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Abstract-Five possible schclnes have bcen considcrcd Tor incrcasing the clcctricity- 
gcl~cri~tion potential of sugar ~nills, including tllc IISCS of a bagassc tlrycr, canc tr;1s11 to 
opcr:1tc the 111iIl power pIi11it t!uriii~; tile I I O I I - I I I ~ I I ~ I I ~  SC:ISOII i11it1 c11;11igc fro111 !IIC cxi:;.li~ig 
back-pressure turbine to singlc or doilble extr:~clio!~-conllensi~i~ t~~rbirlcs. 17ivc nltcrnu:ivcs 
are compared on the basis of sevcn crilcria: (i)  private-scctor iilvcstmcnt, 
(ii) government-scctor investment, (iii) operating cost of ;lie total generating systc:ii, 
(iv) SO2 emission from the powcr plant, (v) cmployrncnt gcncration, (vi) dcpci~dc~icc on 
forcign assistance, and (vii) local avtiilabi~it~ of tlic system components. A tlcci:;ion 
analysis (Analytical I-fierarcl~y Proccss, ,4111') is usctl lo show that tlic siiiglc alld doublc 
extraction-condensing turbine systcms are prefcrrccl bccausc of rclaii;.cly low govcrnnicnt 
invcstrnent, operating cost and SO, cmission. 

Thc Electricity Generating Authority of Thailand (EGA'T), a state cntcrprisc rcsponsiblc for 
electricity generation for thc wholc country, forecasts that ihc a1,cragc annual growth of 
clectricity dcmand will bc 725 MW during thc pcriod 1992-1996 and 800MW dt:ri~:g 
1997-2001.' To  keep pace with thc increasing dcmand, EGAT has to spcnd approxilnalcly 4 
billion dollars during the next 5 Since this level of invcstmcnt will takc an unacccpta0ly 
large part of thc thtal foreign borrowing, the govcnmcnt plans to cncouragc p;~rtic.ipn;ion of thc 
private sector in electricity gcncration. Anlong the various tcchnology opticns for thc priv;itc 
scctor, cogeneration appcars to bc thc most il~tcrcsting tcchnology cluc to its very 1ii;;h 
fucl-utilization eficctivencss. 

Sugar mills, where expertise and equipment for electricity gcneration alrcady cxist, ;lppcar to 
bc in a particularly advantageous position to participatc in thc privatc powcr-gcncration 
program. At prescnt, there a c  46 sugar ~nil!s in Thailand with a total cnpacily of 338,003 tons 
of cane per day.4 The i i b e ~  part,,delivercd from the milling of sugar canc is bagassc 2nd is 
normally used to procluce steam for proccss heat and e!cctrlcity gcncration. 

The bagasse is approximately 30% by weight of the crushcd cant.' Uascd on thc total annual 

, cane production of 36 million tons,%oughly 12 million tons of bagasse wil! bc produccd pcr 
year. About 90% of thc bagassc is uscd to gcncratc hcat and powcr lor thc factory a:~d o;i!y 
10% will bc availablc for additional clcctricity generation. According to a ~nodc!' bascd o n  
actual data for 32 sugar mills, i t  should be possiblc to obtain up to 25% surplus bagasse will1 
minor modifications. This estimation was confir~ned by a trial program ;it llic I'ctch Sugnr IvIill 
during thc milling scason of 1989-1990." Thus, n total of cxc.css 1,;ignssc of about 2.7 inillion 
tons could be availablc lor privatc electricity gcncration. 

In addition to bagasse, thcre is also a large amount of cilne trash, i.e., cane tops and. Icavcs, 
that could be used as a supplementary fuel. T;.c canc trash, amounting to about 8.6 miiiion . , 

tonslyr,' is at present left in thc field without burning. Trf this study, fivc altcr~lativcs to illcrcase 

f'ro whom aii corrcspondcnce shouid bc addicssed. 
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, .I.., ,. ,, gcncriltion c:lpacity of sugar mills arc considered. Tllc surplus clcctricity from tile I~I,,,., 
. .a. - 

..,.:Id bc sold to  the utility grid to  lower the expanb :~n  rate of EGAT.  

'TliE A L T E R N A T I V E S  

. , , 'i:i~.rna:i*dc~ Co: improvement of sugar-mill operation are considered. ji) 'Gic ",.. . 
is the nornlal operation of t!lc existing sugar mi!ls power plant. A t  present thc sugar lnills are 
us::;rl!y connected to  thc grid. Thcrcfore, if tlicre is any surplus electricity, they can sell to  the 
gricl. (ii) The  bilgusse tlryitlg systern leads to  inlprovcn~ent of the ef[iciency of the power plant 
of the sugar nii!I by dccrcasing thc moisturc content of the bagassc fired in the existing boiler. 
(iii) Tlie cane-trash systern is used to  extend the operational period of the sugar-mill power 
plant into the non-milling season. After the available cane trash is consumed, the mill will stop 
cperation for annual maintenancc. This system would rcquirc equipment to  collect the cane 
:rush iionl thc sugar-cnnc Iields and a fucl-preparation unit. (iv) The  SECST system will 
rcpl;~cc: existirig power-plant system with a new high-prcssure boilcr and a single extraction- 
cofidensillg steam turbine \\41ich can supply process stcam at 1.5 bar while some of the old 
boilers still remai :~  to supply stcam at 17 bar. During tlic non-milling season, the old boilcr will 
no: operztc and tile new cstraction-condensing stcam turbine will run at  a fully condensing 
n:ode. In vicw of thc vcry Iiigh iaves t~ncnl  cost, it is proposcd to operate thc systcm during tlie 
non-miiling season, as  wcll using cane trash as a fuel. (v) T h e  DECST system uses 
high-prcssurc boiicrs togcther with a cloublc extraction-condensing steam turbine to  replace all 
of !!lc existing low-efficiency power plant. T11e new power plant will run in tlie fully condensing 
mudc durirlg the  non-milling season using cane trash us a fuel. 

T l l E  H I E R A R C I I Y  S T R U C T U R E  

I:rom tllc govcrnmcnt's pcrspcctive, it is ncccssnry to consider not only the financial aspccts 
of a project but also thc effect of the project o n  society and the environment. Thus,  thc 
decision analysis should tuke into corlsidcration econonlic, social and the environmental 

D i n p x t s  of the projcct. Tiic-hierarchy structure is illustrated in Fig. 1. 
- .-' -\ 
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Fig. 1. Thc l~ierarcl~y st:ucrure o l  tlrc study. 



r ", . 1 punlcr-gener:~tion ;~ltcrnati./es consideicd are compared on the basis of costs for private 
invcstrne:lt, G~A?*Investmc!lt and annual cjper3ting ost. (i) Tile private invesfmenf represents 
tllc i1;:provcrnent cost for the 46 sugilr milis in 'II!ailand in ordcr to apply the alternative. 
( i i )  The ECA?' kluc.s:~rzcnl represents tile govcrnment's investment in the power sector to 
provi:ie adcquatc eicctrici~y to maintain thc 1:igh economic growth rate of the country. 
(Iiij ';'iic c;zen:ii!:g cost covers both the private 2nd EGAT on a yearly basis. The operating 
cost of the system is an important factor that indicates the econonlic feasibility of a project. 

Gluiro~immtal ir?;,vccf criteria 

0::lp SO2 c:nission of the power plant will be co~isiclered to assess the environmental impact 
of i i ~ ~  dillcrcct alternatives. 

Soc'ui irtlpccr criteria 

'The social i111pact is the most diliicult part in the trade-00 analysis. Three sub-criteria have 
bcc:~ consldc;cd: (i) Thc errlployment generatior1 of the sugar mill will rcduct. the movement of 
low-!cvcl workers from rural to urban areas which causes problems in the cities. (ii) The 
.Iq:m:lk~!cy i::dcx is 3 measure of the extent of dependency of a power-generation system on 
forcign assistafice. A preferred system should be easy to operate and maintain without foreign 
:~ssistnncc. This criterion vlould bc particulariy important at times of crisis. The dependency 
indcx Is siven on a 0-1 scaic. Tllc experienced engineers from both EGAT and the sugar mill 
werc asl;cc! to eva l~a t c  the depcndency index for cach alternative. (iii) The local uvailubility 
itrder rcprcsc:::s tile :ac:il availability of tllc comporlents of a power-generation system. A 
prcfcrrcd system shou!d have a high vi~luc of this indcx sincc the use of local components 
wouX promotc local illdustry and save foreign exchnnge. 

1 

A CANE-TItASI1 SYSTEM 

Aftcr cane harvesting, the cane trash will be allowcd to continue to dry for 4-6 days. The 
muistu;~ coctent of tile cane trash will drop from 50 to 30% or less." The cane trash will then 
kc coilcctcd and put into u baler that is pullcd by n hircd tractor. Tlie baled cane trash will be 
rllovcd to nn outdoor stor5ge site with a hydrnulic loader. When needed, the bales will be 
transported to the mill, o p e n 4  and shredded into uniform small pieces and fed into the 
buiic1.s. 

Privllte inves:r~rent 

,I'l~c i~lvest~nent in t1:c private sector frills into the two categories field and mill-modification 
ccluipn~cnt. 1:icld equipment consists of a raker, baler and hydraulic loader. The estimated cost 
for each is prcse~fted in Tablc 1. It is convenient to consider the field equipment per set of 
bale:, wl~ic!; consist of otle raker, one baler and a loader shared by two balers. The cost per set 
oE !hr: b;i!cr is US$ 19,309. Tile estimated baler collecting capacity is based on actual 
obsc:vations'\ai~d i.; given in Table 2. In order to use :he baled cane trash as a fuel, the mill 
mc;; !lave adcii:io~:al fuel-preparation equipment, which includes a bale processor to open the 

'fable I .  Estin'la~ed fi-Id-cquiprrlcl~t costs (i t1  If69 US$); 
source Refs. 1 I .  12. 



T;ii>lc 2. .I'iic !icltl c:~i);icity of cinc-trash co:lc~::ii:g 
~ l l U i l l l ~ ~ n i ;  source I k f .  13. ,, 

canc-trash balc, a slircddcr to shred tllc crlnc trasli to small pieces, and a grilitlc~ for furthzr 
sizc reduction. Thc estimated costs nrc ~liown in Tablc 3. 

Assuming linear relation, t!ic cost of t!rc fucl-preparation sysicln is US$ 2520 pcr 
1 tonlh of capacity. Thc instzllcd cost of tlic fucl-prcpnration systcni is cs!irr:atcd as US$ 
4230 per 1 ton/h of capacity. The i~ivcstniclit for ?he cnnc-trash system in a!l 46 s::gar ;:ii!ls is 
US$ 27 million. Tlie efficiency of the sugar mill power plant, using car:e trash as a 
supplementary fucl, was cvaluntcd. ?l:e ovcrnll potential for clcciricity gcncration from canc 
trash in Tliili sugar lilills is 2i40 GWh. 

Thc annual pcak dcn~and of EGIZT will bc incrcascd by 725 MW, and :!ic incrcasc in cncrgy 
dcmand is 4950 GW,h pcr ycnr. EGAT proposcs to install a gcnera:ion ci~pacity of 934 hiW 
annually. Tlie cxtra capacity is :o sul;sti:utc lor somc old powcr pl;ll;ts t!?;:: linvc to bc rc!Ircd 
and to incrcasc the rcscrve capacity of EGr\T which is below thc dcsirccl slanc!nrtl.' I f  :he 
privatc scctor cannot supply tlic clcctricity :o thc grid, EGAT must cs;>r:ild i;s ~cncs::iion 
capacity. On the otlicr hand, i f  thc privatc scctor can supply a part of thc i;lcrcasc in dcmrrnd, 
EGA'T's responsibility is ol~ly to supply the rcst. 'rhc averagc cost for ;I powcr pla;il will1 zc1.o 
tax, proposcd by EGA'T, is US$ 801,600 pcr MW of i~ist:~llcd capacity.' From tlic dct;~i!ccl 
calculation for 46 Thai sugar mi!ls, t!ic total ~encration capacity wi:h tl:c canc-trash sys:cm wili 
bc 313 IMW and the clcctriciiy gc!;cration 2i.10 GiYli. EGAT will :i:cn l ~ a ~ , c  !o ii;s:r;i: :!:c 
additioual 421 MW and producc 2810 GWit at a ccst of about 498 riiillion cfoll;!:~. 

I 
Operatiorl cost 

Tablc 4 illustrates thc cstimatcd opcrating cost for the p:iva!c scctor. T1:c to:,:; ::pcr;!ri:;g 
cost for 46 sugar mill is 51.4 millior, dollars pcr ycar. 

Thc operating cost for an EGAT powcr plant varics from plant lo pln:lt. 'I'!;e avcrngc 
operating cost is US$ 30,610/GWl1'\iiid llic total opcrating cost lor 2810 GWh is 86.0 niillioii 

.- dollars. 

Tllc calculated SO, cmission is bascd on thc actual amount of clcctricity generation Trom 
each typc of EGAT power plant. Tablc 5 illustrates the SOZ crni:;sions from llle various typcs 
of powcr plants. 

Titblc 3. T l ~ e  cstimntcd price of fuel-prcp:lmtion cqlli:irncnt (in 1989 US$); source 
i<cf. 14. 
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I~lcrcasing thc clcctricel gcncration capacity n f  'l'hni st:gnr mills 

Ficic! ia!m cost 
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The employment of EGAT power plants is evaluatccl for the prcsc:lt and !r:ojcctc.d 
n e e d ~ . l ' - ~ ~  The average n ~ m b c r  of EGAT c~~;ployces per hIW of zcncra t ic~  c:;p:?ci~y is 4.53. 
Thus, thc additional number of cmployccs nectlcd is 3310, whicli is crl::iv;~lc~:: to ! .2 rnii;iori 
man-dayslyr. The employment in tlic privatc scctor inc!udcs tl;c ficIii workcrs \,\li~o collcct 31:d 
transport the balcd cane trash and thc adrfitional workcrs who Ilandlc tlre fuci-prcpar;~!ion 
systcm. According to Rcf. 21, thc riunlbcr of pcoplc nccrlcd to collcct cr~r,c ti::sh in tl:c !':c!r! is 
1 man-day for 5 tons of cane trash. Thercfore, :!lc tolal. additional cl?lploy!nc.nt in sug;lr-canc 
ficld is 1.1 lnillion man-dayslyr. Tlic numbcr of workcrs ncctlctl [or ti;c powcr-j?lnnt scc!ion of 
the sugar mill isZZ 132 for a large mill and 105 for n smail i:~i!l. Thc tot;il numbcr o.r riecdcd 
workers in all of  thc mills is 2.2 inillion man-c!aysiyr. Thercfore, thc tot;tl czri4oymcni for :{:is 
alternative is 4.5 million man-dayslyr. 

Foreign-dependcncydccy irrdcx 

The foreign dependency is calculntcd for each altcmativc allcl c:ich sub-componcr,t. I'!lis 
dependency is weightcd according to capital invcst~ncnt and cvaluatcd Ily t1:c sugar-mill ai;d by 
EGAT engineers. The indcx for both tile private scctor and EGAT is divitlctl i~:to inst;~il;~tiun 
and rnaintcnance components, with each part givcn a wcigilt of 0.5. It ]:as bccr, Tot;n\! [:I;:: !:i: 

installation gf an additional fucl-preparation system requircs strong forcigr! nssis!;i:lcc (0.0) 
whilc maintcnancc rcquircs littlc assistancc (-0). On t!lc othcr hznd, EG .AT ~:ccds : m r c  
foreign assistancc during inst:~llittio~~ (0.75) and also somc assista:lcc (0.15) rlu:ing main- 
tenance. The sample calculation for the forci~n-dc,ncndcncy inricx is shown in Tablc 6. 

Local availrbilify index 

The local availability of each alternative is considcrcd compbnent by coml)ol:c~;t n ~ l r i  
weighted by the in~zstmcnt costs of thc private scctor and ECirlT. 'l"21c availability of thc 

- -'+ 

Table 5. Thc  SO, cmissioti from power plants; sourcc 
ilcfs. 17- 19. 

Blc~tr ici~y I SO, Emission 
Powc: Plant (i~ib'vcnr 1 L O I ~ / S ~ ~  

Hydro 
Durtkcr od 
Dicscl od 
Natural gas 
Ligaiic 
Pu:cltascd 
Privalc scctor 

ToU1 

3 15 
250 

1 
1,603 

597 
44 

2.140 - 
4,350 

0 
3,420 

-0 
-0 

62,327 
0 

-. 18.450 

84,127 
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Table 6 .  The dependency index of the cane-trash system. 

Table 7. The availability index of the cane-trash system. 

Sub-component 

Cane Trash system 
- installation (0.5) 
- maintenance (0.5) 

EGAT power plant 
- installation (0.5) 
- maintenance (0.5) 

components for the cane-trash system is 0.9 and that of the EGAT plants is 0.4. The 
availability index is given in Table 7. 

Percenuge by 
investment cost 

4.8 

95.2 

C O M P A R I S O N S  O F  ALTERNATIVES 

Dependency ~ 

index 

0.048~0.5~0.6 = 0.014 
0.048x0.5xO.O = 0.0 

0.952~0.5~0.75 = 0.357 
0.952~0.5~0.15 = 0.071 

Total dependency index 

Availabilrty index 

O.OQ8xO.9 = 0.043 
0.952x0.4 = 0.381 

= 0.424 

Sub-component 

Cane aash system 
EGAT power plht  

The results of our analysis are shown in Table 8. For the base case (alternative I), no private 
investment is needed while EGAT's investment is the highest at US$ 749 million. For use of 
tde DECST system (alternative 5 ) ,  the private sector investment is US$ 1796 million while 
EGAT needs no investment at all. The foreign-dependency index for the fifth alternative is the 
highest because high-pressure boilers and a double extraction-condensing turbine need to be 
installed at the sugar mills. Employment generation is high for the third alternative because the 
existing sugar-mill power plants are used during the non-milling season. The older power plants 
require many workers to operate the system. 

.- 

= 0.442" 

Percentage by 
investment cost 

4.8 
95.2 

- \ 

THE DECISION ANALYSIS  

Total availability index 

Five decision makers (DM) were interviewed consisting of the representative each from 
EGAT, sugar mill, National Energy Administration, Office of Cane and Sugar Board and an 
energy engineer. Thus decision maker have been designated DM1, DM2, DM3, DM4, and 
DM5 respectively. The decision analysis was conducted according to Analytic Hierarchy 

Table 8. Comparison of the selected alternatives. 

canenash 
system 

27 
498 
137 
84 

4.5 
0.44 
0.42 

2,140 

Sub-criteria 

Rivate Investment MUSS 
EGAT Investment MUSS 
Operating Cost MUSS/y 
SO, Emiss~on k tody 
Employment IM-blan-day/y 
Dependency Index 
Availability Index 

Electricity potential GWh 

SECST 
system 

1.767 
20 
81 
43 
2.5 

0.68 
0.2 1 

7,732 

DECST 
sysrem 

1,796 
0 

76 
43 
2.4 

0.69 
0.21 

8 .m 

Basecase 

0 
749 
139 
110 . 
2.1 

0.45 
0.40 

388 

Bagasse 
drying 

32 
749 
139 
109 
2.2 

0.43 
0.42 

467 



t DM1 = representative from the National Energy Administration. DM2 = representative from h e  Office of 
Cane and Sugar Board. DM3 =representative from h e  Electricity Generating Authority of Thailand. DM4 = 

, Energy Engineer. DM5 = representative from h e  Sugar Mill. 

Table 9. The overall score for the decision altcrnatives in each alternative. 

Process (AHP) with the hierarchy structure as shown in Fig. 1. The Expert Choice software23 
was used to analyze the result from the interviews. The outputs from the program are 
summarized in Table 9. The result.of the decision analysis can be summarized as follows. 
(i) The most preferred alternatives for all decision makers are the SECST and DECST system. 
The SECST alternative is the most interesting alternative from the point of view of DM1 and 
DM3 while DECST is of the most interest to DM2, DM4 and DM5. (ii) Although the total 
investment, EGAT plus private sector, of the SECST and DECST alternatives are much higher a than the other alternatives, the decision makers considered them as the most appropriate 
alternatives mainly because of the reduction in EGAT investment, lower operating cost and 
much lower SO2 emission. (iii) Most of the decision makers give the highest weight to the 
economic criterion, with some giving high weight to EGAT investment sub-criterion while 
others give high weight to private investment sub-criterion. 

C O N C L U S I O N S  

(i) The base case of private power generation corresponds to the highest EGAT investment, 
operating cost, and SOz emission. It is the least preferred Option of two of the five decision 
makers interviewed. (ii) The bagasse drying system would require only little private investment 
but has little or no difference from the base case in terms of operating cost, SO2 emission, 
employment, dependency and local availability. (iii) The cane-trash system would require the 
lowest total government and private investment and generate the highest level of employment. 
(iv) The SECST system would require a very high level of private sector investment and causes 
the least SOz emission. (v) The DECST system would require the highest level of the priyate 
investment, result in the least SCZ, emission, and is the most preferred system of three of the 
five decision makers interviewed. (vQ, The  maximum electricity generation potential of the 
sugar mills in Thailand is 8006 GWh using the DECST system. 

DM4 

0.200 
0.14 1 
0.176 
0.235 
0.248 

DM3 

0.085 
0.104 
0.117 
0.349 
0.345 

R E F E R E N C E S  

DM5 

0.174 
0.163 
0.210 
0.197 
0.257 

DM2 

0.081 
0.089 
0.1 39 
0.323 
0.328 

Alternative 

Base case 
Bagasse drying system 
Cane trash system 
SECST system 
DECST system 
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