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ABSTRACT

Accordmg to existing statistics, the demand for electric energy in Iran durmg the last decade
has had an accelerating rate. Such rate has forced the energy polticians of Iran to plan for
mstallation of new power plants. When talking about the development of power generation,
the different technologies of power plants shall be evaluated to manage the governmental and
private capital toward the most desirable technology. Because of its multi-criterion nature,
evaluation of remewable technologies of power genmeration shall be preferably done usmg
multi aspect decision makmg methods. In this paper the Merit Rate, a powerful tool for
decision makang, has been utilized for evaluation of nme types of power plants in comparison
with each other.

INTRODUCTION

Economuc substructures are highly related to energy and any upheaval m energy mdustnes
has a direct effect on econonuc growth and development of human societies. Among the
different types of energies, electrnicity has a special place.

Many studies have been performed m Iran regardmg the power generation industry.

Most of them were focused on technology development and technology transfer. Therefore,
a research that assesses the different type of technologies. with respect to the economic and
emronmental criteria, can lead to new policies in this mdustry (Shirzad Sibem, Norouzi, &
Sadeghian, 2006).

Moreover, taking into account the linitations and mortahty of fossil fuels and growmg share
of renevwable energies m the world, as well as the suttable potential of the Iraman geography
for utihzation of renewable energy resources, lnghhight such a research.
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ith respect to the considerable share of electrnic energy i the total consumpton of different
tvpe of energies, attention to diversity of elecimc generators has a noticeable 1mpeortance.
Nowadays, many studies are concentrated on the different technologies of renevwabls

energies for generation of electric energy (Abbaspour & Ataba 1994; Gianm Amanabadi
& Maghsoudy 2006; Neovales, Femandez, & Fauz, 20009; Read, 2001). That 15, evaluation of
different types of renewable energies m comparison with fossil-fueled power plants can lead
to discovery of the best altermatre for fossil-fueled power plants m Iran and also create a big
step toward the restnetion of global wamung and the production of greenhouse gasses.

ESTIMATION OF FUTURE DEMAND FOR ENERGY IN IRAN

Accordmg to Unated Nations estimations, Iranian demand for energy will reach from 690
Million Barrel Onl Equivalent {mboe) m year 2000 to 1695 mboe m year 2020 (Atomuc
energy Organization of Iran [AFOT], 2002; Tatvana, 2000). That 15; with 4. 4% ammual rate of
mcTeass, the energy consumption durmez the future 10 vears will experience an up to 160%
ncTeass. Smmce a considerable share of this energy will be 1n the demand for electnierty, a
comprebensra plan for development of generation capacity shall be prepared (Abdoh &
Ehamsel, 2007; Porkhial & Eahrobaeian, 2004). The upeomung evahiation will shew which
kind of technologies has more preference when taking mioc account the economme and
emronmental criteria.

ECONOMIC EVALUATION

Because of nult-criterion mature of economec evaliations, evaluation of renewable energes
shall also be performed by Mult Attribute Decision Makmg (MADM) methods. In this paper
nme type of power plants consisting of 5 renewable technologies meludme Wmd, Solar,
Bromass, Geothermal and Hydro-Power Plants and 4 Fossil-Fueled ones meluding Eum]:rmed
cyele, GE.E. turbme, Dhessl and Nuclear-Power Plants, for whech statistical data wrere availabls,
are studied. For economac evaliation 30 economuc critenia related to power plants were histed
n a questtonnamre which has been submitted to professionals and meestor of this field of
mdustry so that each critenion can be vweighted. Then mine the most weighted criteria, wioch
aftervrard would be the base for economuc evakiation, were mamtamed Then the raw weights
were mported to Expert Chowe software so that the nommabized weight 15 achieved using
Amnalvtical Hietarchy Process (AHP) alzornthm The statistical +alae of each parameter for
each type of power plant has been gathered and a 9%9 matrix has been achisved. Then the
normabzed weight ector 13 auzmented to the matrx apd finally the resulted matrx =
subjectad to Mart Rate algorithm

INTRODUCTION TO MERIT RATE ALLGORITHM

In the MA decrsion makms theory the amm 15 to select the most desmable choee when more
than one crterion 15 affectmg the decision Dhfferent methods are miroduced to process the
decrsion makmg accordmg to the above mentioned manner. One of the most effectrie and
preciouns methods s Ment Rate algorithm which first was miroduced by Seved Hossema
(Seyedhossemi, 2(06). This methed based on the followme prmerples:

1- Comparison of each smgle pair of alternatres and then rejection of the least fironite
cholce 1 each step.

2- Presentation of the preference of two alternatives m a rational mimber.

This method has the advantage that there 15 no need for the critenia to be compared on the
Same measurmg umnit.

In this algonthm all the weights are normalized usmg the AHP teclmique (Seyvedhossemi,
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2009, Then all the quantitat-e or qualitative critenia for each altemative form an augmentad
matree, the leftmost columm of whech consists of normalized weights vector. Table | shows a
typical form of the matrix:

TAELE 1. THE PARAMETERS USED IN MERIT EATE ATLGORITHM

Alfemanves
CIHETiA Momalized vedpht
S R R
Criterion] ™, al,, al . al
Criterion? ™ at,; a’ ar,,
Criterion m ™ Am, A, am,,

In the abore table, i 1s the number of altermatives and m 15 the number of eriteria. It shall

be mentioned that in the aboe table the weights w; are derred from AHP method and the
parameters amy, ,, are derived from valhd stafistics and mformation. This table 15 the begirming
of analysis process i the Merit Bate theory. According to the abore table, the preference rate
of alternatr-e x, with respect to x; will be calculated as:

MR -=[algml:] 1+ [a2@2sn] 20 ...« [amyam-] = (1)
1 - ™ 2

MR® == 11 i [ﬁh:,rﬂ'ﬂ-;] k {—:I

In general the preforence rate of 2 alternattes X1 and x, = determined as the followme:
Y o -

MR™ =11 _, [Asfg] & (3)

If the preference ratio ME",; 15 less than 1 then the akematie x; 15 more preferred and

vice versa. Then if the preference ratio of another altermative x, to x; 15 bigger, =, 15 referred
This cham w1ll be contineed upon determunation of the most dommant alternative. Tt shall be
noted that m the table 1 all the sahes melated to cost-natured crteria {(Crferna that are lass
preferred if they bave mgger +ahies) should be muversed. Moreover, all the gualitaire
parameters shall be chanpged by quantitees.

COMPARISON OF POWER PLANTS

As stated before, the altematres were different tvpe of povrer plants as presented m Table 2.
TABLE 2 THE CANDIDATE POWERE PLANTS

X X X b X X X, X X

. L . [ . .
[ Fholkes ol W e Pesiarm Blicgas Dicad ICembined Cyeled e Gaa Taaldas
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normalized wreights are the resuli of AHP process over the raw weights that have been
achieved through the questonnaire whoch was filled by 12 specialists. The AHP process has
been utihzed usmg Expert Choice softwrare. The enteria and ther normalized weights are as
tabulated m Table 3.

TAEBLE 3. THE CRITERIA AND THEIR MNOBMALIZED WEIGHTS

Crileria Mrasmrimg U sl % ger i mighd
Efficieney e w, RS
Juh U reatiom Cimlitive W, o7
Life Tine Years w, DLET
Capiead Casl W W, L]
Enviurmenital E o Crzlisative w, 0260
Repair & Mainteramos Crzlisative We 086
Leadsuditm Posl Wi Wy a7
L2 Emission CirmsiL Wh Ty Lk
Mlaarparad Cust Cenlwk'%h We DUET

As stated before the normalized weights are determmed wsmg Expert Choice® softmare.
Figure 1 depicts the cutput of the software.

FIGURE 1. DETERMINATION OF NOBMALTZFD WEIGHTS USING EXPERT CHOICE

Cin% L

F]
1= 47
Bl

L41]
Tl
Bl [wactad ]

A

- FofGrabber T
- —
- )
E.l-'- i . 1 I-1 :— o
EJT.__ '-il"- [.I 1 I_- o o -I' 'I.l- ............
: bl HYESTHE FUEL oz DWERALL

In order to perform 324 necessary calculations a code 15 designed m VB envmronment of
MS Excel The code performs serial calculations accordmg to equation (3) and compares
each par mdridually. As a result 36 vulgar fractions will be achieved that shows the result

of comparison of pamrs. The preference factor of each altermatr-e 1 tabulated 1 Table 4:
T 3

Wank | 3 s 8 ] 3 ]
Type of X X .9 X X X X X X
Poer e Cieolherml Hi b

Flani . . B EE T i [ s B - Liashar ] .

IF'.EI':',u Wl PP N PP Hyk PP PF P EP L. PP EF Dicsel PP

Freferomcs | ey | OOEEEET | DTEIADE | 0A0E4IE DLaBIntd 0.A41Taa] 0.35566T 0312652 0 A0EGET
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NCLUSION

The Merit Rate algonthm 15 a very reliable method for decision making m multi-criterion
aspects. In this paper 9 types of power plants are evaluated m comparison to each other. As a
result: wind power plant has been determmed as the most dommant type of power plant with
respect to econonmuc, entironmental and energy criteria.
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