252
150 20 72.305 49.835 19.085. 176.530 52.560 32.359
150 25 75.540 62.294 19.085 176.530 54.912 42467
150 30 78.775 74.753 19.085 176.530 57.263 52.574
175 0 59.364 0.000 19.085 176.530 50.345 -15.261
175 10 65.835 24918 19.085 176.530 55.833 4.169

175 15 69.070 37.376 19.085 176.530 58.577 13.384
175 20 72.305 49.835 19.085 176.530 61.320 23.599
175 25 75.540 62.294 19.085 176.530 64.064 33.315
175 30 78.775 74.753 19.085 176.530 66.807 43.030
200 0 59.364 0.000 19.685 176.530 57.537 -22.453
200 10 65.835 24918 19.085 176.530 63.809 -3.807
200 15 69.070 37.376 19.085 176.530 66.945 5.516

200 20 72.305 49.835 19.085 176.530 70.080 14.839
200 25 75.540 62.294 19.085 176.530 73.216 24.163
200 30 78.775 74.753 19.085 176.530 76.351 33.486
225 0 59.364 0.000 19.085 176.530 64,730 -29.645
225 10 65.835 24.918 19.085 176.530 71.785 -11.783
225 15 69.070 37.376 19.085 176.530 75313 -2.852
225 20 72.305 49.835 19.085 176.530 78.840 6.079

225 25 75.540 62.294 19.085 176.530 82.368 15.011
225 30 78.775 74.753 19.085 176.530 85.895 23.942
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Table A. 13 (continued) Economic study for partiall load operation at electricity output = 20 MWe

4

Fuel Price per Unit | Steam Demand Qabs Steam Sale AP Electricity Sale | EGAT Electricity Sale Fuel Cost Net Profit
(Baht/ton) (MW) (MW) | (x10° Baht/vear) | (x10° Baht/year) ( x10° Baht/year)  |(x10° Baht/year)| ( x10° Baht/vear)

250 0 59.364 0.000 19.085 176.530 71.922 -36.837
250 10 65.835 24.918. 19.085 176.530 79.762 -19.760
250 15 69.070 37.376 19.085 176.530 83.681 -11.220
250 20 72.305 49.835 19.085 176.530 87.600 -2.681

250 25 75.540 62.294 19.085 176.530 91.520 5.859

250 30 78.775 74.753 19.085 176.530 95,439 14,398

. Load factor = 0.8

Steam price per unit = 200 Baht/ton

Capacity charge to EGAT = 302 Baht/k'W, month

Energy charge to EGAT = 0.85 Baht’kWh

Capacity charge to Asia Plywood Co., Ltd. (AP} = 217 Baht/kW, month
Energy charge to Asia Plywodd Co., Ltd. (AP) = 1.10 Baht/kWh
Annual fixed charges capital cost = 126.57x10° Baht

Annual operation and maintenance cost = 33.96x10° Baht
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Table A. 14 Economic study for partiall load operation at electricity output =21 MWe

Fuel Price per Unit | Steam Demand Qabs Steam Sale AP Electricity Sale | EGAT Electricity Sale Fuel Cost Net Profit
(Baht/ton) (MW) (MW) | (x10° Baht/year) | (x10° Baht/year) ( x10° Baht/year)  |(x10° Baht/year)| ( x10° Baht/year)

150 0 62.328 0.000 19.085 187.294 45.308 0.541
150 10 68.799 24.918 19.085 187.294 50.012 20.754
150 15 72.034 37.376 19.085 187.294 52.363 30.862
150 20 75.269 49.835 19.085 187.254 34.715 40.969
150 25 78.504 62.294 15.085 187.294 57.066 51.076
150 30 §1.739 74.753 19.085 187.294 59.418 61.183
175 0 62.328 0.000 19.085 187.294 52.859 -7.011
175 10 68.799 24918 19.085 187.294 58.347 12419
175 15 72.034 37.37¢ 19.085 187.264 61.090 22.134
175 20 75.269 49.835 19.085 187.294 63.834 31.850
175 25 78.504 62.294 19.085 187.294 66.577 41.565
175 30 81.739 74.753 19.085 187.294 69.321 51.280
200 0 62.328 0.000 19.085 187.294 60.410 -14.562
200 10 68.799 24.918 19.085 187.294 66,682 4.084
200 15 72.054 37.376 19.085 187.294 69.818 13.407
200 20 75.269 49.835 19.085 187.294 72.953 22.731
200 25 78.504 62.294 19.085 187.294 76.088 32.054
200 30 81.73% 74.753 19.085 187.294 79,224 41.377
225 0 62.328 0.000 19.085 187.294 67.961 -22.113
225 10 68.799 24.918 19.085 187.294 75.017 4251
225 15 72.034 37.376 16.085 187.294 78.545 4.680
225 20 75.269 49.835 19.085 187.294 82.072 13.611
225 25 78.504 62.294 19.085 187.294 85.600 22.543
225 30 81.739 74.753 19.085 187.294 89.127 31.474
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Table A. 14 (continued) Economic study for partiall load operation at electricity output =21 MWe

Fuel Price per Unit

Steam Demand Qabs Steam Sale AP Electricity Sale | EGAT Electricity Sale Fuel Cost Net Profit
(Baht/ton) (MW) (MW) | (x10° Baht/year) |  (x16° Baht/year) ( x10° Baht/year)  |(x10° Baht/year)| ( x10° Baht/year)

250 0 62.328 0.000 19.085 187.294 75513 -29.664
250 10 68.799 249138 19.085 187.294 83.353 -12.587
250 15 72.034 37.376 19.085 187.294 87.272 ~4.047
250 20 75.269 49.835 19.085 187.294 91.191 4.492

250 25 78.504 62.294 19.085 187.294 95.111 13.032
250 30 81.739 74,753 19.085 187.294 $9.030 21.571

Load factor = 0.8

Steam price per unit = 200 Baht/ton
Capacity charge to EGAT = 302 Baht/’kW, month

Energy charge to EGAT = 0.85 Baht/kWh

Capacity charge to Asia Plywood Co., Ltd. (AP) =217 Baht’kW, month
Energy charge to Asia Plywodd Co., Ltd. (AP) = 1.10 Baht/kWh

Annual fixed charges capital cost = 126.57x10° Baht

Annual operationt and maintenance cost = 33.96x10° Baht
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Table A. 15 Economic study for partiall load operation at electricity output =22 MWe

Fuel Price per Unit | Steam DPemand Qabs Steam Sale AP Electricity Sale | EGAT Electricity Sale Fuel Cost Net Profit
(Baht/ton) (MW) (MW) ( x10° Baht/year)| ( x10° Baht/year) ( x10° Baht/year) ( x10° Baht/year)| ( x10° Baht/year)

150 0 65.292 0.000 19.085 198.058 47462 9.150

150 10 71.763 24.918 19.085 198.058 52.166 29.364

150 15 74.998 37.376 15.085 198.058 54.518 39471

150 20 78.233 49.835 19.085 198.058 56.869 49,578

150 25 81.468 62.294 15.085 198.058 59.221 59.685
25.67 31.9 63.963 19.085 198.058 59.535 61.041

5703 T 219.085: 198.058 N pee 69:79;

175 i 65.292 0.000 19.085 198.058 55.373

175 10 71.763 24918 19.085 198.058 60.861

175 15 74.998 37.376 19.085 198.058 63.604

175 20 78.233 49.835 19.085 198.058 66.348

175 25 81.468 62.294 15.085 198.058 69.091

175 25.67 81.9 63.963 15.085 198.058 69.458

198:058.::5

71.8355

198.058 63.283 .

198.058 £9.555 11.975

198.058 72.690 21.298

198.058 75.826 30.622

. 198.058 78.961 39.945
19.085 198.058 79.38
9:08. 19805 23209
225 0 65.292 0.000 19.085 198.058 71.193
225 10 71.763 24.918 19.085 198.058 78.249
223 15 74.998 37376 19.085 198.058 81.777
225 20 78.233 49.835 19.085 198.058 85.304
225 25 81.468 62.294 19.085 198.058 88.831

223 25.67 81.9 63.963 19.085 198.058 89.3
T 5035 el BT
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Table A. 15 (continued) Economic study for partiall load operation at electricity output =22 MWe

Fuel Price per Unit { Steam Demand Qabs Steam Sale AP Electricity Sale | EGAT Electricity Sale Fuel Cost Net Profit
(Baht/ton) (MW) (MW) | (x10° Baht/year)| (x10° Baht/year) ( x10° Baht/year) | (x10° Baht/vear)| (x10° Baht/year)

250 0 65.292 0.000 16.085 198.058 79.104 -22.491

250 10 71.763 24.918 19.085 198.058 36.944 -5.414

250 15 74.998 37.376 19.085 198.058 90.863 3.126

250 20 78.233 49.835 19.085 198.058 94.782 11.665

250 25 81.468 62.294 19.085 198.058 98.702 20.205

250 25.6 81.9 63.96 15.085 198.058 99.225 21.351
250 0 7 .08 -198:058: 711020620 2872

*Shading area is not operable beyond steamboiler capacity.

Load factor =0.8

Steam price per unit = 200 Baht/ton |
Capacity charge to EGAT = 302 Baht'kW, month

Energy charge to EGAT = 0.85 Baht/kWh

Capacity charge to Asia Plyweood Co., Ltd. (AF) =217 Baht/k'W, month
Energy charge to Asia Plywodd Co., Ltd. (AP) = 1.10 Baht/kWh

Annual fixed charges capital cost = 126.57x10° Baht

Annual operation and maintenance cost = 33.96x106lBaht
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Table A. 16 Economic study for partiall load operation at electricity output =23 MWe

Steam Demand

Fuel Price per Unit Qabs Steam Sale AP Electricity Sale | EGAT Electricity Sale Fuel Cost Net Profit
" (Baht/ton) (MW) (MW) | {x10° Baht/vear)| (x10° Baht/vear) (x10° Baht/year) | (x10° Baht/year)] (x10° Baht/year)
150 0 68.256 0.000 19.085 208.822 49.617 17.760
150 10 74.727 24.918 19.085 208.322 54.321 37.975
150 15 77.962 37376 19.085 208.822 56.672 48.030
150 20 81.197 49,835 19.085 208.822 59.024 53.188
19.085 - 208.822 59.535

5085

208,822

61376

2:208:822:5

HL 632

208.822 57.886 9.490
208.822 63.374 28.920
208.822 66.118 38.635
208.822 68.861 48.350
208.822

1208:822

03822

200 0 208.322
200 10 208.822
200 15 208.322
200 20 208.822

208.822

208.822

208.822

208.822

208.822

181822

08:82,

|72



Table A. 16 (continued) Economic study for partiall load operation at electricity output =23 MWe

Fuel Price per Unit | Steam Demand Qabs Steam Sale AP Electricity Sale | EGAT Electricity Sale Fuel Cost Net Profit
(Baht/ton) (MW) MW) | (x10° Baht/year)| (x10° Baht/year) ( x10° Baht/vear)  |( x10° Baht/vear)| (x10° Baht/year)
250 0 68.256 0.000 19.085 208.822 82.695 -15.318
250 10 74.727 24.918 19.085 208.822 90.535 1.759
250 15 77.962 37.376 19.085 208.822 94.454 10.299
250 20 81.197 49.835 19.085 208.822 98.373 18.833
250 21.09 81.900 52.551 19.085 208.822 99.223 20.703
94 0857 208.82; 02:205
: 08822 106212

*Shading area is not operable beyond steamboiler capacity.

Load factor = 0.8

Steam price per unit = 200 Baht/ton

Capacity charge to EGAT = 302 Baht/kW, month

Energy charge to EGAT = 0.85 Baht/kWh

Capacity charge to Asia Plywood Co., Ltd. (AP) = 217 Baht/kW, month
Energy charge to Asia Plywodd Co., Ltd. (AP} = 1.10 Baht/kWh

Annual fixed charges capital cost = 126.57x10° Baht
Annual operation and maintenance cost = 33.96x10° Baht
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Table A. 17 Economic study for partiall load operation at electricity output =24 MWe

35

Fuel Price per Unit | Steam Demand Qabs Steam Szle AP Electricity Sale { EGAT Electricity Sale Fuel Cost Net Profit
(Baht/ton) (MW) | (x10° Baht/year)| (x10° Baht/year) (x10° Baht/year) | (x10° Baht/year)] (x10°Baht/year)
150 71.220 0.000 19.085 219.586 51.771 26.369
150 77.691 24918 19.085 219.586 56.475 46.583
150 80.926 37.376 19.085 219.586 58.827 56.690
150 81.900 41.189 19.085 219.586 59.535 39.794

882

4

175 . 0 71220 . 0.000 19.085 219.586 60.400 17.740
175 10 77.691 24.918 19.085 219.586 65.888 37.170
175 15 80.926 37.376 19.085 219.586 68.631 46.885
175 16.53 81.900 41.18% ' 19.085 219.586 69.458 49.872

08

08
219.586 69.029 9.112
219.586 75.301 27.757
219.586 78.436 37.081

219.586

58

71.220 . 219.586 77.657 0.483
10 77.691 15.085 219.586 84.713 18.343
19.085 219.586 88.240 27.276

219.586

al1



Table A. 17 (continued) Economic study for partiall load operation at electricity output =24 MWe

Fuel Cost

Fuel Price per Unit | Steam Demand Qabs Steam Sale AP Electricity Sale | EGAT Electricity Sale Net Profit
{Baht/ton) (MW) (MW) (x] 0° Baht/year){ ( x10° Baht/year) { x10° Baht/year) ( x10° Baht/year)| ( x10° Baht/year)
250 0 71.220 0.000 19.085 219.586 86.286 -8.145
250 10 77.691 24918 15.085 219.586 94.126 3.932
250 15 80.926 37.376 19.085 219.586 17.472
250 16.53 81.900 41.189 19.085 219.586 20.104
5507 T B o T BT - D - ——

*Shading area is not operable beyond steamboiler capacity.

Load factor = 0.8 _
Steam price per unit = 200 Baht/ton

Capacity charge to EGAT = 302 Baht/kW, month

Energy charge to EGAT = 0.85 Baht/kWh

Capacity charge to Asia Plywood Co., Ltd. (AP) = 217 Baht/kW, month
Energy charge to Asia Plywodd Co., Ltd. (AP) = 1.10 Baht’kWh

Annual fixed charges capital cost = 126.57x10° Baht

Annual operation and maintenance cost = 33.96x1 0° Baht
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Table A. 18 Economic study for base load operation (electricity output = 19 MWe)

Fuel Cost

Fuel Price per Unit | Steam Demand Qabs Steam Sale AP Electricity Sale | EGAT Electricity Sale Net Profit
(Baht/ton) (MW) (MW) | (x10° Baht/vear)| ( x10° Baht/year) ( x10° Baht/year) ( x10° Baht/year) | (x10° Baht/year)

150 0 56.401 0.000 19.085 165.766 40.999 -16.679
150 10 62.817 24.918 19.085 165.766 45.663 3.573

150 15 66.106 37.376 19.083 165.766 48.054 13.643
150 20 69.341 49.835 19.083 165.766 50.406 23.750
150 25 72.576 62.294 19.085 165.766 52.757 33.857
150 30 75.812 74.753 19.085 165.766 55.109 43.964
175 0 56401 0.000 19.085 165.766 47.832 23.512
175 10 62.817 24918 19.085 165.766 53.274 4,036

175 15 66.106 37.376 19.085 165.766 56.063 5634

175 20 69.341 49.835 19.085 165.766 58.807 15.349
175 25 72.576 62.294 19.085 165.766 61.550 25.064
175 30 75.812 74.753 15.085 165.766 64.294 34.779
200 0 56.401 0.000 19.085 165.766 54.666 -30.345
200 10 62.817 24.918 19.085 165.766 60.884 -11.646
200 15 66.106 37.376 19.085 165.766 64.072 -2.375

200 20 69.341 49,835 19.085 165.766 67.207 6.948

200 25 72.576 62.294 19.085 165.766 70.343 16.272
200 30 75.812 74.753 19.085 165.766 73479 25.504
225 0 56.401 0.000 19.085 165.766 61.499 -37.178
225 10 62.817 24.918 19.085 165.766 68.495 -19.257
225 15 66.106 37.376 19.085 165.766 72.081 ~10.384
225 20 69.341 49.835 19.085 165.766 75.608 -1.453

225 25 72.576 62.294 19.085 165.766 79.136 7479

225 30 75.812 74.753 19.085 165.766 82.664 16.409
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Table A. 18 (continued) Economic study for base load operation (electricity output = 19 MWe)

Fuel Price per Unit | Steam Demand Qabs Steam Sale AP Electricity Sale | EGAT Electricity Sale Fuel Cost Net Profit
(Baht/ton) (MW) (MW) | (x10° Baht/year)| (x10° Baht/year) ( x10° Baht/year) { x10° Baht/year) | ( x10° Baht/year)

250 0 56.401 0.000 19.085 165.766 68.332 -44.012
250 10 62.817 24.918 19.085 165.766 76.105 -26.867
250 15 66.106 37.376 16.085 165.766 80.090 -18.393

250 20 69.341 49.835 19.085 165.766 84.009 -9.854
250 25 72.576 62.294 19.085 165.766 87.929 -1.314
250 30 75.812 74.753 19.085 165.766 91.849 7.224

Load factor = 0.8

Steam price per unit = 200 Baht/ton
Capacity charge to EGAT = 302 BahvkW, month

Energy charge to EGAT = 0.85 Baht’kWh

Capacity charge to Asia Plywood Co., Ltd. (AP) =217 Baht'kW, month
Energy charge to Asia Plywodd Co., Ltd. (AP) = 1.10 Baht’kWh

Annuaj fixed charges capital cost = 126.57x10° Baht
Annual operation and maintenance cost = 33.96x1 0° Baht

611



180

MANUIN A

° a = os &S o ar a
Iﬂ?LLﬂ?quﬂ’aﬂ LLﬂUﬂq?LﬂuLﬂﬁ'ﬂﬂtﬁ‘QQﬂﬁﬂ BUUHEANNIRINTITHAR



Private Sub Commandi_Click()
QD = Val{QDDis.Text)
m2 = Val{m2Dis. Text} * 1000 / 3600
T2 = Val(T2Dis. Text)
P2 = Val(P2Dis.Text)
nB = Val(nBDis.Text)
P3 = Val{P3Dis.Text)
P4 = Val(P4Dis.Text) * 100
Ps = Val(P5Dis.Text) * 100
P7 = Val(P7Dis.Text)
nT = ValinTDis.Texl) 'Steam turbine efficiecncy.
nP1 = Val{nP1Dis.Texl) 'Boiler pump efficiecncy.
nP2 = Val{nP2Dis.Text) 'feed water pump efficiency.

nP3 = Vai{nP3Dis.Text) ‘Condenser pump efficiency.

Load System
SBystem1.Show
End Sub

Private Sub Command3_Click()
End
End Sub

Private Sub Commandb_Click(}
m2Dis. Text = Empty
T2Dis.Text = Empty
P2Dis.Text = Emply
nBDis.Text = Emply

End Sub

Private Sub Command6_Click{)
P3Dis. Text = Empty
P4Dis.Text = Empty
P5Dis.Text = Empty
nTDis. Text = Emply

End Sub
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Private Sub Command8_Click()
nP1Dis.Text = Empty
nP2Dis.Text = Empty
nP3Dis.Text = Empty

End Sub

Private Sub Command10_Click()
m3Dbis.Text = Empty
QDPbis.Text = Empiy

End Sub

Private Sub Optiont_Click({}

'Steam Bailer page.

Frame?.Enabled = True 'Enabled frame?2.
Label6(0}).Enabled = True
Label6(1).Enabled = True
Label6(2).Enabled = True
Label6(3).Enabled = True

m20is.Enabled = True 'Disabled m2 text.

F2Dis.Enabled = True 'Disabled T2 text.
P2Dis.Enabled = True 'Disabled P2 texl.
nBDis.Enabled = True 'Disabled nb text.
m2Dis.Text = Empty

T2DIs.Text = Empty

P2Dis.Text = Emply

nBDis.Text = Ernpty‘

m2 = Val(m20Dis.Text)

T2 = Val(T2Dis.Text)

P2 = Val{P2Dis.Text)

n8 = Val{nBDis.Text)
Command5.Enabled = True

End Sub

Private Sub Option2_Click{)
‘Stearn Boiler page.

m2Dis. Text = 105 "tonfr
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T12Dis.Text = 437 'C

P2Dis.Text = 55 'bar

nBDis.Text = 0.8

m2Dis.Enabled = False 'Disabled m2 fexi.
T2Dis.Enabled = False 'Disabled T2 text.
P2Dis.Enabled = False 'Disabled P2 text.
nBDis.Enablad = False ‘Disabled nb text.
m2 = Val(m2Dis. Text}

T2 = Val{T2Dis.Texi}

P2 = val(P2Dis.Text}

nB = Val{nBDis.Text}

Label6{0).Enabled = False
Label6(1).Enabled = False
Label6(2}).Enabled = False
Label6(3).Enabled = False
Frame2.Enabled = False 'Disabled frame2.
Command5.Enabled = False

End Sub

Private Sub Option3_Click(}
‘Steam Turbine page.
Frame5.Enabled = True 'Enabled frame5.
tabel8(0).Enabled = True
Label8{1}).Enabled = True
Label8(2).Enabled = True
Label8(3).Enabled = True
P3Dis.Enabled = True
P4Dis.Enabled = True
P5Dis.Enabled = True
nTDis.Enabled = True
P7Dis.Enabled = True
P3Dis,Text = Empty
P4Dis.Text = Empty
P5Dis.Text = Empty
nTDis.Text = Empty
P7Dis.Text = Empty
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P3 = Val(P3Dis.Texl)

P4 = Val{P4Dis.Text)

P5 = Val{P5Dis.Texi)

P7 = Val{P7Dis.Text)

nT = Val{nTDis.Text) ‘Steam turbine efficiecncy.
Command6.Enabled = True

End Sub

Private Sub Optiond_Click(}
‘Steam Turbine page.
P3Dis.Text =7 'bar
P4Dis. Text = 0.64 'bar
P5Dis.Text = 0.101 *bar :
nTDis.Text = 0.87 ‘Steam turbine efficiecncy 87%
P7Dis.Text = 6 'bar
P3 = Val(P3Dis Text)
P4 = Val(P4Dis.Text}
P5 = Val(P5Dis.Text)
nT = Val(nTDis.Text)
P7 = Val{P7Dis. Text)
P3Dis.Enabled = False 'Disabled P3 text.
P4Dis.Enabled = False 'Disabled P4 {ext.
P&Dis.Enabled = False ‘Disabled P5 text.
nTDis.Enabled = False 'Disabled nT tex1.
P7Dis.Enabled = False
LabelB(0).Enabled = False
Label8(1}).Enabled = False
Label8{2).Enabled = False
Label8(3}.Enabled = False
Frameb5.Enabled = False 'Disabled frameb.
Command6.Enabled = False

End Sub

Private Sub Options_Click(}
'Cther equipments page.

Frame8.Enabled = True 'Enabled frame8.



Label10(0).Enabled = True

Label10({1).Enabled = True

Labeit0(2).Enabled = True

nP1Dis.Enabled = True

nP2Dis.Enabled = True

r_1P3Dis.EnabIed = True

nP1Dis.Text = Empty

nP2Dis.Text = Empty

nP3Dis.Text = Emply

nP1 = Val{nP1Dis.Text) ‘Boiler pumyp efficiecney.

nP2 = Val(nP2Dis.Text) 'feed water pump efficiency.

aP3 = Val{nP3Dis.Text) 'Condenser pump efficiency.

Command?.Enabled = True

End Sub

Privale Sub Option6_Click()
'Other equipments page.
nPiDis.Text = 0.9 'Boiter pump efficiecncy 90%.
nP2Dis.Text = 0.9 feed water pump efficiency 90%.
nP3Dis.Text = 0.9 'Condenser pump efficiency 80%.
nP1 = Val{nP1Dis.Text)
nP2 = Val(nP2Dis.Text)
nP3 = Val{nP3Dis.Text}
nP1iDis.Enabled = False 'Disabled nP1 text.
nP2Dis.Enabled = False 'Disabled nP2 text.
nP3Dis.Enabled = False 'Disabled nP3 text.
Label10{0).Enabled = False
Label10{1}.Enabled = False
Label10(2).Enabled = False
Frame8.Enabled = False 'Disabled frame8.
Command?.Enabled = False

End Sub

Private Sub mnuQuit_Click{lndex As Intéger)

End

End Sub
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Private Sub mnuSimutate_Click{index As Integer)

SearchSiri = CStr(P2)

SearchSir2 = CStr(12)

If (SearchStri <> ™} And (SearchStr2 <> =) Then
Table1.Recordset.FindFirst "p=" + ™ + SearchStr1 + ™

. If Table1.Recordset.NoMatch Then * only pressure no maich

Table1.Recordset.FindFirst "t="+"" + SearchS{r2 + "

If Table1.Recordset.NoMatch Then ‘Pressure & Temperature nomatch.
Table1.Recordset.MoveFirst
Table1.Recerdsel. FindFirst "p>" + ** + SearchSie1 + ™
Table1.Recordset.FindNext "t>"+ ** + SearchSir2 + ™
PressC = Val(PressDis1.Text)
TempB = Val{TempDist.Text)
hB = Val(EnthalpyDis1.Text)
sB = Val{EntropyDis1.Text)
Table1.Recordset.MovePrevious
TempA = Val(TempDist.Text}
hA = Val{EnthalpyDis 1.Text}
sA = Val(EntropyDis1.Text)
hC = hA + (hB - hA) * (Val(SearchSir2) - TempA) / (TempB - TempA)
sC = sA + (5B - sA) * {Val{SearchSlr2) - TempA} / (TempB - TempA)
Tabte1.Recordset.FindPrevious “p<"+ " + SearchStr1 + ™
Tabte1.Recordsel FindPrevious “t<* + ** + SearchSir2 + **
PressE = Val(PressDis1.Text)
TempC = Val(TempDis1.Text}
hE = Val(EnlhalpyDisLTex‘l)
sE = Val(EntropyDis1.Text}
Tablet.Recordset. MoveNext
TempD = Val(TempDis1.Text}
hD = Val(EnthalpyDis1.Text)
sD = Val(EntropyDist.Text)
hF = hE + (hD-hE} * (Val(SeérchStrz) - TempC) / (TempD> - TempC}
sF = sE + (sD - sE) * (Val(SearchStr2) - TempC) / {TempD - TempC)
EnthalpyDist.Text = hF + (hC - hF) * (VaI(S_earchStﬂ) - PressE) / (PressC - PressE)
EntropyDisi.Text = sF + (sC - sF) * (Val(SearchSir1) - PressE) f {PressC - PressE)
h2 = Val(EnthalpyDis1. Text)
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52 = Val{EntropyDis1.Text)

Efse 'Pressure nomatch but Temperaiure match
Tablei.Recordset.MoveFirst
Table1.Recordset.FindFirst ‘p>" + ** + SearchStr1 + **
Tablet.Recordset.FindNext “t="+ >~ + SearchSir2 + ™~
PressB = Val(PressDis1.Text}
hB = Val(EnthalpyDis1.Text)
5B = Val(EntropyDis1.Text)
Table1,Recordset.FindPrevious "p<"+ ™ + SearchStrt + **
Tablei.Recordset.FindPrevious "1=" + “" + SearchSte2 + ™
PressA = Val(PressDis1. Text)
hA = Val(EnthalpyDis1.Text)
sA = Val(EntropyDist.Text}
EnthalpyDisi.Text = hA + (hB - hA) * (Val(SearchStr1) - PressA}/ {PressB - PressA)
EnfropyDist.Text = sA + (sB - sA}* (Val{SearchStr1) - PressA) / (PressB - PressA)
h2 = Val{EnthaipyDis1.Text)
s2 = Val{EntropyDis1.Text)

End If

Eise ‘pressure match

Table1.Recordset.FindNext ="+ "* + SearchStr2 + ™"

h2 = Val{EnthalpyDis1.Tex)

$2 = Val{EntropyDis1.Text)

if Tablet.Recordset.NoMatch Then 'pressure match but temperature nomateh,
Table1.Recordset.MoveFirst
Table1.Recordset.FindFirst "p="+ """+ SearchSir1 + ™
Table1.Recordsel.FindNext "t=* + ** + SearchStr2 + ™
TempB = Val{TempDis1.Text)
hB = Val(EnthalpyDis1.Text)
sB = Val(EntropyDis1.Text)
Tablet.Recordset.MovePrevigus
TempA = Val{TempDisi.Text)
hA = Val(EnthalpyDis1.Text)
sA = Val(EntropyDis1.Text)
EnthalpyDis1.Text = hA + (hB - hA} * (Val{SearchSir2) - TempA) / (TempB - TempA)
EntropyDis1.Text = sA + (sB - sA) * (Val(SearchStr2) - TempA) / (TempB - TempA}
h2 = Val(EnthalpyDis1.Text)
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s2 = Val(EntropyDis1.Text)
End If
End If
End If

'‘Now this programming can find the porperty Enthalpy:h2, Eniropy:s2

'First Extraction steam,....Assume the porperty is Superheated..

's3s = 52 Isentropic Expansion.

‘Search h3s by given $3s and P3.

SearchSir3 = CStr(P3)

SearchSfrd = CStr(s2)

If (Search5tr3 <> ™) And (SearchSird <> ™)} Then

Table2.Recordset.FindFirst "p="+ " + SearchSts3 + '
if Table2 Recordset.NoMatch Then ' only pressure no match
Table2.Recordset.FindFirst "s="+ ** + SearchStr4 + " ‘pressure and entropy match.
if Table2.Recordset.NoMatch Then 'Pressure & Enfropy nomatch.

Table2.Recordset.MoveFirst
Table2.Recordset. FindFirst "p=" + ** + SearchS{c3 + ™"
Table2.Recordset.FindNext "s>" + ** + SearchStrd +**
PressC = Val(PressDis2.Text) ‘P3:Lower limit,
5B = val{EntropyDis2.Tex{) 's3s:Lower limit.
hB = Val(EnthalpyDis2.Text) 'h3s:Lower limit.
TempB = Val{TempDis2.Text} 'T3:Lower limil.
Table2.Recordsel.MovePrevious
sA = Val(EntropyDis2.Text) ‘s3s:Uper limit.
hA = Val{EnthalpyDis2.Text) 'h3s:Uper limit.
TempA = Val(TempDis2.Text} 'T3:Uper limit,
hC = hA + (hB - hA) * (Val(SearchStrd) - sA} / {sB - sA)
TempC = TempA + {TempB - TempA) * (Va[(SearchStrd) -sA){ {sB - sA)
TableZ.Recordset.FindPrevious "p<" + ** + SearchStr3 + ™
Table2.Recordset. FindPrevious "s<" + " + SearchSird + ™"
PressF = Val(PressDis2, Text) ‘P3:Uper Limit.
sE = Val(EntropyDis2. Text) 'sSs:Upér Limit.
hE = Val(EnthalpyDis2.Text) 'h3s:Uper Limil.
TempE = Val(TempDis2.Text) ‘T3s:Uper Limit.
Table2.Recordsel.MoveNext
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sD = Val(EntrobyDisZ.Texl) 's3s:Lower limit.
hD = Val{EnthalpyDis2. Text) 'h3s:Lower limit.
TempD = Val(TempDis2.Text) ‘T3s:Lower limit.
PressDis2. Text = SearchSir3
EntropyDis2.Text = SearchSir4
hF = hE + (hD - hE) * (Val(SearchStrd) - sE} / (sD - sE)
TempF = TempE + (Tempb - TempE)} * (Val{SearchStrd) - sE) / (s[) - SE)
EnthalpyDis2.Text = hF + (hC - hF) * {(Val(SearchSIr3) - PressF) / (PressC - PressF)
TempDis2.Text = TempF + (YempC - TempF} * (VakSearchSte3) - PressF) / (PressC - PressF)
h3s = Val{EnthalpyDis2.Text)
T3s = Val(TempDis2.Text)
‘Now this programming can find the praperty Enthalpy:h3s and T3s
Else 'Pressure nomatch but Entropy match
Table2.Recordset. MoveFirst
Table2.Recordset.FindFirst "p>" + " + SearchSir3 + "*
Table2.Recordsel.FindNext "s=" + ** + SearchStrd + =
PressB = Val{PressDis2.Text) ‘P3:Lower limit,
hB = Val{EnthalpyDis2.Text} 'h3s:Lower limit.
TempB = Val(TempDis2.Text} 'T3s:Lower limit.
Table2.Recordset.FindPrevious "p<" + " + SearchStr3 + =
Table2.Recordset FindPrevious “s=" + ™" + SearchSfr4 + ™"
PressA = Val{PressDis2 . Texf) 'P3:Uper fimit.
hA = Val(EnthatpyDis2.Text) *h3s:tper limit.
TempA = Val{TempDis2.Text} 'T3s:Uper limit.
EnthalpyDis2.Texi = hA + (hB - hA)} * (Val(SearchSir3) - PressA) / (PressB - PressA)
TempDis2.Text = TempA + (TempB - TempA) * (Val{SaarchSte3) - PreséA) /{PressB - PressA)
h3s = Val{EnthalpyDis2.Text)
T3s = Val{TempDis2.Tex(}
‘Now this programming can find the property Enthalpy:h3s and T3s
End If
Else 'presstre match
Table2.Recordsel.FindNext "s=" + "* + SearchStr4 + "
13s = Val(EnthalpyDis2.Text)
T3s = Val{TempDis2.Texl}
‘Now this programming can find the property- Enthalpy:h3s and T3s

If Tabte2.Recordsel.NoMatch Then ‘pressure match but Entropy nomatch.
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Table2.Recordset.MoveFirst
Table2.Recordset. FindFirst "p="+ ** + SearchSir3 + ™~
Table2.Recordsel.FindNext "s>" + ** + SearchStr4 + ™
sB = Val(EntropyDis2.Text} 's3s:Lower limit.
h2 = Val{EnthalpyDis2.Text) 'h3s:Lower limit.

~ TempB = Val(TempDis2.Text) ‘T3s:Lower limit.
Table2.Recordset.MovePrevious
sA = Val(EntropyDis2.Text) 's3s:Uper limit.
hA = Val(EnthalpyDis2.Tex{) 'h3s:Uper limit.
TempA = Val{TempDis2.Text) ‘T3s:Uper limit.
EnthalpyDis2.Text = hA + (hB - hA) * (Val(SearchStrd) - sA}/ (sB - sA)
TempDis2.Text = TempA + (TempB - TempA)} * (Val(SearchStr4) - sA) / (sB - sA)
h3s = Val{EnthalpyDis2.Text}
T35 = Val{TempDis2.Tex!)
‘Now this programming can find the property Enthalpy:h3s and T3s

End if

End if
End If

*Now this programming can find the property Enthalpy:h3s and T3s
h3 = h2 - nT * {h2 - h3s) 'nT = Steam turbine efficiency.

Te be continune this programming want to find the property Enthalpy:s3 and T3
'Then search 53 and T3 by given h3 and P3(Superheated).
SearchStrS = CSir(P3}
SearchStr6 = CStr(h3)
i (SearchSirs <> ™) And (SearchStré <> ™) Then
Tabie?.Recordset. FindFirst "p="+ ™" + SearchStrb + ™*
If Table?.Recordset.NoMatch Then ' only pressure no maftch
Tabte2.Recordset.FincFirst "h="+ ** + SearchSir6 + "" 'pressure and enthalpy match.
If Table2.Recordset.NoMatch Then 'Pressure & Enthalpy nomalch.
Table2.Recordset.MoveFirst ' _
Table2.Recordset.FindFiest "p>" + ** + Search51e5 + "
Table2.Recordset.FindNext *h=" + ** + SearchStr6 + **
PressC = Val(PressDis2.Text) 'P3:Lower limit.
hB = val(EnthalpyDis2.Text)' "h3:Lower limit
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sB = Val(EntropyDis2.Text) ‘s3:Lower limit.
TempS8 = Val{TempDis2.Text) "T3:Lower Hmil.
Table2.Recordset. MovePrevious
haA = Val{EnthalpyDis2.Text) 'h3:Uper limit.
sA = Val(EntropyDis2.Texl) 's3:Uper limit.
TempA = Val{TempDis2.Text) ‘T3:Uper limit.
sC = sA + (sB - sA) * (Val(SearchStrB) - hA) 7 (hB - hA)
TempC = TémpA + (TempB - TempA} * (Val{SearchStr8) - hA} / {hB - hA)
Table2 Recordset. FindPrevious "p<"+ " + SearchStré + "*
Table2.Recordsel.FindPrevious " h<" + ™" + SearchStr6 + ™"
PressF = Val{PrassDis2.Text) 'P3:Uper Limit.
hE = Val(EnhaipyDis2.Text) "h3:Uper Limit.
sE = Val(EntropyDis2.Text} ‘s3:Uper Limil.
TempE = Val(TempDis2.Text) ‘T3:Uper Limit.
Table?.Recordset. MoveNext
hD = Val(EnthalpyDis2.Text) *h3:Lower limit,
sD = Val{EntropyDis2.Text) ‘s3:Lower limit.
TempD = Val{TempDis2.Text) 'T3:Lower limil.
sF = sE + (sD - sE} * (Val{SearchSt6) - hE} / (hD - hE})
Tempf = TempE + (TempD - TempE) * (Val(SearchSu6) - hE) / (hD - hE)
EntropyDis2.Text = sF + (3C - sF) * {Val(SearchStr5) - PressF) / (PressC - PressF)
TempDis2.Tex! = TempF + (TerapC - TempF) * (Val(SearchSir5} - Pressk} / (PressC - PressF)
53 = Val(EntropyDis2.Text)
T3 = Val(TempDis2.Text)
"Wow this programming can find the property Enthalpy:s3 and T3
Else *Pressure nomatch but Enthalpy maich
Table2.Recordsel. MoveFirst
Table?.Recordsel.FindFirst "p>" + ** + SearchSkb +
Table2.Recordsel.FindNex! "h=" + " + SearchStr6 + ™
PressB = Val(PressDis2.Texf) ‘P3:Lower limit,
sB = Val(EntropyDis2,Text} 's3:Lower limit.
TermpB = Val{TempDis2.Text) 'T3s:Lower limit.
Table2 Recordset.FindPrevious "p':;' + " + SearchSirs + ™"
Table2.Recordset.FindPrevicus ="+ """ + SearchStr6 + ™
PressA = Val{PressDis2.Text) 'P3:Uper limii. '
sA = Val{EntropyDis2. Texf) 's3:Uper limit,
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TempA = Val(TempDis2. Text) 'T3:Uper limit.

EntropyDis2.Text = sA + (sB - sA} * (Val(SearchStr5) - PressA) / (PressB - PressA)

TempDis2.Text = TempA + (TempB - TempA} * (Val{SearchStrs) - PressA) / (PrassB - PressA)

$3 = Val(EntropyDis2.Text)

T3 = Val{TempDis2.Text)

‘Now this programming can find the property Enthalpy:s3 and T3

End If
Flse 'pressure match

Table2.Recordsel. FindNext *h=" + “* + SearchSirg + *

$3 = Val(EntropyDis2.Text)

T3 = Val{TempDis2.Texf)

'Now this programming can find the property Enthalpy:s3 and 73

If Table2.Recordsel.NoMatch Then 'prassure match but Enthaipy nomatch.
Table2.Recordset.MoveFirst
Table2.Recordset.FindFirst "p=" + ™ + SgarchSic + ™
Table2.Recordset.FindMNext 'n>" + ™ + SearchSi6 + ™"
hB = Val{EnthalpyDis2. Text) ‘'h3:Lower limit.
sB = Val(EntropyDis2.Text} 's3:Lower limil,
TempB = Val{TempDis2.Text} 'T3:Lower limit.
Table2.Recordset.MovePrevious
hA = Val(EnthalpyDis2.Text) "h3:Uper limit.
sA = Val(EntropyDis2.Text} "s3:Uper limit.
TempA = Val(TempDis2.Text} 'T3:Uper limit.
EnlropyDis2,Text = sA + (sB - sA) * (Val(SearchStr6) - hA) / (hB - hA)
TempDis2.Text = TempA + (TempB - TempA} * (Val(SearchSt6} - hA) f (hB - hA)
$3 = Val{EntropyDis2.Text) A
T3 = Vali{TempDis2.Text)
'Now this programming can find the property Enthalpy:s3 and T3

Enct If

End If
End If

‘Now this programming can find the properly Enthalpy:s3 and T3
‘Second Extraction steam.......Assume the porperty is mixiure.
‘'sds = 53 [sentropic Expansicn.

'Search h4s and T4s by given p4 and s4s{Mixture),



SearchSir7 = CSir(P4)
SearchStr8 = CS1r(s3)

If (SearchSte7 <> "} Then

Table3.Recordsel FindFirst Jp="+"" + SearchS{r7 + ™

if Table3.Recordset.NoMatch Then 'Pressue nomatch.
Table3.Recordset. MoveFirst
Table3.Recordset.FindFirst "p>" + ** + SearchStr7 + ™
PressB = Val(PressDis3.Text) 'P3:Lower fimit.
TempB = Val(TempDis3.Text) ‘T3:Lower lmil.
sBg = Val(EntropyGDis.Text} ‘s3g:Lower limit.
hBg = Val{EnthalpyGDis.Text} 'h3g:Lower limit.
58f = Val{EntropyFDis. Text) 's3f:Lower limit.
hif = Val(EnthalpyFDis.Text} 'h3f:Lower fimit.
Table3.Recordset. MovePrevious
PressA = Val{PressDis3.Text} 'P3:Uper fimit.
TempA = Val(TempDis3.Text} 'T3:Upar limit.
sAg = Val(EntropyGDis.Text) 's3g:Uper Himit.
hAg = Val(EnthalpyGDis.Text) *h3g:Uper limit.
sAf = Val{EntropyFDis.Text} ‘s3f:Uper limit.
hAf = Val(EnthatpyFDis. Text} 'h3f:Uper limit.
EntropyGDis.Text = sAg + (SearchSi7 - PressA) * (sBg - sAg) / (PressB - PressA}
EntropyFDis.Text = sAf + (SearchStr7 - PressA) * (sBf - sAf) / (PressB - PressA)
EnthalpyGDis.Text = hAg + (SearchSir7 - PressA) * (hBg - hAg) / (PressB - PressA)
EnthalpyFDis.Text = hAf + (SearchSti7 - PressA) * (hBF - hAf) / (PressB - PressA)
TempDis3.Text = TempA + {SearchStr7 - PressA) * (TempB - TempA} / (PressB - PressA)
sG = Val(EnlropyGDis.Text)
sF = Val{EntropyFDis.Text)
hG = Val(EnthalpyGDis.Text)
hF = Val{EnthalpyFDis.Text)
x = (Val{SearchSirB) - sF) / (sG - sF) 'x=qualily of steam.
hds = hF + x * (hG - hF) "Enthalpy of h3s.
T4s = Val{TempDis3.Text)
'hés = Val(EnthatpyDis3.Text)
ht10 = hF ' Assume h10 = Saturate liquid
‘Now this programming can find the poperty hds and T4s
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Else ' pressure match
5G = Val(EntropyGDis.Text)
hG = Val{EnthalpyGDis.Text)
sF = Val{EntropyF Dis.Text)
hF = Vai({EnthalpyFDis.Text)

L% = (Val(SearchStr8) - sF}/ (sG - sF) x=quality of steam.
hds = hF + x * {hG - hF) 'Enthalpy of h3s.
T4s = Val{TempDis3.Text)
'h4s = Val{EnthalpyDis3.Text)
h10 = hF * Assume h10 = Safurate liquid
'‘Now this programming can find the popery hds and T4

End If
End If

'Now this programming can find the poperty hds and T4s
h4 = h3 - nT * {h3 - h4s) ‘'nT = Sleam turbine efficiency.

'To be continune this programming want to find the property Enthalpy:s4 and T4
‘Then search 54 and T4 by given hd and P4 (Mixture).
SearchSird = CStr{P4)
SearchStri0 = CStr(hd)
If (SearchStrd <> ™} Then
Table3.Recordset. FindFirst "p="+ """ + SearchSir9 + **
If Table3.Recordset.MoMatch Then ‘Pressue nomatch.
Table3.Recordset.MoveFirst
Table3.Racordset. FindFirst "p>"+ " + SearchSird + ™
PressB = Val(PressDis3.Text) 'P4:Lower limit.
TempB = Val{TempDis3.Texl) ‘T4:Lower limit.
sBg = Val(EntropyGDis.Text) 'sdg:Lower limit. |
hBg = Val{EnthalpyGDis.Text) 'hdg:Lower limit. .
sBf = Val(EntropyFDis.Text) 's4f:Lower limit.
hBf = Val{EnthalpyFDis.Text} 'h4f:Lower limit.
Table3.Recordset.MovePrevious
PressA = Val{PressDis3.Text} 'P4:Uper limit.
TempA = Val(TempDis3.Text) 'T4:Uper limil. 7

sAg = Val(EntropyGBis.Text) 'sdg:Uper limit,
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hAg = Val(EnthalpyGDis. Text) *hdg:Uper limit.
sAf = Val{EntropyFDis Text) ‘saf:Uper limit.
hAf = Val(EnthalpyFDis.Text) 'h4f:Uper limit.
EntropyGDis.Text = sAg + {SearchSIrd - PressA} * (sBg - sAg) / (PressB - PressA)
EntropyFDis. Text = sAf + (SearchStrd - PressA) * (sBf - sAf) / (PressB - PressA)
JEnthalpyGDis.Text = hAg + (SearchSt9 - PressA) * (hBg - hAg) / {PressB - PressA)
EnthalpyFDis. Text = hAf + (SearchStrd - PressA) * (hBf - hAf} / {PressB - PressA)
TempDis3.Text = TempA + (SearchStrd - PressA) * (TempB - TempA) / (PrassB - PressA) 'T3
$G = Val(EntropyGDis.Text)
sF = Val{EntropyFDis.Text}
hG = Val(EnthalpyGDis. Text)
hF = Val(EnthalpyFDis.Text}
x = {Val{SearchSlr10) - hF) / {hG - hF} "x=quality of steam.
EntropyDis3.Text = sk + x * (sG - sF} "Enlropy of s4.
T4 = Val{TempDis3.Text)
s4 = Val{EntropyDis3.Text)
'Now this programming can find the poperty s4 and T4
Else ' pressure maich
sG = Val{EntropyGDis. Text)
hG = Val{EnthalpyGDis. Text)
sF = Val(EntropyF Dis. Text)
hF = Val{EnthalpyFDis.Text)
% = (Val{SearchStri0) - hF) / (hG - hF) 'x=quality of steam.
EntropyDis3.Text = sF + x * {sG - sF} ‘Entropy of s4.
T4 = Val{TempDis3.Text)
s4 = Val{EntropyDis3.Text}
'‘Now this programming c¢an find the poperty s4 and T4
End If
End lf

‘Now this programming can find the poperty s4 and T4
"Third Extraction steam,......Assume the porperty is mixture.
555 = 84 'lsentropic Expansion. A

"Search h5s and T5 by given p5 and s5s

SearchSirt1 = CSir{P5)

SearchStr12 = CStr(s4}



If (SearchStrit <> ") Then

Table3d.Recordset.FindFirst "p="+ "+ SearchStri1 +*
If Table3.Recordset.NoMatch Then "Pressue nomaich.
Table3.Recordset.MoveFirst
Table3.Recardset.FindFirst "p>"+ ™" + SearchStr11 + **
PressB = Val(PressDis3.Text) 'P5:Lower fimit,

TempB = ValTempDis3.Text) ‘T5:Lower fimit.

5Bg = ValEntropyGDis.Text) 's5g:Lower limil.

hBg = Val(EnthalpyGDis_Text) ‘hog:Lower {imit.

sBf = Val(EntropyFDis.Text) 's5f:Lower limil.

nBf = Val{EnthalpyFDis, Text) 'h5f;Lower limit.

vBf = Val{VolumeFDis. Text) 'vbl:Lower {imit.
Table3.Recordset.MovePrevious

PressA = Val(PressDis3.Text) 'P5:Uper limit.

TempA = Vat{TempDis3.Text) 'T6:Uper limil.

sAg = Val(EntropyGDis. Text) 'sbg:Uper limit.

hAg = Val(EnlhalpyGDis.Text} 'hog:Uper fimit.

sAf = Val{EntropyFDis.Text} 's5f:Uper limil.

hAf = Val{EnthalpyFDis.Text) 'h5f:Uper limit.

vAf = Val(VolumeFDis.Text) ‘vBE:Uper limit.

EntropyGDis.Text = sAg + (SearchStri1 - PressA) * (sBg - sAg) f {PressB - PressA)
EntropyFDis.Text = sAf + (SearchStr11 - PressA} * (sBI - sAf) / (PressB - PressA}
EnthalpyGDis.Text = hAg + (SearchStr11 - PressA) * (hBg - hAg) / {PressB - PressA}
EnthalpyFDis.Text = hAf + {SearchSte11 - PressA) * (hBf - hAf) / (PressB - PressA)
VolumeFDis. Text = vAf + (SearchSirii - PrassA) * {(vBf - vAf) / (PressB - PressA)
TempDis3.Text = TempA + (SearchStr11 - PressA) * {TempB - TempA} / (PréssB - PrassA)

56 = Val{EntropyGDis. Text}

sF = Val(EntropyF Dis.Text)

hG = Val(EnthalpyGDis. Text)

hF = Val{EnthalpyFDis. Text)

x = (Val{SearchSiri2) - sF) 7 (sG - sF) 'x=qualily of steam.
EnthalpyDis3.Text = hF +x * (hG -_hF) 'Enthalpy of hbs.
T5s = Val{TempDis3.Text)

h5s = Val{EnthalpyDis3.Text)

h6 = Vai(EnthalpyFDis.Text} 'Assume state 6: séi liquid
v = Val{VolumeFDis. Text} ‘Assume stete 6: sat liquid
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‘Now this programiming can find the poperly h5s, T6s, h6 and s6
Else ' pressure match

sG = Val{EntropyGDis.Text)

hG = Val(EnthalpyGBis. Text)

sF = Val(EntropyF Dis. Text)

hF = Val(EnthalpyFBis. Text}

x = (Val{Search5iri2) - sF} / (sG - sF} 'x=quality of steam.

EnthalpyDis3.Text = hF + x * (hG - hF) 'Enthalpy of hbs.

T5s = Val(TempDis3.Text)

hbs = Val(EnthalpyDis3.Text)

h6 = Val(EnthalpyFDis. Text) ‘Assume siate 6: sat liquid

vB = Val{VolumeFDis.Text) 'Assume state 6: sat liquid

‘Now this programming can find the poperty hbs, Ths, h6 and 56
End If

End If

'"Now this programming can find the poperty hbs, T5s, h6, s6 and vG
h5 = h4 - T * (h4 - h5s) "nT = Steam turbine efficiency.

"Now the programming can find all poperty in steam furbine:h2,h3,h4,hb and hé,h7
h7 = h6 + v6 * (P7 - P57 100} * 100 / nP2 ‘Assume P§=P5, Constan! Pressure.

'Energy Calculated Syétem Flow Diagram

m15 = QD * 1000 / 2427.2 'Process steam, Fixed inlet and outiet condition (2427 2kd/kg)

m13 = m15* (27624 - 472.7) [ (h3 - 472.7) ' Mass + Energy balanced at point B.lh15=2762.4 kJikg
mi7 =m2 + m15 - m13 ' Mass balanced al point B,

"T4=87.62 ----- >T9=77.62, h9=324.9

mi2 = (m17 * 461.3 -m15 * 335.2 - m17 * 324.9 + m15 * 324.9) / {h3 - 324.9) 'Energy balanced at feed waler
storage,Fixed h17=461.3kJkg, h12=h3

m9 =mi7 - m15- m12 ' Mass balanced al feed waler storage
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h8 = h7 + 134.373 / m9 'Energy batanced at gland condenser Fixed h(31=3151.1 kJ/kg hG2=408.8 kd/kg.
m3 = mi2 + m13 'Energy balanced at point A,

m4 = md * (324.2 - n8) / {h4 - h10} ' Energy balanced at LP Preheaer.
mtt : md + 0.049 * Mass batanced al point C, Fixed mG = 0.049kg/s
htt = (10 * md + 20.0312}/ m11 ‘Energy balanced at point C

mb = m - m11 ' Mass balanced at condenser, m3=m6

'"Now this programming can already find every property in system.
WT ={m2*h2-m3*h3-md *hd-m5*h5-0.049 *3151.1) /1000
E=097"WT

nCO={E+QD)* 100/81.%

Qrej = (m5* h5 +m11*h11-m8 * h6}/ 1000

Load Output1

Oulput1.Show

End Sub
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Private Sub Command1_Click(}
QD = Val(QDDis.Text)
E = Val(EDIs.Text)
P2 = Val{P2Dis.Tex!)
12 = Val(T2Dis. Text}
nB = Val(nBDis.Text)
P3 = Val(P3Dis.Text)
P4 = Val(P4Dis.Text) * 100
P5 = Val{P5Dis.Text) * 100
P7 = Val{P7Dis.Text)
nT = Val{nTDis.Text) 'Steam turbine efficiecncy.
nP1 = Val{nP1Dis.Text} 'Boiler pumnp efficiecncy.
nP2 = Val(nP2Dis. Text} 'feed water pump efficiency.
nP3 = Val(nP3Dis.Text] 'Condenser pump efficiency.
Load Systemn2
Systern2.Show
End Sub

Private Sub Command3_Click()
End
End Sub

Private Sub Command5_Click()
P2Dis.Text = Emply
T20Dis. Text = Empty
nBDis.Text = Empty

End Sub

Private Sub Command6_Click()
P3Dis.Text = Emply
PADIs. Text = Empty
P5Dis.Text = Empty
P7Dis.Text = Empty
nTDis. Text = Empty

End Sub



Private Sub Command8_Click()
nP1Dis.Texi = Empty
nP20is. Text = Empty
nP3Dis.Text = Empty

End Sub

Privafe Sub Command10_Click()
QDDis.Text = Emply
EDIs. Text = Empty

End Sub

Private Sub Optiont_Click()

'Steam Boiter page.

Frame2.Enabled = True 'Enabled .frameQ.

L abel5{0}.Enabled = True
Label6(3),Enabled = True

P2Dis.Enabled = True 'Disabled m2 text.
T2Dis.Enabled = True 'Disabled m2 text.

nBDis.Enabled = True 'Disabled nb text.

P2Dis. Text = Empty
T2Dis.Text = Empty
nBDis.Text = Empty

P2 = Val(m2Dis.Text)
T2 = Val(m2Dis.Text)
nB = Val({nBDis.Text)
Command5.Enabled = True

End Sub

Private Sub Option2_Click{}
‘Steam Boiler page.
P2Dis.Text = &85
T2Dis.Text = 437
nBDis.Text = 0.8
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pP2Dis.Enabled = False 'Disabled m2 text.
T2Dis.Enabled = False 'Disabled m2 text.
nBDis.Enabled = False 'Disabled nb text.

P2 = Val(P2Dis.Text)

T2 = Val(V2Dis.Text)

nB = Val{nBDis.Text}

Label6{3}.Enabled = False
Frame2.Enabled = False "Disabled frame2.
Command5.Enabled = False

End Sub

Private Sub Option3_Ciick()

'Steam Turbine page.
Frame5.Enahled = True ‘Enabled frameb.
L abel8(0).Enabled = True
Label8{1).Enabled = True
tabel8(2).Enabled = True
Label8{3}).Enabiled = True
P3Dis.Enabled = True
T3Dis.Enabled = True
P4Dis.Enabled = True
P5Dis.Enabled = True
P7Dis.Enabled = True
nTDis.Enabled = True
P3Dis.Text = Emply
T3Dis.Text = Emply
P4Dis.Text = Empty
P5Dis. Text = Emply
P7Dis.Text = Empty
nTDis.Text = Empty

P3 = Val(P3Dis.Text)

T3 = Val(T3Dis.Text)

P4 = Val(P4Dis.Tex)

P5 = Val{P5Dis. Text)

PT7 = Val{P7Dis.Text)
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nT = Val(nTDis.Text} 'Steam turbine efficiecncy.
Command6.Enabled = True

End Sub

Private Sub Optiond_Click()
'Sieam Turbine page.
P3Dis.Text =7 'bar
P4Dis.Texl = 0.64 'bar
P5Dis.Text = 0.101 'bar
ntDis.Text = 0.87 ‘Steam {urbhine efficiecncy 87%
P7Dis.Text = 8 ‘bar
£3 = val(P3Dis. Text)
P4 = Val(P4Dis.Text)
P5 = Val(P5Dis.Text)
nT = Val{nTDis.Text)
P7 = Val(P7Dis.Text)
P3Dis.Enabled = False 'Disabled P3 text.
P4Dis.Enabled = False 'Disabled P4 text.
P5Dis.Enabled = False 'Disabled P5 {ext.
nTDis.Enabled = False 'Disabled nT texi.
P7Dis.Enabled = False
LabetB(0).Enabled = False
Label8(2).Enabled = False
Label8(3).Enabled = False
Frameb.Enabled = False 'Disabled frame5.
Command6.Enabled = False

End Sub

Private Sub Option5_Click()

'Other equipments page.
Frame8.Enabled = True 'Enabled frame8.
Labef10{0).Enabled = True
Label10{1}.Enabted = True
Label10{2}.Enabled = True
nP1Dis, Enabled = True
nP2Dis.Enabled = True



nP3Dis.Enabled = True

nP1Dis. Text = Empty

nP20is. Text = Emply

nP3Dis.Tex{ = Empty

nP1 = Val{nP10Dis. Text) 'Boiler pump efficiecncy.
nP2 = Val(nP2Dis.Text) 'feed water pump efficiency.
nP3 = Val{nP3Dis.Text) ‘Condenser pump efficiency.
Command7.Enabled = True

End Sub

Private Sub Optiong_Click(}

‘Other equipments page.

nP1Dis.Text = 0.9 'Boiler pumyp efficiecncy 80%.
nP2Dis.Text = 0.9 'feed water pump efficiency 90%.
nP3Dis. Text = 0.9 'Condenser pump efficiency 90%.
nPi = Val(nP1Dis.Text)

nP2 = Val(nP2Dis. Text)

nP3 = Val(nP3Dis.Text}

nP1Dis.Enabled = False ‘Disabled nP1 fext.
nP2Dis.Enabled = False 'Disabled nP2 taxt.
nP3Dis.Enabled = False ‘Disabled nP3 text.
Label10{0).Enabled = False

Label10{1).Enabled = False

Label10{2).Enabled = False

Frame8.Enabled = False *Disabled frame8.
Command?.Enabled = False

End Sub

Private Sub mnuQuit_Click(Index As Integer)
End
End Sub

Private Sub mnuSimulate_Click(Index As Integer)
SearchSir1 = CSte(P2)
SearchSir2 = CStr(12)
If (SearchSir1 <> ™} And (SearchSir2 <> *) Then
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Tablei.Recordset.FindFirst "p=" + ** + SearchStr1 +™°

If Table1.Recordset.NoMatch Then ' only pressure no match

Tablet.Recordset.FindFirst "="+ “* + SearchStr2 + ™

If Table1.Recordsel.NoMatch Then 'Pressure & Temperature nomatch.

Table1.Recordset.MoveFirst

Table1.Recordset.FindFirst "p>" + " + SearchStrt + ™
Tabte1.Recordset.FindNext *{>" + ™" + SearchStr2 + ™
PressC = Val{PressDis1.Text)

TempB = Val{TempDisi.Text)

7B = Val{EnthalpyDis1.Text)

sB = Val{EntropyDist.Text)
Table1.Recordsel.MovePrevious

TempA = Val(TémpDis1.Text)

hA = Val{EnthalpyDis1.Text)

sA = Val(EntropyDis1.Text)

hC = hA + (hB - hA) * (Val{SearchStr2) - TempA} / (TempB - TempA}
sC = sA + (3B - sA) * (Val{SearchStr2) - TempA) / {TempB - TempA)
Table1.Recordset.FindPrevious "p<" + ** + SearchStr1 + ™
Tablei.Recordset.FindPrevious "t<* + ™ + SearchStr2 + ™"
PressE = Val{PressDis1.Text)

TempC = Val{TempDis1.Text)

hE = Val(EnthalpyDist.Text)

'SE = Val(EntropyDisi.Text)

Table1.Recordsel. MoveNext

TempD = Val(TempDis1.Text)

hD = Val(EnthalpyDis1.Text}

sD = val(EnlropyDis1.Text)

hF = hE + {hD - hE) * (Val{SearchStr2) - TempC) / {TempD - TempC}

sF = sE + (sD - sE) * (Val(SearchStr2) - TempC) / {TempD - TempC)

EnthalpyDis1.Text = hF + {hC - hF) * (Val{SearchSir1) - PressE} / (PressC - PressE)
EntropyDisi.Text = sF + (sC - sF) * {Val(SearchSir1) - PressE) / (PressC - PrassE)

02 = Val(EnthalpyDis1.Text)
s2 = ValEntropyDis1.Text)

Else 'Pressure nomatch but Temperature malch
Table1.Recordset.MoveFirst '

Table1.Recordset.FindFirst "p>" + ** + SearchSir1 + ™
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Tablei.Recordset.FindNext "t="+ """ + SearchStr2 + **

PressB = Val{PressDis1.Text}

hB = Val{EnthalpyDis1.Text)

sB = Val(EntropyDist.Text)

Tablet.Recordsetl.FindPrevious "p<" + ™" + SearchSir1 + ™
Table1.Recordsel.FindPrevious =" + ™* + SearchSt2 + **

PressA = Val(PressDisi.Text)

hA = Val{EnthalpyDis1.Text)

sA = ValEniropyDis1.Tex{)

EnthalpyDis1.Text = hA + {(hB - hA) * (Vai(SearchStri} - PressA} / {PressB - PrassA)
EntropyDis1.Text = sA + (B - sA) * {Val(SearchStr1) - PressA) / (PressB - PressA}
h2 = Val(EnthalpyDis1.Text)

52 = Val(EntropyDis1.Text)

End If

Else 'pressure mafch

Table1.Recordset.FindNext "t="+ ** + SearchStr2 + *
h2 = Val(EnthalpyDis1.Text)
$2 = Val(EntropyDis1.Text}
If Table1.Recordsel.NoMafch Then ‘prassure match but temperature nomatch,
Table1.Recordset.MoveFirst
Table1.Recordsel. FindFirst "p="+"" + SearchStr1 + ™
Table1.Recordset.FindNext "t>" + ™" + SearchStr2 + ™
TempB = Val{TempDis1.Text}
hB = Val(EnthalpyDis1.Text)
sB = Val(EntropyDis1.Text)
Table1.Recordset.MovePrevious
TempA = Vai{TempDis1.Text)
hA = Val(EnthalpyDis1.Text)
sA = Val(EntropyDis1.Text) .
EnthalpyDisi.Text = hA + (hB - hA} * (Val{SearchStr?) - TempA) / (TempB - TempA)
EnfropyDist.Text = sA + (sB - sA) * (Val{SearchSie2) - TempA} / (Temp8 - TempA)
h2 = Val(EnthalpyDis1.Text)
s2 = Val{EntropyDis1.Text)
End If

End If

End-If
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‘Now this programming can find the porperty Enthalpy:h2, Entropy:s2

‘First Extraction steam......Assume the porperty is Superheated..

's3s = §2 Isentropic Expansion.

‘Search h3s by given s3s and P3.

SearthlrS = CStr(P3)

SearchStrd = CStr(s2)

If {SearchStr3 <> ) And {SearchSird <> *) Then

Table2.Recordset FindFirst "p=" + ** + SearchS{(3 + ™
If Table2.Recordset.NoMatch Then ' only pressure no match
Table2.Recordset.FindFirst "s=*+ ** + SearchStr4 + " ‘pressure and eniropy maich.
lf Table2.Recordset.NoMatch Then 'Pressure & Entropy nomatch.

Table2 Recordset.MoveFirst
Table2.Recordset.FindFirst "p>" + "" + SearchSir3 + **
Table2.Recordsel.FindNext "s>" + ™ + SearchStr4 + ™"
PressC = Val(PressDis2.Text) ‘P3:Lower limit.
sB = Val(EntropyDis2.Text} 's3s:Lower limil,
h8 = Val(EnthalpyDis2.Text) 'h3s:Lower limil.
TempB = Val(TempDis2.Text) 'T3:Lower limit.
Tablg2.Recordset.MovePrevious
sA = Val{EntropyDis2.Text} 's3s:Uper limit.
hA = Val(EnthatpyDis2.Text) 'h3s:Uper limit.
TempA = Val(TempDis2.Texd) ‘T3:Uper limit.
hC = hA + (hB - hA) * (Val{SearchStrd) - sA) 7 (sB - sA)
TempC = TempA + (TempB - TempA} * {(Val(SearchStr4) - sA) f (sB - sA)
Table2.Recordsel.FindPrevious "p<" + "™ + SearchStr3 + ™
Table2.Recordset.FindPrevious "s<* + ™" + SearchSir4 + **
PressF = Val(PressDis2.Text} 'P3:Uper Limit,
sk = Val(EntropyDis2.7ext} 's3s:Uper Limit.
hE = Val(EnthalpyDis2.Text} 'h3s:Uper Limit.
TempE = Val{TempDis2.Text) T3s:Uper Limit.
Table2.Recordset.MoveNext '
sD = Val{EntropyDis2.Text) 's3s:Lower limit.
hD = Val(EnthalpyDis2.Text) 'h3s:Lower fimit.
TempD = Val(TempDis2.Text} 'T3s:Lower limit. -
PressDis2. Text = SearchSted -
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EntropyDis2.Text = SearchSir4
hF = hE + (hD - hE) * (Val(SearchStrd) - sE) / {sD - sE)
TempF = TempE + (TempD - TempE) * (Val(SearchStr4) - sE) / {(sD - sE}
EnthalpyDis2.Text = hF -+ (hC - hF) * (Val(SearchStr3) - PressF} / (PressC - PressF)
TempDis2.Text = TempF + {TempC - TempF} * {Val{SearchStr3) - PressF) / (PressC - PressF)
h3s = Val(EnthalpyDis2.Text)
J T3s = Val(TempDis2.Text)
‘Now this programming can find the properly Enthalpy:h3s and T3s
Else 'Pressure nomatch bui Entropy match
Table2.Recardset.MoveFirst
Table2.Recordset. FindFirst *p>" + " + SearchSr3 + ™
Table2.Recordset.FindNext "s=" + " + SearchStr4 + ™
PressB = Val{PressDis2.Text} 'P3:Lower limit.
hB = Val{EnthalpyDis2.Text) 'h3s:Lower limit.
TempB = Val(TempDis2.Text} *T3s:Lower limit.
Table2.Recordset.FindPrevious "p<* + *" + SearchStr3 + ™"
Table2.Recordset.FindPrevious "s=" + ™ + SearchStr4 + "~
PressA, = Val(PrassDis2.Text) 'P3:Uper limit.
hA = Val(EnthalpyDis2.Text} 'h3s:Uper limit.
TempA = Val{TempDis2.Text) ‘T3s:Uper fimit.
EnthalpyDis2.Text = hA + (hB - hA) * (Val(SearchStr3) - PressA) f (PressB - PressA)
TempDis2.Text = TempA + {TempB - TempA) * (Val{SearchSir3) - PressA) / (PressB - PressA)
h3s = Val{EnthalpyDis2.Text}
T3s = Val{TempDis2.Text)
‘Now/ this programming can find the property Enthalpy:h3s and T3s
End If
Else 'pressure malch
Table2.Recordsel.FindNext "s=" + ™ + SearchSir4 + **
h3s = Val(EnthalpyDis2.Text}
T3s = Val(TempDis2.Text)
'Now this programming can find the property Enihalpy:th and T3s
if Table2.Recordset.NoMaich Then 'pressure match but Enfropy nomatch.
Table2.Recordset.MoveFirst l
Table?.Recordset.FindFirst "p="-+ "" + SearchSir3 + *"
Table2.Recordset. FindMext "s>* + ™ + SearchStrd + ™

sB = Val{EntropyDis2.Text) 's3s:Lower limit.
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hB = Val(EnthalpyDis2.Text) 'h3s:Lower limil.
TempB = Val(TempDis2.Text} "T3s:Lower limil.
Table2.Recerdset. MavePrevious
sA = Val(EntropyDis2.Text) ‘s3s:Uper fimit.
hA = Val(EnthalpyDis2.Text) *h3s:Uper limit.
TempA = Val{TempDis2.Text) 'T3s:Uper limit.
EnthalpyDis2.Text = hA + (hB - hA} * (Val{SearchStrd) - sA) / (sB - sA)
TempDis2.Text = TempA + (TempB - TempA} * (Val(SearchStrd) - sA) / (sB - 5A)
h3s = Val(EnthalpyDis2.Text)
T3s = Val(TempDis2.Text)
*Now this programming can find the properiy Enthalpy:h3s and T3s
End If
End If
End if

"Now this programming can find the property Enthalpy:n3s and T3s
h3 = h2 - nT * (h2 - h3s) 'nT = Steam turbine efficiency.

'To be conlinune this programming want to find the property Enthalpy:s3 and T3
'Then search s3 and T3 by given h3 and P3{Superheated).
SearchStrh = CStr{P3)
SearchStrs = CStr{h3)
If (SearchSirs <> ™) And (SearchStré <> ™) Then
Table?.Recordset. FindFirst "p="+ " + SearchSlrd +**
if Table2.Recordset.NoMatch Then * only pressure ne match
Table2 Recordset. FindFirst "h="+ “ + SearchStr6 + ™" ‘pressure and enlhalby match.
If Tabla2.Recordset.NoMatch Then ‘Pressure & Enthalpy nomatch.
Table2.Recordset.MoveFirst
Table?.Recordset. FindFirst "p>"+** + SearchSird + *"
TabIe2.Recordsel.FiﬁdNext "h>"+ 77 + SearchStG +™*
PressC = Val(PressDis2. Text} 'P3:Lowar limit.
hB = Val(EnthalpyDis2.Text) 'n3:Lower limit
$B = Val{EntropyDis2.Text} ‘s3:Lower fimil.
TempB = Val{TempDis2.Text) 'T3:Lower limit.
Table2.Recordsel.MovePrevious

hA = Val(EnthalpyDis2.Text} 'h3:Uper fimit.
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sA = Val{EntropyDis2.Text) ‘s3:Uper limit.
TempA = Val{TempBis2.Text} 'T3:Uper limit.
sC = sA + (sB - sA) * (Val(SearchStr8) - hA} / (hB - hA)
TempC = TempA + (TempB - TempA)} * (Val{SearchSir6) - ﬁA) /(hB - hA)
Table2.Recordset.FindPrevious “p<” + ™ + SearchStr5 + *'*
Table2.Recordset. FindPrevious " h<* + ' + SearchStré + ™~
‘PressF = Val(PressDis2.Text) 'P3:Uper Limit.
hE = Val(EnthalpyDis2.Text) 'h3:Uper Limit.
sE = Val(EntropyDis2.Text) 's3:Uper Limit.
TempE = Val{TempDis2.Text) ‘T3:Uper Limit.
Table2.Recordsel MoveNext
hD = Val(EnthalpyDis2.Text) '"h3:Lower limil,
sD = VallEntropyDis2.Text) ‘s3:Lower limit.
TempD = Val(Tempbis2.Text) T3:Lower limit.
sF = sE + {sD - sE} * (Val{SearchStr5) - hE} / (hD - hE)
TempF = Tempt + (TempD - TempE} * (Val{SearchStr6} - hE) / (hD - hE)
EntropyDis2.Text = sF + {sC - sF) * (Val(SearchStr5) - PressF) / {PressC - PressF)
TempDis2.Text = TempF + (TempC - TempF) * (Val{SearchStr5) - PressF) / (PressC - PressF)
53 = Val{EntropyDis2.Text)
T3 = Val{TempDis2.Text)
‘Now this pragramming can find the property Enthalpy:s3 and T3
Else 'Pressure nomatch but Enthalpy match ‘
Table2.Recordset.MoveFirst
Table2.Recordsel.FindFirst "p>" + ** + SearchStrs + ™"
TableZ.Recordsel. FindNext "h="+ " + SearchSt6 + "
PressB = Val{PressDis2.Text) "P3:Lower limit,
sB = Val(EntropyDis2.Text) 's3:Lower limit.
TempB = Val{TempDis2.Text} ‘T3s:Lower limit,
Table2.Recordsel.FindPrevious "p<"+ " + Searc_hStr5 +
Table2.Recordset.FindPrevious "h="+ ** + SearchS{r6 + ™"
PressA = Val{PressDis2.Text) 'P3:Uper limit.
sA = Val{EntropyDis2.Text) ‘s3:Uper limit.
TempA = Val(TempDis2.Text) ‘T3:Uper limit.
EntropyDis2.Text = sA + (sB - sA) * (Val(SearchStrb) - PressA) / (PressB - PressA)
TempDis2.Text = TempA + (TempB - TempA) * {Val(SearchStrs) - PressA) / (PressB - PressA)
53 = Val(EntropyDis2.Text)
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T3 = Val(TempDis2.Text}
‘Now this programming can find the property Enthalpy:s3 and T3
End If
Flse 'prassure maich
Table2.Recordset.FindNext *h="+ ** + SearchStr6 + ™"
53 = Val(EntropyDis2.Text)
' 13 = Val(TempDis2, Text)

‘Now this programming can find the property Enthalpy:s3 and T3

If Table?.Recordset.NoMatch Then 'pressnjre match but Enthalpy nomatch.
Table2.Recordsel.MoveFirst
Table2.Recordset.FindFirst "p="+ ** + SearchSir5 + ™
Table2.Recordset.FindNext *h>" + ** + SearchStg + ™
hB = Val{EnthalpyDis2.Texi} 'h3:Lower limit.
sB = Val(EntropyDis2.Text} 's3:Lower limit,
TempB = Val(TempDis2.Text} T3:Lower limil.
Table2.Recordset.MovePrevious
hA = Val{EnthalpyDis2 Text} 'h3:Uper limit.
sA = Val(EnlropyDis2.Text} 's3:Uper timil.
TempA = Val(TempDis2.Text) 'T3:Uper limit.
EntropyDis2.Text = sA + {sB - sA) * (Val(SearchStré) - hA} / (hB - hA)
TempDis2.Text = TempA + (TempB - TempA) * (Val(SearchSir6) - hA) / (hB - hA)
53 = Val{EntropyDis2.Text)
T3 = VaTempDis2.Text)
'Now this programming can find the properly Enthalpy:s3 and T3

End If

End it
End If

"Now this programming can find the property En!hafpy:sﬁl and T3
'Second Exlraction steam.......Assume the porperty is mixture.
's4s = s3 Isentropic Expansion.

'Search hds and T4s by given p4 and s4s(Mixiure).

SearchSir7 = CSti{P4) -

SearchSir8 = CSir(s3}

tf (SearchSir7 <> *) Then
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Table3.Recordsel.FindFirst "p="+ " + SearchStr7 + *
if Table3.Recordset.NoMaich Then ‘Pressue nomatch.
Table3.Recordset.MoveFirst
Table3.Recordset.FindFirst "p>" + ™" + SearchStr7 + ="
PressB = Val(PressDis3.Text) 'P3:Lower fimif,
TgmpB = Val(TempDis3.Text) 'T3:Lower limit.
s8g = Val{EnlropyGDis. Text} 's3g:Lower limit.
hBg = Val(EnthalpyGDis.Texi) 'h3g:Lower limit.
sBf = Val(EntropyFDis.Text) 's3f:Lower limit.
hBf = Val(EnthalpyFDis.Text) *h3f:Lower limit.
Table3.Recordset.MovePrevious
PressA = Val(PressDis3.Text) 'P3:Uper limit.
TempA = ValTempDis3.Text) 'T3:Uper limit.
sAg = Val(EntropyGDis.Text) 's3g:Uper limit.
hAg = Val{EnthalpyGDis.Text) *h3g:Uper Hmit.
sAf = Val(EntropyEDis. Text} 's3f:Uper limit.
hAf = Val{EnthalpyFDis. Text) ‘'h3{:Uper fimil.
EntropyGDis.Text = sAg + (SearchSt7 - PressA) * {sBg - sAg) / (PressB - PressA)
EntropyFDis.Text = sAf + (SearchStc7 - PressA) * (sBf - sAf) / {PressB - PressA)
EnthalpyGDis.Text = hAg + (SearchStr7 - PressA) * (hBg - hAg) / (PressB - PressA)
EnthalpyFDis.Text = bAf + {SearchStr7 - PressA) © (hif - hAf}/ (PressB - PressA)
TempDis3.Text = TempA + (SearchSte7 - PressA) * (TempB - TempA) / (PressB - PressA)
sG = Val(EntropyGDis. Text)
sF = Val(EntropyFDis. Text)
hG = Val{EnthalpyGDis.Text}
hF = Vai(EnthalpyFDis. Text)
X = (Val(SearchStr8) - sF) / {sG - sF} 'x=quality of steam.
hds = hF + x * (hG - hF) 'Enthalpy of hds,
T4s = Val(TempDis3.Text)
h10 = hF ' Assurme h10 = Saturale liquid
*Now this programming can find the poperty hds and T4s
Else * pressure match '
sG = Val(EnlropyGDis.Text)
hG = Val(EnthalpyGDis.Texl)
sF = Val{EntropyF Dis.Text}
h¥ = Val(EnthalpyFDis.Tex{}



x = {Val(SearchStr8) - sF) / (G - sF) "x=quality of steam.
h4s = hF +x * {hG - hF) 'Enthalpy of hds.
T4s = Val{TempDis3.Text}
hi0 = hF ' Assume h10 = Saturate liquid
'Now this programming can find the popery hds and T4
End I
End [f

‘Now this programming can find the poperly hd4s and T4s
h4 = h3 - nT* (h3 - hds) 'nT = Steam turbine efficiency.

"To be continune this programming want to find the property Enthalpy:s4 and T4
'Then search s4 and T4 by given h4 and P4 (Mixture).
SearchSir9 = CStr(P4)
SearchStr10 = CStr{h4)
If (Search3tr9 <> "} Then
Table3.Recorasel. FindFirst "p="+ "* + SearchStrg + ™
If Table3.Recordsel.NoMatch Then *Pressue nomatch.
Table3.Recordset.MoveFirst
Table3.Recordset. FindFirst "> + " + SearchStr9 +
PressB = Val(PressDis3.Text) ‘P4:Lower limit.
TempB = Val{TempDis3.Text) ‘Td:Lower limit.
sBg = Val{EntropyGDis.Text} 'sd4g:Lower limit.
hBg = Val{EnthalpyGDis.Text} hdg:Lower limit,
sBf = Val{EntropyFDis.Tex!} 's4f:Lower limit.
hB8f = Val{EnthalpyFDis.Text) *h4f:Lower limit,
Table3.Recordsel MovePrevious
PressA = Val(PressDis3.Text} 'P4:Uper limit.
TempA = Val{TempDis3.Text) 'T4:Uper limit.
sAg = Val(EntropyGDis.Text) 'sdg:Uper limit.
Ag = Val(EnthalpyGDis. Text} ‘hdg:Uper limit.
sAf = Val(EntropyFDis.Text) 's4f:Uper limit.
hAf = Val(EnthalpyF Dis.Text} 'h4f:Uper li:ﬁit.
EntropyGDis.Text = sAg + (SearchStrd - PressA) * (sBg - sAg) / (PrassB - PressA)
EntropyFDis. Text = sAf + (SearchStrd - PressA) * (sBf - sAf) / {PressB - PressA)
EnthalpyGDis.Text = hAg + (SearchSir9 - PressA) * (hBg - hAg)/ (PressB - PressA)
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EnthalpyFDis.Text = hAf + (SearchStrd - PressA) * (hBf - hAf) 7 (PressB - PressA}
TempDis3.Text = TempA + (SearchStrd - PressA} * (TempB - TempA} / (PressB - PressA)
sG = Val(EntropyGDis.Text)
sF = Val{EntropyFDis.Text)
hG = Val(EnthalpyGDis.Text)
hf = Val(EnthalpyFDis.Text)
x = (Val(SearchStrid) - hF} / (hG - hF} 'x=quality of steam.
EntropyDis3.Text = sF + x * (sG - sF) 'Eniropy of s4.
T4 = Val(TempDis3.Texi)
s4 = Val{EntropyDis3.Text)
'Now this programming can find the poperly s4 and T4
Else * pressure match
sG = Val(EntropyGDbis. Text)
hG = Val(EnthalpyGDis.Text)
sF = Val(EntropyFDis. Text)
hF = Val(EnthalpyF Dis.Text)
% = (Val{SearchStrid) - hF} / (hG - hF} 'x=quality of steam.
EntrepyDis3.Text = sF + x * (sG - sF) 'Entropy of s4.
T4 = Val{TempDis3.Text)
54 = Val(EntropyDis3.Text)
'Now this programming can find the poperty s4 and T4
End If
End If

‘Now this programming can find the poperly s4 and T4
'Third Extraction steam....... Assume the porperty is mixture.
$55 = s4 'Isentropic Expansion.
'Search h5s and T5 by given p5 and sbs
SearchSir11 = CSir(Ph)
SearchStr12 = CStr(s4)
If (SearchSir11 <> ™) Then
Table3.Recordset.FindFirst p="+ "" + SearchSir11 + ™"
If Table3.Recordsel.NoMatch Then ‘Pressﬁe nomatch.
Table3.Recordset.MoveFirst
Table3.Recordset. FindFirst p>" + ™ + SearchStri1 +
PressB = Val(PressDis3.Text} ‘P5:Lower limit,



TempB = Val(TempDis3.Text) 'T5:Lower limit.
sBg = Val{EntropyGDis.Text) ‘sbg:Lower limit.
hBg = Val{EnthalpyGDis.Text) 'h5g:Lower limit.
sBf = Val(EnfropyfDis.Text) 'sSf:Lower limit,
hBf = Val({EnthalpyFDis. Text) *h5f:Lower limit.
vBI = Val{VolumeFDis.Text) 'véf:Lower limit.
Table3.Recordset.MovePrevious
PressA = Val{PressDis3.Texi) 'P5:Uper limit.
TempA = Val{TempDis3.Text) ‘TH5:Uper limit.
sAg = Val(EntropyGDis.Text) ‘s5g:Uper limit.
hAg = Val{EnthalpyGBis.Text} ‘hbg:Uper limit.
sAf = Val(EntropyFDis.Tex{) ‘s5f:Uper limit.
hAf = Val{EnthalpyFDis.Text) 'h5t:Uper limit.
vAl = Val(VolumeFCis.Text} 'v6f:Uperlimit.
EntropyGDis.Text = sAg + (SearchStr11 - PressA) * (sBg - sAg) / {PressB - PressA)
EntropyFDis.Text = sAf + (SearchStr{1 - PressA) * (sBf - sAf) / (PressB - PressA)
EnthalpyGDis.Text = hAg + (SearchStri1 - PressA) * (hBg - hAg) / (PressB - PressA)
EnthalpyFDis.Text = hAf + (SearchStri1 - PressA) * (hBf - nAf) / (PressB - PressA)
VolumeFDis. Text = vAf + (SearchStr11 - PressA) * (vBf - vAf) / {PressB - PressA)
TempDis3.Text = TempA -+ {SearchSir11 - PressA) * (TempB - TempA) / (PressB - PressA)
sG = Val{EntropyGDis.Text)
sF = Val(EntropyFDis.Text)
hG = Val(EnthalpyGDis.Text)
hF = Val(EnthalpyFDis. Text)
x = (Val{SearchStr12) - sF) / {sG - sF) x=quality of steam.
EnthalpyDis3.Text = hF +x * (hG - hF) 'Enthalpy of hs.
T5s = Val{TempDis3.Text)
h5s = Val(EnthalpyDis3.Texf}
h6 = Val{EnthalpyFDis.Text) 'Assume state 6: sat liquid
vB = Val(VolumeFDis.Text) 'Assume state 6: sat liquid
‘Now this programming can find the poperty hSs, T5s, h6 and 56
Else ' pressure maich
sG = Val(EntropyGDis.Text)
hG = Val{EnthalpyGDis.Text)
sF = Val{EntropyF Dis.Text)
hF = Val(EnthatpyF Dis.Text)
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x = (Val(SearchStri2) - sF) f {sG - sF) 'x=quality of steam,
EnthalpyDis3.Text = hF + x * {hG - hF) 'Enthalpy of h5s.
T5s = Val{TempDis3.Text}
has = Val{EnthalpyDis3.Text)
h6 = Val(EnthalpyFDis.Text) 'Assume state 6: sat liquid
v§ = Val(VolumeFDis.Text) 'Assume state 6: sal iquid
‘Now this programeming can find the poperly h5s, T5s, h6 and s6
End if
Eng If
‘Now this programming can find the poperty hbs, T5s, h6, s6 and v6
n5 = hd -nT * {h4 - hbs) 'nT = Steam turbine efficiency.

‘Now the programming can find ali poperly in steam turbine:h2,h3,h4 b5 and hé,h7
h7 = h6 + v6 * (P7 - P5/ 100} * 100 / nP2 'Assume P6=P5, Constant Pressure.

‘Energy Calculated System Flow Diagram
WT=E/0.97
mi5 = QD * 1000 / 2427.2 'Process steam, Fixed infet and cutlet condition (2427.2kJ/kg)
m13 = m15* (2762.4 - 472.7) [ (h3 - 472.7) ' Mass + Energy balanced at point B, h15=2762.4 kdfkg
m2 = [nputBox(*Enter frist value m2°} * 1000 / 3600 “on/hr
Do
mi7 = m2 + m15-m13 ' Mass balanced at point B,

mi2 = (mi7 *461.3-m15*335.2 - m17 * 324.9 + m15 * 324.8}/ (h3 - 324.9} 'Energy balanced at fead water
storage,Fixed h17=461.3kJ/kg, h12=h3

md = mt7 -m15 - m1i2 ' Mass balanced al feed waler storage

h8 = h7 + 134.373 f m9 ‘Energy balanced at gland condenser Fixed hG1=3151.1 kd/kg hG2=408.8 kJ/Kkg.



m3 = nm12 + m13 ‘Energy balanced at point A.
m4 = m3 * (324.9 - h8} / {h4 - h10}  Energy balanced at LP Preheaer.
mt1 = m4 + 0.049 * Mass balanced at point C, Fixed mG = 0.04%kg/s
ni1 .: {h10 * m4 + 20.0312) / m11 'Energy balanced at paint C
m5 = m9 - m11' Mass balanced at condenser, mg=mé
'Now this programming can already find every properly in sysiem.
mm2 = (WT * 1000 + m3 *h3 + m4 * h4 + m5 * h5 + 0.049 * 3151.1) / h2
DEF = Abs{mm?2 - m2}
mz2 = mm?2

Loop Until GEF < 0.00001

QB =m2"* {(h2-471.4)/ 1000

nCO={E+QD}* 100/QB

Load Qutput2

Qutput2.Show

End Sub
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Private Sub Cormmandt_Click(}
Dim IRR, i, C, CC As Single
€ = 260.4 'Capitat Cost
G = GDis.Text 'Gross lncome
OM = OMDis.Text * Operation & Maintenance Cost
FX = FXDis.Text 'Fixed Charge Capatiaf Cost
FC = FCDis.Text 'Fuel Cost
L = EBis.Text * Economic Life
i=0.01 'InputBox{"Insert first interest”) / 100 * First interest = 1%
Do
i=i+0.001
'Capital Cost = {(GHOM+FXHFCY(P/A, i%, 10} + (GHOM+FCH{(PIA, 1%, 10)(P/F, i%,10}
CC=(G-OM-FX-FC)* ({1t +D ~10- /(1 +D " 10) +{(G-OM-FCY*{((1 + D~ 10- 1)/ ({1 + )~ 10} * (1
+i) ™10}
If CC < C Then
CC2 = CG ‘Uper limit Capital Cost
i2 = 1* Uper fimit RR
x=1
Else
x=0
End If
Loop Until x = 1 'go te top of the loop
i1 =i2 - 0.001 'Lower limit IRR
CCi=(G-OM-FX-FC}* {(1+H) ~10-1H/ (M * (1 +i)~ 10+ (G-OM-FC)*{{1 +it) ~10- 1)/ {(i1* (1 +i1) *
10)* (1 + 1) ~ 10)
‘Lower limit RR
IRR =it +(i2-ii}* {C- CC1)/{CC2 - CC1)
fRRDis.Text = IRR * 100

End Sub
Private Sub Command?2_Click(}

End
End Sub



Private Sub Command3_Click(}
Dim IRR, i, C, CC As Single
C = 1041.6 'Capilal Cost
G = GDis.Text 'Gross Incoma
OM = OMDis.Text ' Operation & Maintenance Cost
FC = FCDis.Tex! 'Fuel Cost
L = LDis.Tex{ * Economic Life
i = 0.01 'InputBox{"nsert first interest’) / 100 ' First interest = 1%
Do
i=i+0.001
‘Capilaf Cost = (GHOM+FX+FC))(F/A, i%, 20)
CC={G-OM-FCI* {(1+i) ~20- 1)/ {i*(1+0) ~20)
It CC < C Then
CC2 = CC *Uper limit Capital Cast
i2 =i'Uperlimit IRR
x=1
Else
x=0
Endg If
Loop Untit x = 1 'go to top of the loop
i1 =i2 - 0.001 'Lower limit IRR
CCt=(G-OM-FC)* ({1 +i1) ~20- 1}/ (ti *{1 +1i1) ~ 20)
‘Lower limit IRR
IRR = i1 + {i2-11) * (C - CC1) / (CC2 - CC1}
IRRDis.Text = [RR * 100

End Sub
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