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 ABSTRACT |
Most of the current appro.aohes of technology managenoent eoaphasis on the need of
systeniatic technology management in both strategio and operational persoeotives.
The majority of developing ‘countries have a pfoblem to manage technology
syStemefically and fail to implement management tecﬁniques effectively. There is a big
gap beﬁveen developed. and developing countries in most fields of technology and the
- power generation sector is émong them.
The goal. of this %esearch work -is to develop a conceptual framework for power:
generation technology manegement_ for developing countries. Also to draw a syst:e‘matic
guide lines and _clear strategy to help decision makefs to optimise their decisions to save:
 resources end lesAs harming to climate.

In this work, a systematic approac_h. is developed to select a .soitéble hard technology
for power generation technologies selection usiﬁg the AHP soﬁware. A sensitivity
>an'alysis is carried out to show how the decision is affeCted with the chaoge in criteria -
and sub-criteria. After this objective is achieved, some other soft technologies are
identiﬁed with their limits and integrated wifth’ hard technologies for power generation.

A validation of the proposed model is provided using the questionnaire technique.
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'CHAPTER ONE

INTRODUCTION



1.1 General introduction

Technology plays é major role m the world development especially in develdping

couﬁtries. Therefore, management of technology ‘(MOT). is an important and

challenging issue in develbpiﬁg countries. Managemenf of technology typically

involves 'intégration of different b;)th hard and soft technologies. Some examples of
hard technology include .'special maﬁufacturing toéls, péwer generation technologies, .
machines, ih‘strunients and appliancesv; mainly machine centred. Soft ;céchnology on the

other hand is more human-centred. In the mairi, developed countries appear to have

systematic and integrated approaches to the managemenf of téchnology (Vilaéchi, 2004).

‘However, developing countries continue to face challenges in embracing and managing

technologies (Li-Hu and Khalil, 2006) and (The unido report, 2001).

1.2 State of technology management in developing countries

Acéord‘ing to Hug and Khalil (2004) thré'e countries were under study Nepal, India and -
vBangladesh, there is a need for. technology policy but have failed in vérying degrees,
there was a problem of appropriateness of policy design énd the effectiveness of its
i»mpllication. In Nepal, tkhereb is a lack of indigenous industrial skills and uncoordinated
infrastructure. ‘The lack of consisfent government policy coupled with inadéquate
information network create a serious constrain -on the identification, selection and
technoldgy development. In‘case of Bangladesh, a serious p_ommitment't‘.o technology
promotion has béen missing despite the declaration in naﬁonal plans of fhe need for
promoting technologicél capability in the country. India has made some successful
efforts especially in the atomic energy and space sectors. The Indian govemment has

devised various initiatives to promoté technological capability building but these e_fforts



do not appear to have been effective and conse;quently fall short of coordinating the
_ various actors involved in knowledge production énd knowledge sharing. |

Zhouying (2005) Suggésted, the economic aﬁd technological gap bétween developed
and ~developing countries can largely. be explained by the gaps in levels of soft
technology and soft énvironments between the two sets of countries. Shortage of sth
‘techno‘logy experts is the ‘co'r‘e' problem facing the.Chinese enterpris»es. Too few of them
know about c"omrnclarcial' techniques and business | strategy, including . translating
itechnologies into commodities that would enable tﬁem to coup with the phallengés of
competition in global market. In Brazil, there was very little cooperation between
industry and local universities or training neithef organisation, nor the ‘enterprisés

themselves (Vilaschi, 2004) and (Stacey, 2003).

1.3 Project background and objectives
The above analysis. indicates that, there is a lack of considerations of relevant factors
“that may affect technology management. In rriost cases, those factors are addressed in
isolation aﬁd theré s a need.tO»déyelop an integrated solution by means of linking hard
technology with soft technology for different iﬁdustﬁal organisations at strategic Ievel_.
This research work aims to develop a conceptual ﬁé}mework for the‘fnanagement of
technology at strategic level in developing countriés.
,The objectives of this research work are as follow:
1- Conduct an ekfensiVe literature review of thé fechnology managementvin devéloping
countries.
- 2- Estébﬁsh key indicators of technology stéte and technology capabilities which can be -

used by in policy formulation at national and business levels.



3- Deyelop a methodology to identify, prioritise and select appropriate hard and‘ soft
tecnriologies. ‘

(4) Develop Ia'n integrated conceptual framework Based on the outcomes of (2), (3) to
support the management of .technology at national level. - |
(5) Evaluate the.conceptual framework using a questionnaire method related to the

proposed model for power generation technology.

1.4 The organization of the thesis

This thesis is structured into eight chapters:

Chapter 2 bﬁeﬂy presents the literature study of the research workin the area of power
generation technologies and management of technology for developing countries.
vChanter 3 explains the research methodologies for both soft and harci teclmologies for
power generation for developing coiintrie_s.

Chapter 4 presents the . general model_ of hard technology identification and some
important criteria usedv to identify .the type of hard technology used to generate
electrieity. Also in this chapter, it is explained the 'envir.onmental effects of different
'power generation technologies on the environment. Cost of electrical power generation :
‘using different technologies is discussed. |

Chapter 5 presenté the hzird technology selection using the Analytic Hierarchy Process
(AHP) and shows some important outcome‘ and the sensitivity analysis of the deeision
making process for_p'ower generation technoio gy prioritise.

Chaipter 6 is concerned with technology indicators and the ‘technolo gical capabilities of
some developing eo_untries. This chapter also represents some important aecepted
) indicators recognised by intemational organisations such as UNIDO, UNDP., WB, and

IMF to show and monitor the sustainable development in some countries. These



indicators help Vfor‘ soft technologies identification _relafed to power generation. Here,
~ also pres_ents. the integrétion of hard technologiesv with the soft ones. In ehaptervs‘ixs the
developed conceptual framework is expl'ained and justified.

Chapter 7 describes_ the ValidationA of the AHP model of the power generation
techpologies and how a questionnaire methodolo gy is used to verify the preposed model.
Finally the conclusions andreeommendatidns for the p'oveer generation teeﬁnolegies are

presented in Chaptér 8.



CHAPTER TWO
'LITERATURE REVIEW OF
 TECHNOLOGY MANAGEMENT IN

' DEVELOPMENT COUNTRIES



2.1 Introduction

This chapter discusses some of the pfevious research work. related to different

appreaches, tools and methodologies of technology management in~ developing

countries. | |

The first part is focussing on literature review how to help the decision mai;er in a

developing “country . to decide which technology is most appropriate to generate

electrical poWer taking into account some important criteria. Also, discusses different
electrieal poWer generation technologies includiﬁg fermS of fossil fuels and renewable'
energy methods.

The second part coﬁcentrates on the technology manegement definitions in both forms

of hard and soft technologies. |

“The third part. focuses on research of technology 4ma;nagement' in power generation

sector. |

The fourth pért focuses on the factors related to technology management such as |
national policies, R&f) public and private institutes and their role in the development of
different sectors in developing countries. The building of seienceand technology (S&T)

infrastructure and its importance to help to left the 'technologicél capabilities of a

country.

2.2 Power generation in developing countries

Yildirim and Erkan (2005) studied the | grthh of populatien and ‘inbcreasing
consumption of electricity exbosed countries to build additional power units. Because of
the technical and economical Adifference's of the energy sources, generation expaﬁsion

planning is used to determine the best unit type for the additional capacity.



Costs have always been a very important factor 1n decision making, in particular for
choiceé between alternative enérgy sources 'and electricity vge.neration teclmologies.
Eventuélly, costs, risks, and benefits of energy source need to be analyséd 'compvariso‘n
with those of other energy sources and optidns. Generally, nétionally energy policies
aim at implementing systems ensuring diversify and security of supply, including
various primary energy sources and conve‘rsionbtechnologies. The éssessment of costs in
support of decision making should reflect this policy objective.
kThe costs of power units consist of two groups: constructiorlxl cost and operating cost
including fuel and, operating and maintenance (O&M) costs. The construction cost is
independent of the production quantify, -whereas the operating cost depends on the
- production quantity. The amount of fuel cost changes with fuel type, fuel price and
energy c»onversiori techndlogy. In addition to this, the fluctuating fuel price over time
influences the variable costs coﬁsiderably. It 1s obvious that not only the technicél
- parameters but also- the economic parameters affect the -determination éf the be‘st
additionallpower units. In electricity generating technologies, are the interest rate,
escalation rate and discbunt factor. The economic parameters vary between countries,
even between regions, also change with time.
| The cost of nuclear unit consists of capital costs, fuel césts, O&M costs, waste related
éosts and décommiséioning costs. The operating cost, which ivs a Vaﬁable cost,’includes
“the fuel and O&M costs.v Fuel cost is associated with mining of the uraniUm ore,
v cdnvefSion of uranium, enrichmént, conversion to urénium 'dioxide pellets, loading of
the pellets into rods. O&M cost are associated with cdsts of labour and overheads,
expandable materials, regulatory, state fees, ongoing capital additions, and property.

taxes.



Like the other type of units, th; decision of vconstiruc;ting ai nuclear unit deperids on the
loiig-temi and least-cost genération expénsion planning (GEP). Candidate unit types
compéte against each other in the planning. Thc; acceptanr_:e of  the nuclear unit is
heavily reiated to costs of other unit types as related as the cosf of nuclear unit itself. In
this study, an acceptable level of the operating cost for nuclear unit is determined by .
. GEP of Turkey’s power‘ system. In order to realise this aim,b operating costs of nuclear
unit is gradually lowered from the level 7;5 cent/kWii to the level of 1.6cent/kWh by
utilising four different scenarios. | |
‘Nuclear energy is able to cqmpete with other unit types when the operatirig cost is 2.4
~ cent/KWh }or laser in the case that it is not pennitté(i natural gas, imported céal, fuel-oil
- 'and hydraulic capacities to exceed the 35% of total capaciity in each period. If thé_
obligatory limits _of na’iural g‘as, importédl coal, filel-oil and hydraulic' are cancelled, it is
not ablé to compete with othei’ unit types even though the operéting i:ost is decreased to
1.6 cent/kWh or laser. |
Co'risequently, in Turkey’s power system, nuclear enérgy is able to compcte with other v
- energy sources when the operating cost is less vthan 2.4cent/kWh. However; this Vahie is
generally low when compared with operating posts of existing nucléar units in; OWCD

countries, therefore it is not realistic.

| Acci)rdirig to Shata aiid Hiinitsch (2006), the studyfcorisidered‘ the poténtial of electricity
| generation on the east coast of Red Sea in Egypt. ‘Wind characteristics have been
_ainalysed based on long—‘ierm measured data of monthly méaii wind speed of écven»
mete(l)rologic‘él stations along the eést coast of Red Sea in Egypt. Numerical estimations
using measurediwind speeds and-ﬁéquenéies to éalculate the tvi/o Weibull parameters

were carried out and two methods were applied.



A technical and ec_onomfc assessment has been made of electricity genefatiqn ffom two
turbines machines ‘havingbcapacity Qf (1000 and 600 kW) convsider‘eAd in reg_ionS'A & B,
revspectively, using WASP ’pfograrh. The yearly enérgy output, capacity_ factof and the
électric} énergy cost of kWh producéd by the two different turbines in each region were
estimated. The production costs of four stations in Region A was found to be less than
2€ cent/kWh and compared with retail tariff. | | |
The confn’bution of fossil .fuels (oil and natural gas) to eieqtrical' production in Egypt
accounts for about 79% 4of total production, while _21% isvhydr_opower. _T'hé‘ elvectricity
demand is expeéted to grow rapidly to rﬁeet the large requirements of future projects.
Studies showed that thér_e ‘was an additional bneed‘, of annual electricity generation
' capacity‘ around IOOOMW/year up to 2017; |
‘Finally, theiconclusion in this study is that the exioectéd glectricity generation cosvtsvof
1kWh in four locations of regi‘on. A along the Red Sea in Egypt is less than 2€ cent/kWh, |

 which is very competitive compared to the actual tariff system in Egypt.

Streimikiene (2004) m.entioned' that Lithuania has very limited enefgy sources of its
own. The main source of ‘electricity productioh in Lithuania is ignalina NPP. Over the
last five years, it hés generated SO to 85% of the total electricity productiori}. The
anticipated closure of this nuclear povlver plant ih 2010 will decrease the di‘ve_zrsiﬁcat'ioh
of fuel supply and there is no huge potential - for renewablé energy use in Lithuania.
iny‘b-io-fuel, hydro and wind power can be considered as potential renewable energy
sources in‘ Lithuania. | |

_ Tﬁe sharc of renewable energy sources in the Lithuanian pﬁmary energy supply is the
loiyést among the three Baltic States (Estonia, Latvia and Lithuania), though the trends

of development are positive. The Lithuanian national energy strategy adopted in 2002
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sets ’vthe strategic priorities of Lithuanian energy sector deVel.opmerl_t. One of the main
strategic prioﬁties is striving to achieve a share of renewable energy sources in primary
of energy supply of 12% by 2010. The price of electricity in Lithuaﬁia is about of €

5.8cent/kWh for hydropower powér plants HPP’s, € 6.4éent/kWh for wind powet plants |

and € 5.8cent/kWh for power plants using biomass. .

It is suggeéted by Silveira (2004), the comparative between 1000 MW cqmbined cycle
power plant and 1000 KW diesel p;)wer plant and permits some emissiqn and ecbnomic
output résu]ts; The results for pollutantb‘ emissions cdmparisoﬁ betwe¢n them
respéctively came out with 200.139 to 424.019 nig/KWh of carbon dioxide CO2 or 1:2
as a percentage. Takiﬁg the second pdllutant of sulphur oxides SOZ came out with 0.00
to 826.45 mg/KWh and the third pollutant of NOx came out with 61.87 to 233.02
‘mg/KWh of Nitrogven' »Oxides or 1:3.8 times as a‘percentage respectivéiy. From these -
three gases comparisoh, the total emjssion is 195.504 to 262.67 mg/KWh, or 1:1.3 times
respectively.vThe ecology efficiency (%) is 95.6 to 91.2. |

~The economic analysis that is tl_le compaﬁson between .the electricity production costs
~ came out_With'0.053 to 0.15 US $/KWh or théA ratio between costs of cqmbihed cycle
and.die.sel plant is 1:3 or the electricity génefatcd from the natural gas is chéaper three

times thdn the diesel.

2.3 Teéhnology management definition (hard and soft) N

' According to Laip (2005), technology management is a process, which includes
planniﬁg,,dirécﬁng, control and coordination of the development and implementation of
technological capabilities to shape and accomplish the strategic and operational

objectives of an organisation: This paper surveys technology management development
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using literature review and classiﬁcotion of articles from 1995 to 2003 with the key
word index in order to explore how technology management (TM) methodologies and
“applications have developed in thisvperiod. This work uses the eight categories of: TM }
ﬁamework, General and policy ‘research, Inl‘ormation systems, Information and
communication technology, Artificial intelligence/expert systems, Database technology,
Modelling, Statistics methodology, together with their applications for different .
research and problem dotneins. Laio suggested that integration of qualitative end
quantitatlve method. The' qualitative and quantitative methods are different in both
 methodology and 'problent domain. Some articles have presente(l their TM concepts
: without a scientiﬁe approach, which leads TM methodology to remain at the stage of
(liscussion. Also, he suggested the integrationv of different technologies, and this
integration of ’technologies and cross-interdisciplinary research may offer: more

methodologies to investigate TM problems.

Aecording to Linn and Zhang (2000), current approaches to technology management
express the need to mange technology systematically from both.‘ strategic and
operational perspectiyes.' Hovyever, oons'iderable ambiguity seems to prevail over the
exact way‘of' managing it. This work presents an obj ect—orientecl intelligent management |
system for technology management hy using the methodology of Intelligent
Engineering.. A hierarchical model is proposed to manage the complex and ill-
formulated technology management process. The design and irnplementation for the
Intelligent Management System fo,rvT'echnolo‘gy Management (IMS-MS) using the
hierarchical model are described. A meta-system, which. serves IMS-TM kernel to
manage and control the operation of the system, is presented. This intelligent

management system framework has been implemented in a government technology
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supervision bureau to -assist the management of their technology development policy
and project management. The implementation has demonstrated the great potential of
IMS-TM to enhance the autornatioﬁ, intelligence and integration of technology

management.

According to Hipkin (2003), a study described of South African managers’ current
perceptions of managing technology, and what they envisage for the future. The most
signiﬁcant issues in technology transfer (TT) relate to technology and operations
strategy, where assimilation of technology must yield more and impfoved products.
Limited ﬁnanc‘iall resqurcés will restrain technological adbption and ‘evxpansion. A
poorly educated énd inadequately trained workforce, characterised by low productivity,
will vimpose further sever constrains. Knowledge management is in its infancy, ahd will
réquire cOnéerted efforts by managers to create ‘appropriate support frameworks before
knowledge ban play its rightful role in achiéving compétitive advantage. Opefations énd
rﬁaintenénce staff will be challenged to Vhavndle new technology with e;cisting systems
aﬁd procedures. Organisations must téke the initiative to use suppliers and networks for
a full range of benefits to accrue ﬁom new technologies. With South Africa’s history, it
is perhaps not surprising that managers are divided on the role of the govemment and
politics 1n business. Those who mistrust pblitical motives seem resignéd to accept thét
the political agenda will not go away. |
The findings in this study suggests areas fdf fﬁrther research into technology transfef :
(TT) in developing countries DC’s. The high vimportange scores fof maiﬁtenancé
‘support Leonard-Barton’s (1995) assertion that maintenance is one of the mosf
problematic issﬁés in technology management. The results of this Study provide a basis

for more detailed investigation of the relationship between the maintenance function
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~ and TT, particularly as skills and kn.owledg'e deficiencies in DC’s have a signiﬁcant
impact on maintenance policies and practice. -

The role of technology in strategic decision is still ill defined in South Africa, but global
forces are ﬁkely to pressurise | manageré to introduce new technologies wherever
possible. VFor the forcseeablc futurc, South Africa will imboft technology with.limited
local technical and operational input. This is-to be expected ina developing country
where resea.rch‘and intlovation initiatives are lirtlitod, atnd Whosc‘ecoﬁomy is sttll greatly
dependent on technical expertise from abtoad. |

Li-Hua and Khalil (2006), the workshop report of the US Nattional Research Council
(NRC)? “MOT” is the hidden_ compctitive'advantage bﬁdgiﬁg “the knowledge and
practice gap” between science, chgineeﬁng and businecs management. MOT .as a ﬁcid'. |
1inks “engineering, science and management disciplines to plan, develop, implement
techﬁdlogical capabilities to shape and accomplish 'the strategic and operational
objectives of an organisation”. Enterprises must continuc to ensure that the systems
responsible for thc generation of knowledge atnd acquisition of new technologies are
effective;Kﬁowledge generation is always ’a keﬁf—entry point for cffectively manéging
te'chnology; and must be supported by innovative policy development and an infuéiOn of

research funding in the develooment of new technology.

According to Zhouying (2004), technology canté to béing when humans ﬁrst walked on

two legs artd use their two hands as a tool. Then the technology of making and using |
artificial tools- gradually _‘developed; and t;vith it came thc increasing application of
human bo‘dy’ as a tool, followed by labour-saved technoiogy as pobularised in
econotnics. In the recént years, éutomatic technologies and robotics-based production

have been pursued. Thus human beings have, as a result of technology progress,
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become increasingl-y separated from the 'human body technology', and technological
prolgress‘has "tum‘ed Qh Wﬁat is external to hﬁmaﬁ beings‘ - i.e. nature or matter - rather |
than what is internal to them - i;c. dimensions ‘of the human mind and spirit.
From the point of view of problem-solving, technology is seeﬁ as an extenéion of
human abilitiés reflected tﬁfough the human body, éense, and consciousness, etc. |
With impfovements in thé level ;)f material civilisation,’ people have come to cére more
about the sensate aspects of life,’ involving 'sight, sound, taste, smell, and touch; and also
the intangible aspects of lifej These aspects of human experience are éssociated with the
quality of life particuiarly in the post-industriai societies. Furthér trends in technological
progress .should therefore be driven not merely by the signéls of corivenﬁonal soft-
benefit analysis, b.uf rather by the aim improve living and .Working c.ogdi'tio‘ns and to.
respect human mbdds, feelings, and mbfals fhat have signiﬁcant bearing on the 'ovérall
quality of life. These factors rélaﬁng to the' sensate aspects of life are fhe driving force
behind thé recent 'softening' of hard technolé gy and the rise of soft technology through
the inclusion of values and important service innovation alongside technical
considerations in the design of teéhnologies. |
It is discusse.d above the importaﬁce of understanding technolbgy in abroad sense,
incorporating the range of ‘intangible and psychblogical dihiension_s of‘k human life.
‘Technology is, strictly‘spe'aking, more.'than-‘ the hardware with which we afé more
familiar and which has been the focus of most cénventio’nal: studies. Soft technology -
includes co_m‘nmrcial technology, social technology, cultural technology and LPFE
techhology. In the course of twenty-first ceﬁtu‘ry, the advance of globélisation, the
explosion of ldlowlédge, the softening of ec_onémy, changes in> value systems, the
integration of art énd science, and the human mission of sustainable develoﬁment would

render the traditional understanding of technology bbsolete, and call a shift from a
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narrowly defined to a broadly deﬁned‘ concept of technology in research and
development. This would involve the synergistic application of both hard and soft

technologies that would help providé a robust basis for_Sustéinable development.

Zhouyiing (2005) indicated and pointed out the economic ,énd téchnoiogical gap
- between developed and developing countries caﬁ largely be explained by the gaps in the
levels of soft technologyb and soft environments between the two sets of countries.
~ Shortage of soft-technology experts is the core problem. Thé pfoblemé faced by Chinese
eﬁterprises since the early '19805', following their conversion to the idealé of market
economy aﬁd their access to the global market,-sterﬁ from irregularities in the operation
of thé soft-technology system and prevvalence of unfavourable soft environments
governing the oiaeration of the system. Although China has an abundance of scientific
~ and technical specialists, too few of them kﬁow about commercial techniques and
business strategies, including transléting technologies into co_mmoditiés that would
enable them to coﬁp the challenges of cdmpet_ition in gldbal market. Take for example,
the Zhongguancun Sciénce Park in Beijing, wﬁére the cbrrect applicaﬁon of property
rights Vha.';: created a 'bottleneck' for the development of enterpriéeé in the Park. There are
more that one thousand inténnediary organisations engaging in technical 'cdnsultations
forb Zhoﬁgguancun eﬁterprises. HoWeVer, a large pr_opbx’tion of the scienti‘ﬁc
'_ a_chievements cannoi find a 'plécé where they may be transferred despite the fact that
many énterpﬁses are thirsty for projects ahd despite the provisidn of Vell;[ure capital :
1§oking.for 'good projects' every day. A major factor behind this situation is that there is
. shortiagei in thé sﬁpply of soft-technology'.experts capable of tracking long—temﬁ market
and technology trends, and uﬁderstanding market environments (including the law and

the management of enterprise). When China shifted from a plannedv economy to a
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market economy, it desperately needed the skills of éoﬂ—techhology experts. Such skills
. cannot, howeVér, be cultivated bompletély within the purview of the school education
system. Rather they would be expected to evolve through the alfernating experienbes of
‘success and failure upon exposure of eﬁterprises to competition the bpen market.

The lack of éompetitive methodologies and high-technology products in China and
developing éountries, more génerally, is primarily a reflection obf shortfalls in the supply
of the soft technoiogy and soft environments in these countries. This means that in their
ehdéavgur to be on the path of sustainable development, developing countries should
. not seek to simply copy ‘de\.‘zeloped counffiés by adbpting whatever the develop.ed
countries ‘have done and are doing. Neither should tﬁey place too much emphasis on the
‘highness' and 'newness' of hard technélogy, nor be limited to the shoﬁ-teﬁn objective of
istrivirﬁg for temporary superiority and enjoyment of the temporary satisfaction' (as the
“o0ld Chinese adage has it). They should rather‘seek to beat a Weil-grounded pathway of
: development drawing balance between soft technology and hard techﬁologsf andA
recognising the criticality of soft technology and soft environment for the achievement

of competitive performance in an ever-changing global market place.

2.4 Research of technology management in power generation sector -

Widiyanto (2004), the set of nine energy alternatives includes con\}enti'onal and new
energy technologjes of oil'ﬁr'ed, natural gas fired, coal ﬁred,'nu‘clear power, hydropower;
geothermaL solar photovoltaic, wind poWer and solar thérmalvplanté. Also a set of
(;fitéria for éptimized selection includes five areas of concern; enérgy economy, energy
'secﬁ_rity, environmental protection, socio-economic development ‘and téchnological

aspects for electrical power generation.
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However as the complexity of the problem increase due to the inclusion of objectives,
the extension of model brings about more complexity in mathematical formulation, and
'cfeatés a tedious computational process, which tends to reduce analysis efficiency.

An exception to the situation is the model thaf based on:matrix operation, 'sﬁch as the
. Analytic Hierarchy Process (AHP), that has been proven to be practicable for solving
éomplicated and elusive problém in many decision areas. However, this model was
applied in far more problems which involved qualitative elements, as oppoéed to
. quéntitativeé that play an essential role in the decision problem. There was a need to
dévélop a félatively simple mathematical formulétion method for ‘solving complicated
and elusive multi attribute decision problem, as in the AHP.

The method should be able to take any nﬁmber of decision .variables,. without reduciﬁg
its computational efficiency. The DBA (Distance Based Approach) method proposed in
their work was one such attempt to accomplish thesq requirements. In the work. there
were twenty three éttributes dra{&n from thé set criteria of the five areaé of covncerns.‘
The res:ult of the model application using data related to power expansion in Japan
demonstrated that, once a compléte set of criteria for energy system selecfion, aloﬁg
with a set of valtematives énd their levels of attribute are laid out, ‘an effective
justiﬁcation proéess around multi attribute decision modél DBA can be performed, not
just a general analysis, .but also other various focusevd analysis regarding his or her
personnel preferences. Literally, the decision maker has unlimited. choices in exploring
the influences of different sets of attributes td_ the final decision.

As the result of the analysis, it came out with the natural gas option has the bést
numeriéal score. followed by nuclear, oil fired, hydropower, coal fired, wind power,
solar thermal , geothermal, and solar PV. The findings validate the effectiveness of the

model, that even though it employs a relatively simple mathematical formulation and
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straight-forward matrix operation, it is capable of solving complex of multi-attribute
decision problems, incorporating both quantitative and qualitative factors. The
usefulness of this model, however, can only be ascertained through extensive field |

testing, followed by further refinements.

Anvcording to Kitz and Glaspey (2005), the moderate temperature (140 to 146°C)
geothermal ﬁeld at Raft River in .the state of Idaho, United States was extensively
-enplored and drilled. during the 1970s. Total depths of the productibn wells, which are
1nainly veﬁical, are 1320 to 1980m. By tne early 1980s, production and injection wells
had lbeen tested many times and an experimental SMW binary power plant was installed
and vin_ operated briefly to démonstrafe the fensibility of 'power. generation at Raft River.
But_the project Wés abandoned Because of two majqr technological barriers at that time
to commercial power production ﬁoﬁ this resource. The well was too conl to allow
self—ﬂdWing for routine p‘roduction,v but down hole geothérmal pump technology had not
become rouﬁné by the eafly 19805..The second, the resource was too cool for cycle
pow.er plants, whinh were thé 6nly plénfs commercially anailébln at that time. Therefore,
an experimental binary cycle d}emc->nstration power plant was used nt Raft River, with.
: disappointing results. ’

Fortunately, both down holes pump technology and binary power generat'i‘on are no
longerv techno'logical_ bérriers; and are routinely used tnday in commercial p.olwer
projects. The field ié now Being developed for commercial powérbgénerations.

Even wifh a conservative set of assumptions it could be concluded thaf it should be
nossible to supply a 10MW (net) powef plant at Raft River 'usingv binary-cycle powér
conversion and down hole submersible pumps if only 3 of the existing production Wells

can be restored to their full productivity by working them over. If all 5 ‘wells can be

19



'mad‘e fully productive, it should be posSible to supply a 1;7MW (net) power plaﬁt by
eiiher de¢pening thé pump settiﬁg with time, or drilliné ﬁp _to‘ 3 _ma_ke-up wells over a
‘ 20—year projgct life, (;r“a combinétion of these options. In this cas‘e, one to three new
injection wells will need to be drilled. |

A. 30 MW (net) plant éapacity' is likely to be suppoﬁable ny 9 .to 10_'prod}1ction wells
and 7 to 9 injection wells, including the existing wells refurbished fér production or

injection.

"Wong (2006) studied and updates the Pembina Institute’é ' 2001 publication. A
Comparison of Combustion Téchnologies_ for Eiectricity Generation,. fepuﬁlished in |
 2004 in.power for the future: towards a sustainable electricity system in Ontarié.
The electricity 'generatioﬁ technologies eiamined inciuded the following:
. | High efficiency coal combustion technollo'gies:v Pulverised Coal CombustiOn
.(PCC), Atmospheric Flﬁidised'Bed- Combustion (AFBC), Pfes’surised Fluidised
- Bed Combustion (PFBC) and Integratibn Gésiﬁcation Combined Cycle (IGCC).I ‘
- “End-of-Pipe” or add-on pollution control options for coal such as Flu¢ Gas
"Desulphun’Sation (FGD), Low NQx Bufﬁs (LNB), Selective Catalﬁic or Non-.
Catalyﬁc _Redﬁction (SCR/SNCR), -Electqutatic Precipitators (ESP) and Bag
~ houses. | | | |
- Natural Gas-fired optibns: Natural Gas Combined cyéle (NGCC) a_nd Combined
- Heat and Power. | |
The review concluded that none of the coal-fired options are as énVironmentglly
favourable as the ﬁatural gas-fired options. Among the coal-fired options, IGCC showed
the best opportunity for environmental performarilce,val_though it still has hiAgh CcOo2

emissions relative to natural gas-fired options.
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The rev‘iew also noted that IGCC technolo_giés may theoreﬁcally be combined with
| ~ carbon capture and storage (CCS) technologies. However, the reView@oncludes that .
parbon storage opﬁons for Ontario are unproven and specﬁlativé, and that, given the
extent of the research requiréd démonstrating their Viability, they can not be ‘consideréd
a series possibility within the. current 20- yéar electr101ty pohcy planning horizon.

The plant efﬁ01ency (%) for the different Coal combustlon (PCC) is about 33% but the
Natural Gas Combined Heat and Power is around 52 to 60 %. |

The overall cost to produce Electnmty ($/MWh) is about 42. 45 and 48.54 for the Coal '
combustion (AFBC) and Natural Gas Combined Cycle (NGCC) respectively.
-The erﬁissions of CO2 (kg/MWh) is about 1000 and 350 for the Coal Combustion (PCC)

- and the Natural Gas Combined Heat and Power Cycle (NGCHP) respectively.

. According to Kannan & Osman (2005), Life cost assessment (LCA) and Life cycle cost
analyses (LCCA) models Were developed and the life cycle energy, emiSsions and cdst
inventory was established for potential power generatjon techno’lpgies in Singapore.
Power generation from'clean/renewable power generation technologies are costlier than
fossil fuel based power gen_efation. Howevér, their low environmenfal impa‘ct_s can
coinpenséte for unfavo.urable economics if enviromne_ntal externélities become an
, af:cepted paradigm in appraisal. Unfortunately, a reliable externality cost estimates is
not yet established and path to assessing externalifie‘s is still fraught with difficulties and
uncertainties.

’C-onsid‘ering_ Timited potential for renewable energy sources in Singaporé, pbwer
demand can be reduced through en’erg& efﬁciéncy measures instead of catering to
increasing power derﬁand. Energy efficiency will be effective regardless of the future

power supply scenario. However, it is not easy task as there are many barriers to
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~ implementing energy-efficient technologies. Making changes in traditional economic
eyaluation are i‘mportant'to the adoption of energy-efficient technologies on the demand
side. - If the costs of energy efﬁ»cienpy measures are compared with clean/renewable
based porwer genération technologies irlstead of market e‘lectricity price, somé transition
barriers can be overcome.

_ Therefore, implémenting policies with a'hiix of financial incentives and disincentives
énd direct investment in energy efficient technology would be an effective strategy for.
Singapore.' Consumer education énd Supportive political/regulatory environment are

vital in this context.

Fetescu (2003) su‘g‘gested the.usage‘of gas turbine techrrology and cycle selection have a
major impact. on the economic performance of cornbined cycle power plants projects.
The main objective of this paper is to investigate decision criteria and their relative
importance in the selection of gas turbine technology and. cycle qbnﬁguration. The
. levelised cbs"f of electricity (LevCoe) is a sirnpliﬁed tool for comparing power
generation technologies using the cost of generation criteria based on PV (presént value)
rnodels »for capital, fuel ‘and O&M costs. Using .input data as defined, it provides the
total Lev.Co.‘e and the contribution split: capital, O&M and fuel costs.

LevCoe allows comparison and rankinngf alternative generation technologies. LevCoe
is not size dependent and ailows comparison of different technologies v&ritlrout impoSing

the same capacity.

Graus (2007) mentioned the international comparisons of energy efficiency can provide

a benchmark against which a country’s performance can be measured against that of
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other countries. The results can be used to determine potentiel energy savings and
greenhouse gas emission reduction potentials.

Energy-efficiency analyses for power generation on a country level have been
performed in the past,‘ but few recent studies are available. Furthermore benchmarks for
overall fossil-fired power generaﬁon are net available.

‘The analysis aimed to make a eomp‘ar‘ison of the efficiency of fossil-fired power
generation (eoal, oil and natural 'gas). For this purpose, specific benchmark inaicators
are developed for netural gas, oil and coal-fired generations efficiencies. These
indicators-are aggregated to a benchmark for fessil-ﬁred geheration efficiencies.

The couﬁtries evaluated in this study were Australia, China, France, Germany, India,
Japan, Nerdic countries (Denmark, Finland, Sweden end NorWay aggregated)., South
Korea, United Kin‘gdom and Ireland, and United States. Together these countries
generete 65%> of world wide fossil power generation.

The resulte of thestudy showed that the efficiency trend for coal, gas and oil-fired
power production, respectively, for the period 1990—2003. | o
The energy efficiencies for coal-fired power generation range from 30% for India to-
42% fer Japan in 2003. The average efficiency qf the countries is 37% and the wei.ghted
everage efficiency is 35% in 2003. |

For gas-fired power generatibﬁ, the efficiencies range from 39% for Australia to 52% in
2003. The average efficiency for gas §vas46% and the weight average was 45% in 2003.
For oil-fired power generation, the efficiencies range from 30% for India to 45% for
Japgn in 2003. The average efficiency for oil was 37% and fhe ,weighted} average
efficiency is 38% in 2003.

- For everall fossil-fired generation, the efficiencies range from 32% for India to 43% for

United Kingdom and Treland and J apan in 2003.
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According to Breeze (2005), at the,beginniﬁg of the twenty-first century, the new power
plant offering the cheapest source of kelec’,tricity appears to be the gas-fired combined.
cycle power station. It is cheap and quick to build and relatiyely easy to maintain. The
fuel is the most signiﬁcant determinaht of electricity price, so while gés is cheap, so is
‘ele.ctricity. There are some otherv factors such' as the effect of pdwér production on the
environment and on human health, factors which society pays for but not th¢ electricity’
producer or consumer directly. These factors are called extemglities.
A major study carried out by the Euroi)ean Union F(EU) and the US_A over a decade in
the 1990s estimated that the cost of these externalities; excludmg the cost of global |
warming, were equlvalent to 1-2% of the EU Gross Domestic Product.
. The cost of electricity in the EU in 2001, when the report of the study Was published,
was around €0.04/kWh. These figures indicéte that coal combustion costs at vleast.'
The economics of the gas turbine plant are cc;mplex.b Even sd, 'ma‘hy planners assume. -
that is currently the "cheape‘st cost optibh, ‘quoting a genera_tion cost of around
$0.03/kWh. This figure depénds on a numbér of assumption.s,:particularly disc;oght rate
o‘vver the life time of th.e plant.
A recent challenge to conventional thinking put the generating cost in the range‘$0.05-
_ $0.07/kWh. That would make some renewable sources :cheaper.'E{/en so, there was no
evidence yet for a waning in the popularity of the gas turbine for power generation.
Power production gdst from first géneration the Protén-Exchangé Membrane (PEM)
fuel cell systems of $0.1 O/kWh had been sugg'este.d.
The cost of electﬁcity froﬁ a hydropower .plént will depend 6n the cost of building and
ﬁnanciﬁg the project and on the amount .Of electricity it generates when opérating. For

recent hydropower projects built by private sector with loans repaid over 10-20 years,
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initial generating costs haVe been in the range $0.04-0.08/kWh. However onée the loan
has been repaid the costs drop dramatically. The typical range of generation costs is

$0.01—0.04ﬂ<Wh but may eaSily fall below$0.01/kWh. This is cheaper than any other

- source of electricity.

The cost of tidal poWér generation would be a $041/kWh In this case the plant was
intended to replace power generated using diesel éngines, which is an expeﬁsivé source.
However, even with arenewable energy credit, the i)roj ect Wa§ j.ud.gec'l too expensive.
When electrical power generation from vﬁnd power is to be considered, th‘.e energy cost
depends on the amount of wind avdilable at a particular site. Geﬁérating costs, operating
costs and some extemal .costs will determine the total cost of élec_tricity gener_ated by the
wind power.

Taking these factors intd accoﬁnt, fayourable esﬁmates suggest that at the beginning of
the twenty-first century modern onshore Win‘d farms _c-ould generate electricity for
: €0.03/kWh at é wind speed of 10 m/s and €0.08/kWh at a wind speed of 5 m/s. Early "
commerpial . offsﬁore .wind fms generate power for between €0.05/kWh and
€0.08/kWh. | |

In common §vith many renewable fesources, geothermal power genération iﬁvolves a
high iniﬁal outlay but externally low fuel coéts.

~ Some figures from the World Bank show that fdr the costs of | development of
geothermal projects for différent qualitie§ of geothermal rgsburces, a good resource has
a temperature abo&e 250° C, and good pérmeability SO p;oviding good fluid flow. The
~ World Bank estimates Suggest that power can be produces from a large geothermal
‘power plant (>3OMW) ‘ex'ploring a good quality .resources at betWeen $0.025 aﬁd

- $0.050/kWh.
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Solér thermal and sdlar photovoltaic power plants share a number of features such as
short deployment times énd additional benefits from dispersed deploymeﬁt that affect
the coét and value of both technologies. Ho@eﬁer the technolbgies the-mselves'h"‘ave
different roots aﬁd the costs associated with them have to be considered separately. 7 '
The cdst of solar thermal powér to generate electricify at around $0.11—0.12/kWh but
for solar photovdltaic powefgeneratioﬁ, :elec‘tricit}zf probably costs around $0.25/kWh. ‘-
This can be corﬁpetitive with the peak power costs in somewhere like Califofnia but isv

way above the cost of base-load power, $0.025—0.050/kWh.

2.5 Factors effecting technology management (R&D, S&T, Policies,

TNC, FDI, Innovation systems)

According to (Hug, 2004), the study included three countries. (india, Nepal and
Bangladesh), it indicatés that the challenges fdcing technology policy in low«ihcome
developing countries. The three countries see the need for fechnology policy, but have
failed, albeit in varying degrees, to establish an effective ﬁolicy regime that would pavev
the way for sustainable deVeloprhent. Hc;wever, the benefits of technblogy policy derive :
not merely from the statement of its need in plan and policy documents, as is épparent
from the experienqes of many develbping countries, but rather from the éppro’priateness
of policy design and the effectiveness of its implication. |

TheAmain points that emérge from the anaiysis of the state of technology development
A'in Nepai, are the lack of indigenous industrial skills and inadequate; aﬁd uncoordinated
infrastructure. The lack of consistent government policy‘ coupled with 'inadequate'
information networks also creatéd a serious constraint on tﬁe identification, ‘s.election

and development of technologies. The lesson that can be drawn from Nepal's experience
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is that a conscious policy' effort would be needed' to improve the infrastructures that
would enable the development of indigenous technological capability on the back of
technologies transferred from elsewhere.
‘The significance ef infrastructure provision for seience and technelogy (S&T)
develolimerit is illus_trated'by the experiences of India's successful ind.ustriee in the
atomic energy and space sectors. The difference between India's successful and lagging
industries is that the successful ones, unlike the laggards, exhibit clarity of mandate'_of |
their goails and 'sustenance of their functions over a Iong period of time along with
iiitegratioil of R&D generation and its use. The Indian govemment has. devised various
_initiatives to promote technological capability building. 'However, these efforts do not
éppear to have been effectiveebecause they represent a bureaucratic solution to the
problem and cons.equently fall short of coordinating the various 'actors' involved in
knowledge production and knowledge sharing.
In the case of Bangladesh, é_ serious commitment to technology promotion has been
missing desi)ite the deelaration in »the _neitional plans of the need for promoting
technological capability in the country. Where Bangladesh has failed miserably with
respeet to iechiiological capability buildirig is in the implementatien of poliey. But as in
the two other countries considered in this study, techilology poiicy in Bangladesii will
also need to evolve vi/itliin the broad framework of a national innovatioil system. |
The experiences of developing countries s}iow not only market failure when it eomes to
the task of building technological capability, but also goyemmeiit failure in pryovidingv v
relevant policies. This is apparent from the three cases discussed a}iove. ‘Ink exploring the
- way -forward, developing countries are faced with the challenge of promoting the
involvement of the private secter in R&D activities, while recognising the role of

‘governments in coordinating the direction of research.
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' Th‘e experience of South Korea is. particularly instruc_tive}in this respect. While the
government has helped in building. fhe trairiing and skill base and in providing some
useful S&T institutions, R&D development in the private sector has been actively.
promotéd. The gbvemment of South Korea took the responsibility 'of 'promoting
~ indigenous technological deVelqpment by establishing ;the necessary S&D inf;astructﬁre,
providing funds of R&D and at the same time strongly encouraging private firms fo A
~ undertake R&D activities. Thus state participation is needed to correct shortfalls in the
supply of investment funds for R&D activitieé; it does not follow that the state will
necessarily have to engaéeitself in the operation and management of R&D projects. It
is howevef essential that the S&T infrastructure is signiﬁc'éntly stfengthen by
coordinating activities of the exiSting institutions and also by adding; as required, some
new ones. This is the procesg in which the national system of innovation Would be -
expected to evolve as a _Easis- for capacity building and technological capability
deveidpment in developing countries. |
;Tecvhnol:ogical. bolicy that is destined to prorh(‘)tc enterprise culture, R&D and
ihnovation inivtiatives will ultimately ¢nable developing countries to produce gIobaI:
competitive players in lvarious areas of e'c.onomic' activity. On the other hand the failure
of policy to address local problems in the context of development in_fhe wider global :
économy will see low-income countries locked in to fhe vicious circle of poverty. It is.
'inv this light that the opportunities and threats of globalisation facing developing
countries >an‘d the case of the technology policy. and the role of the state in these

countries- will need to be considered.

Villaschi (2004) mentioned that throughout the 1990's, Brazil followed  economic
policies enshrined in the virtues of market mechanism and considered by international

organisations such as the international mechanism fund (IMF) and the World Bank.
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This followed a period when the government played a crucial rolé in the industrial and
leapfrogging of econorhy thréugh the implementation of industrial and technological
policies. The,§vork had examined results of the shift from a strategy of economic
development baséd on the role of the state to a strategy .based on the role of the mérket.
The evidence of improvement in industrial capa‘bilities was particularly apparent in the
perfofmance of firms _;[hﬂat faced foreign competition in the internal market.

However, there has been a little or no improvement in innovation capabilities. In most
of the ‘arrangemen"[s examined, product development occurred throﬁgh irﬁitation of
international and lécal industries' leaders, and process »nimprovements,_ _through the
acquisition ;)f the new machinery. There was very little éoopgration_between industry
and ‘local universities or training organisatibns; nor between the entreprenéﬁrs _
therﬁselves. If é country were to embark on 'path creation' for its increased participation
in the globalisation proceés, policies would ﬁeed to proﬁiote activities in fhé knowledge

“and learning economy such as Educétion, ‘ écience, techﬁology and indué;trial'

déVelopment; Factors that account for compétitive advantages suéh as cheap labour, raw '

material and protected internal markets, which were impoﬂaﬁt for late ii;dﬁstrialisation |

" under the Fordist techno-economic paradigm, might be helpfui if the aim is to play a

secondary role in global production networks. But they. were\ irrelevant where the aim

was .increased participation of a country in the new econdmy énd society based in

cooperation, knowledge and léaming.

According to Lall (2004), the strongest impression conveyed by this analysis was of
growing diversity and di\iergénce in manufacturing performance. The study showed_
how wide dispersion was in the industrial sector, how it had grown and how it reflected

structural factors. Such factors notoriously difficult to alter in the short to medium term,
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and, because of cumulativeness, could not be left to reverse them selves byv'fu_l“ther
liberalisatioﬁ. Thus, they raised strong policy impli'catioﬁs;

The other impoﬁént lessoﬁ was t.hat_there were 'many roadé to heaven'. Successful
developing countries had used widely differing strategies.to build capabilities. Some, | :
but relatively few, had éubceeded with 'autonomous’ strategies, drawin'g in foreigh
| | technology' largeiy at arm's length while puilding strohg teéhnological and innovative
capabilities vin local firms. Others, a large number, had gone some way by plugging into
trans-naﬁonal companies (TNC) pfoductidn systems by bécoming suppliers of labour-
intensive pfoducts and componen;cs, without having strong dorngstic' capabilities. Of
- these ¢conomies, a few had managed to combine their ‘.reliance on foreign difect
investmér;t (F DI)‘ with 'sfrong industfial policy,' targeting the abtivities they wish to enter
and.the functions they wish to upgrade into. The less successful de\}eioping' cbunfries
| had not followed any of these strategies effectively. Autonomous countries are opening
“up to FDI to access new and expcnsive teéhnolo gies, while 'F-DI-reliance countries were.
»'t'rying, t§ build local R&D capabilities, often by inducing TNCs to ui:grade
‘te‘chno'logiéal ‘activ.it.y. Local capabilities become more important to link With
international resources and leverage them, and building capabilities. was a difﬁ_cult
strategic. challenge. | |

| The industrial World also showed simil;clr strateg_ié differeﬁées: in reliance on R&D and
FDI. For advanced economies, the difference between the two strategies was of little
practical signiﬁcaﬁcé today. FDI and domestic R&D were. for them lérgely
~ complementary: technological leaders draw upon foréign firm to provide ‘speciélised o
forms of technology and foreign firms draw upoh the feéd into domestic innovatiovn‘.
Technolqgical-followers were integrated into largé systems; some establish independent

areas of technological competence, while others remained as production bases.
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At first sight? the best strategy for .lateccmervs without strong technological Capabilitiee
zippeared to battle their way iiitq TNC production systems and let local capabilitieé
develop slowly. This may not be true in ihe 'futuie. Intiustrial latecomers entering
integieted production systems may found it difficult to- sustain groxivth as wageé rise
unless they raised their skill and technological bases. |

In general, developing countries need new, focused and 'intellige_nt' strategies for linking
to global markets, leveraging foreign technologies and skills, and learning from their
.lin1.<s. The value of strong Iinking and leveraging strategies was illustrated by the
experience of the Asian newly industrialising economies; these could be adapted to the
needs of the rest of the developing world. However, strategy also had to be indlistry-
epeciﬁc. Each in(iustrial value chain differed in its organisational, technologicel,
logistical and institutional needs. As local value chains became integrated into global

chains, the nature, structure and strategies of the key player in each becomes important. ‘

According to Malairaja (2004), the emergence of Malaysia from an agriculture-'
dominated economy to one’ based on high-tech 'ma'mifacturing in the space of three
-decades' owes its explene_ticri largely to the country's increased participation in the
global economy thrqugh the rriechanisms of trade, investment and technology transferf.
Foreign direct inve.stment‘ (FDI) by multiiiationel corporation (MNCs) from the United
States of America, EurOpe a’nci Japan and international joint ventures (IJVs) had pleyed
a eigniﬁcant role in enabling the. couritry to acquire capital and techiiologies and
enhance its competitive performance to a level that would establish it as one of the v
_ world's leading manufacturers and exports.ofav wide range of electronic products.

The contempovrai;y trend ‘in the rapid globalisétion in knowledge production and

knowledge sharing had increased the significance of technoiogy transfer to developing
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| countries as a potential mechanism for léaming and achieving innovative
competitiveness.
Following the: coming into effect of the new science and technology policy in 2002,
there was a gr'owing awareness' in Malaysia about fhe importance of innovation as the |
key fér the sustainable growth of the écohomy and for the interﬁational competitiveness |
of Malaysian firms. The new S&T policy regime would ré_quire existiﬁg technology

transfer practices and mechanism to be reviewed with_ih the f‘ramg:wdrk of the Malaysian
national innovation systerri (NIS). But the Malaysian NIS had itself yet to evolve as a
robust basis for innovation and S&T initiatives. It was therefore impc;rtant for policy to
address questions about the demand for and supply of tecﬁnblogies and skills and also
about options of éapécity building to remove the constraint on innovation due to |
institutional and organisational fragmentation. In the de.veloping world, policies should
be directed at facilitate and. strengthening links between institutions (government),.
research institutes and private firms in the context the Malaysian national innovation
systems. The u'niversity—industry—gqvemment’ relationships should always be ti.ght and
improve mechanism and networks fo’f effective implementation of technology transfer
initiativés,. This required fhe provision of adequate véhtu_re capital and infrastructure
support like science parké, incubators and manpower training schemes to Sfimulate the

development of technological capabilities at enterprise level.

According to Aubert (2004), the policies supportingk technology development were
known as “innovation policies”. Although governments had a long such pfabtice of
promotirig innovation by various measures of both direct and indirect nature, the

explicit formulation of innovation policies began about 40 years ago in the 1960’s.
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Since then such policies had been expanded and improved, while new analyfic concepts,

such as the concept of “national innovation system”, had been elaborated.

26 Conclusions and commenfs

People from developing countfy are always worried about the limitations of resources
_such as clean water, food to eat, clothes to wear and etc... As the author comes from a
-developing conntry with limited resources (Libya), this generated a conservative
-personality of me. After reading a lotb of papers, ‘books, magazines and articles
(economic and technical) and specielised in the ﬁeld of mechanical engineering for my
first degree. A bell is alweys ringing in bmy nnnd end this quesiion was always in mind
‘can a n1an rnake e r_nachine orv engine without polluti‘on and dark smoke". ‘When my
care increased and the idea of optimising thoughts about economy and reading a lot
about linking engineering and how knowledge can help human to control the
| surrounding environment around him. Technology rnanagement is found to be the
answer to link limited resources, science and knowledge, engineering, economiic aspects,
healtn,. emnloyments andv‘information, and communication fecnnologies together. Man
on earth can not live without electricity because the daillyvlife of everybody depends on
machines, lighting, heating, transports, cdfnmunication with some others needs. All
equipments menti_oned‘above require electrical energy to operate. By looking back to
the research Work done in this field (power generation section), e little work is carried
out 'regarding the optimisation and filtration of ha;d technologies in developing
_countries. The previous work focused on a single comparison of few technologies
btogether of the same type such as coal with different grades of it. No doubt most of

developing countries are short of resources (economic and financial). Due to the

increase of population, more electrical energy is needed to satisfy this demand. Also
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soﬁ;e research is considering thé hard techndldgy alone and not paying attenti011 to soft
' technologies.- The integfation of hard and soft techﬁologies is important and crucial in
the field of powér generatioﬁand in previous work is alWays neglectéd. '

Taking into account the above pro‘blems fof developing countries, the short fall of most
goverﬁfnents in d‘evéloping countries to developing a successful technology policy and a
conceptual fraxhewc_)rk fér power ‘genefation, it is decided to focus on dev'eloping such
~ framework to help décision makefs and draw the guide lineé to optimize and prioritise
of a power generation hard technology option for developing countries and‘integrating‘

~ them with soft technologies.
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CHAPTER THREE

RESEARCH METHODOLOGY



3. Introduction

‘The main intention of this chapter is to ontline the most common types of research
methods available in literature survey and to discuss the research design and
methodology. :The chapter concentrates on the main methodologies that can be possible
to use inv business management research. The research approeich and strategy, sampie
size, data collection method, data analysis, and tests for model validation is also

discussed.

3.1 Understanding of research

Although research is central to both business and academic activities, there is no
agreement in the literature on how it should be defined. One reason for the problem is :
‘that research means different things to different people and organisations. However
from many different definitions offered, there appears to be agreement that:

° Research is a process of investigation and enquiry.

e It is systematic and methodological. |

o Research increase lqiov&tledge.

The investigations must be thorough and rigorous at all stages of the research process. If '
the research is to be condncted in an ei'ﬁcient manner and mak}e the best use of the -
opportunities and resources available, it must be well organised. If it 1s to provide a
, coherent and logical routeto a reliable.outcome, it must be conducted systematically _

using appropriate methods to collect and analyse data (Collis and Hussy, 2003).
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3.1.1 Types of research

Choosing‘a research strategy is a signiﬁcant role in business and management fesearch.
Ar research strategy could be viewed as providiﬁg the everall Way of the researeh
including the process By which the research is conducted (Renienyi etral., 1998). -
Different und.erstanding'of research by different people leads to different types of
research. Table (3.1) below by Collis and Hussey (2003) classified the types of ‘res.ear,ch
fall into many parts, for example the purpose of the research (why are we doing the
research), the pfocess of research (the way in which data can B_e collected and analysed),
the 19gic of the research (Which can be meving from general to epeciﬁc or vice versa)
and‘the outcome of the researeh (whether can be trying to solve a par_ticular.problem or

.make a geheral contribution to knowledge).

Table (3.1) Classiﬁcatien of main types of research by vC'ollis and Hussey (2003)

Types of research : Basic of classification

Exploratory, descriptive, analytic or predictive research |-Purpose of the research

Quantitative and qualitative research Process of the research
Deductive or inductive research ‘ _ Logic of research
Applied or basic research - | Outcome of the research

»3.1.2 Purpose of the research

The normally asked question is thle (why are you doing it?).
People in general and students in particular conduct research for different reasons such
as ‘I love the subject, I want to be intellectual, I have a personal question I want to

. answer, I want to be a member of the researc‘h‘ community, I haven’t been able to get a
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job, employers want people with this qualiﬁcation, all my friends are do it, it’s part of

my course and I want to be creative and useful’.

3.1.2.1 Descriptive research

Descriptive research ncrmally illustrates and describes plienomcna as they exist. It is
used to identify and provide information on the characteristics of a.particuiar issue or
problem. The collection of Ad.atav is ‘.oﬁen quantitative and statistical techniques are
usually used to summarise the informatioln. Descriptive iesearch tests problems in more

depth than exploratory research (Collis and Hussey, 2003).

3.1.2.2 Analyticél or exploratory research
It is a. continuation of descriptive research where the researcher goes beyond merely
describing the characteristics, to analysing and explaining why or how it is héppening.
Thus, analytic research aims to understand phencmena by discovering and measuring
causal relations émong them. For example, infor‘mation méybe collected on the size of
' companies and levels of labour turnover. Analytic reseaich attempts to answer such .’
questions as: |

o How can we reducc the number of COmpiaints made by customers?
° How can we improve the delivery times of our products?

‘e How can we expand the fange of our services?
An important element of explanatory research is identifying and, possibly controlling

the variables in the research activities, since this permits the critical variables or the

causal links between characteristics to be better explained. A variable is an attribute of
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an entity that can change and take different values which can be observed and/or

measured.

: 3.1.2.3 Predictive research

It goes further thap explanatbry research and it aims to generalise from the analysis by
predict.ing certain phenomena on the basis of hypothesiéed, general relationship‘. For
exampie, predictive research attempts to answer such questions as:

o In whiph city would it be most proﬁtable to open a new retail outlet?

e Will an introduction of an employee _anuS scheme lead to higher leve.ls of
produ_ctjvity? |

e What type of pat;kaging will ir.nprovev the sales of our products? |

¢ How would an increase in interest rates affect our profit margins?

Thus, the solution to a problem in a particular study will be applicable to similar
problems elsewhere, if the predictive research can provide a valid, robust solution based
on a clear understanding of relevant causes. Predictive research proVide_s ‘how’, ‘why’

and ‘where’ answers to currents events and also to similar events in the future.

3.2 Process of research

Whatever the type of your research or approach is ad@)pfed, there are several
fundamental stages in the research process are common to all scientifically based on

investigations (the wéy the data can be collected and analysed).
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3.2.1 Qurantitativ'e and qualitative research

.Collis and Hussey (2003) vi‘ndicated that quantitativé research could be objective'nature

-that focuses on assessing phenomena to provide measured results. It aims to colleét and
. examine numerical data by using statistical methods. On the other hand, qualita;tive
research can v.be more subjective in nature and can contain inv_estigative and reflecting
on perceptions to get an understanding of social and human actions;
| “Qualitative data is in the fprm.of descriptive accounts of observations or data that is
classified by type. On the other -hand, quantitative data is ihat data which can be
expressed nulneriCally of classified by some numerical value”. Since quaﬁtitative dafa is
in the form of numbers, it can frequently be examined using standard statistical
methods, such as test-validity (Lancaster, 2005). Techni.qu‘es can be‘ﬁsed to collect data
in a case sfudy consisting of documentary analyéis, ‘interviews and observations. In
addition, it uses fnany methodsi for collecting data that could together be quantitativé
and qualitative. It is ’usually szt excellent to merge data colle‘_Ction proﬁesses such as
archive searching, interviewsv, ques;cionnaires and 6b$ervétion. The proof might be
qualitative (e.g. words), quanﬁtative (e.g. numbers) or both (Collis and ﬁussey, 2003). '
Therefore, fhe methovdology used in this reseafch was based mainly on quanti.tative and

_some qualitativé data, which enablésr in depth of analysis of the research problem.

3.2.2 Choosing s’amp‘le size ,A

" The first quesﬁon new researchers tend to ask is “how many people should I speak to?”
This obviously depends on the type of research.A For large scale, quantitative surveys
you will need to contact many more people than ybu would fér'a small, qualitativé piece

of research. The >Sam-ple size will also depend'on what you want to do with your results.
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If you want to produce large.amoﬁnts of tabulations, th¢ mqre‘people you contact the
better.

| (Dawson, 2009) the rule tends to be general in quantifative' research tliat thelvlarger the
éample the more accurate your résults. HoweVer, yoil have to remember that you are
, reSfricted by time and money- yo@ ﬁavg to make sure that you construct a sample which
v_vili be rhanageablé. Also;'yéﬁ need to account for non—responée and yc_)u.may need to
choose a hi gher proportion of your research pbpulatiori as your sample to overcome this
proElem. In this résearch Work, the author used the literature survey to collect data for
éll thé criteria and sub criteria for all the nine hard power generatioh technologies.
- These data are in the fofm of quantitative data to help in develéping the proposed
framéwork for power generation in deveioping countries. Finding data for different
&iteria of hard technologies in dgVeloping lcv;ountries was a difficult task to -do and |
instead déta were collected from developed counfries and exposed to sensitivity study to
conform requirement by devélopipg countrics in power ggneratioh sector. Régarding the. -
validation of the pfopdsed model, thirty envelops were Se_nt containing sixty
questionnaires to different powef plzlmtsvin the UK and another eighteen were distributed
n Libya for different poWer plants. This large sample size of quesfiomlaires was
decided to avoi.d the problem of non- responding and its beXplainf_:d in details in chapter

.Seven.
- 3.3 Logic of research

Whether you are moving from the general to the Speéiﬁc or vice versa? Research is

normally conducted where there is really a problem to be studied and solved.
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3.3.1 Deductive and ihduCtive research

Deductive research is a study in which a conceptual and theoretical structure is
developed and then tested by empirical observations; thus particular 'insténceé are
deducted froin general inferences. For this reason, the deductive method is referred as
moving ﬁom general to the parﬁcular. | |
Inductive research is a study in which theory is dev‘eloped'from the observation of
empirical reality; thus general ir’l‘ferencesvare induced from pafticular iristanées, Which is

the reverse of deductive method.

3.4 The research stages - \

The diagram illustrated in ﬁgufe 3.1 below shows the traditional and highly struétured
view .of the research( process. This model also presents reseafch as a neat, orderly
process, with on stage leading on to the next. However, this is only ‘a general for

- conducting research but in real lifé, research may be different according to the nature of

the topic.
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Identify rc_:search tbpic
v
' Define research problem
v
Determine-how to conduct res'ear_ch
v |
Collect research daté
v |
Analysc‘ and interpret reseérch data
v

Write dissertation or thesis

Figure (3.1) General stages in research life cycle, Collis and Hussey (2003)

3.5 The research methodology

After cOnducting the literature survey for developing countries for differént sectors, it
~ has become clear that résources are very limited in de\(eioping _coﬁntriés and mostly
coﬁSumed in building new power generation facilities. There is a big gap between
developéd and developing countries in tgking decisions of optimising and prioritising
the sélection of power genération technologies. Most of previous studies concentrated in

_ comparing two or three hard technologies in isolation of the rest, and sometimes putting |
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generation technologies frorﬂthe— same family under study and investi gation (fossil fuels
power generation technology or rene;wable power generation technologies). No body
has before: studied and developed a coﬁceptualk framework for powér generation
technologies in devéloping cbuntries., Most sources of informatiori’(pfeViouS) did not
conéider the soft'techndlogies as an important factor‘for péwef generation. The.third
criticism here thé author wants} to iﬁclude is that,. from literature survey there was not
“any mentioniﬁg of inte'g‘ration between hard and soft technologies in power generation
se'ctor.vIn addition to these reasons, the author sees that all international organisations
try ;co help deveioping cbuntries by giving general outlines advices and not speciﬁcand

clear strategy tvover'come the problem of selectihg power generation technology.

3.5.1 Elements of proposed framework

Here in this work, the research has been divided into three main categories that are hard

technology, soft technology and the integration of hard with soft technolo gies.

3.5.1.1 VH‘ard techlivology selection

Based ;n the literature r_eviéw for the sector of power generation (supply s_ide), the.ha,rd
' techﬁologies option is'identiﬁe_d >anvd discussed. These technologies are claséiﬁed'by |
means .bof the fuel used. These are coél fired power generation, oil fired power
genefation; gas fired power generation, hydropower generation, geothermal power
generation, ﬁuclear power generation, wind power generation, solar photovoltaic power
generaﬁon and solar thermal power geﬁeration (Breeze,‘2005). Sorﬁe hard technologies
are excluded and filtered as 'explained in section 4. 10.2. According to Collis and Hussey

(2003) the word literature refers to every source of published data.
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The aim of literature résearch ié to discover as many items of data as possible; he listed
some sources of data: | | |
° Bo_bks )

e Articles in jourhals, mégazines and newspapers

e Conference pépers

© Reports |

° D(I)cuments

e Published statistics

° Businesses,- annual reports and accounts

° Newspépers

- © Organisations, inside records |

e Electronic database

o The Internet

3.5.1.2 Soft technology selection

Based on the literature review for the sector of power generation requirement, the soft
technologies are identified related té different hard option. These soft technologies are
v cla,ssiﬁbed accbrding to ‘thevir importance and the demand of hard technology selection.
These  soft . btechnologies are ‘commumcation and coordination, Arersearch‘ and
vdevelopment, health and séfety programs, information and communication ;[echnology 3
(ICT), knowledge transfer to power'sector, training programs, ﬁné’ncial resources; local
areé ﬁefwofk? county légal approvals, linking national pianning council, managerhent
teams and power generation‘watchdog' (Zhouying, 2005). These soft technologies are -

identified and éxplainéd in details in chapter six. Due to the shortage of information
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about soft technologies, technology indicators recognised and accepted by international

bodies were used to help to identify the soft technologies for power generation sector.

3.5.1.3 Integfation '

After the' selection of both hard and soft technolbgie's took place, the limitation of hard
technologies option was identified for different technollogi‘es. .One-of the technology‘
management épproaches isk the integration of different maﬁn players such as hard and
soft technologies (Linn, R. J, Zhang, W., and Li, Z, 2000). A matrix table for the
priority ;)kf, soft technologies was dév_eloped aécording to irhportance of 'so_ft technology
for the hard option selection and its presented in table (6.8). The next step forwérd is the
integration brocess between hard and soft techhoiogies 1n ofdef to get the hard

technology working as can be seen by fig. (6.1).

3.6 Main criteria for power géneratipn

.Before any selection of hard technology can take place, it is based on Somé cr‘ucial
'c.:ritervia and sub-criteria affecting the selection of hard technology. Ffom the literature -
review, the main criteria are the cost, plant life, the requirement; dependency, safety,
pollution and dévelopment. There are‘SOme sub-criteria branched from the main criteria. ’
These are capitai cost,.ﬁlel cost, maintenance & operation cost, land used, water needed,

- people, foreignv participiation, local pérticipation, noise level, physical discomfort,

psychological discomfort, global warming, air pollution, thermal pollution, technology

development and industrial development (Widiyanto, Kato, and Maruyama, 2004).
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3.7 AHP niodel‘.for power generation sector
| : Ahalytic Hierarchy ,Procc.ass AHP (Saaty, 1986) would be used to identify and prioritise
the criteﬁa énd sub critéria énd also to enhance and’vsupport tﬁe sélection of the power
generaﬁon hafd technplogy in developing countries. The analytic hierarchy process
(AHP) is very powérfiﬂ multi-criteria tool for helping the decision ‘makers to reach the
right decision in many situations especially in p.ower generatibﬁ sector where the
deciks'ion is soA crucial. Béfore building the proposed ﬁodel, the significant criteria and
sub criteria are clearly ideﬁtiﬁed and determined. The goal of the model should be

clearly identified as well to be ablé to build this model. Sometimes this model is called

the tree view of model. AHP software is based on pair-wise comparison between criteria

and sub-criteria at the same level and they.‘have got to be added to uﬁity. The softwaré
- can generate a blopk diagram connecting the goal with different criterizi and sub-criteria -
to gc.ath‘er as shown in ﬁgﬁre 4.2,

The AHP is a generic theory of measurement. it is é technique that can be einployed to
establish rﬁeasUreé in both the physical and social fields (Saaty, 1988). The AHP
- method that was developed by Saaty (1980, 1990 and 1994) uses a process of pair-wise
_comparis'on-s to determiﬁe fhe relative importance and‘ thus tﬁé pﬁority of altematiVes in
a multi-criteria decision making probleﬁl. It includes decbmposing a complex and
unstructured problem into a set of variébles into another set that are organised into a-
hierarchy (Chdw and Luk, 200k5). Chin et al., (2002) illustrated that AHP is a powerful
approach in solving fuzzy and ‘complex decision problems. In addition, Saad and Grindy .
(2007) iﬁdicated that AHP could be usefui fOr decision making process by allowing
decision makers to evaluate the significance of obj éctives (criteria) and finding
altemative;. For more than two decades, AHP may' be studied as part of the curriculum

includes techniques of decision making in the faculties of engineering and business.
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AHP is a problefn-solving framework and a systematic.prbcedure for representing the
elements of anyv problem (Shahin aﬁd Mahbéd, 2007). Udb explained tﬁat the AHP
technique has been adopted in many abplications such as - business performance
evaluation, project selection, auditing, public p.olicy, marketiﬁg, health. care,
transportaﬁon and many other areas (Udo, G., 2000).
The AHP. approach is constructed generally from the three essential steps (Shahin and
| Mah_bod, 2007). . |
These three steps are:
1- Start struéturing top down and then determine first objective criteria and
alternatives that affect the goal. |
2- Compérison analysis, o_nbe the hierarchy has been structuréd, the second step
is to identify the ratio of the priOritiéé in thé hierarchy.
3- Total local weights to the priorities of this compound is the last step, through
the princiﬁal of the hierarchic composition that first multiplies locél weights by
the product of all higher level priorities. Within the hierarchy vof this process‘
turns local to global loads measured the ifnportance of each held in -a‘pyramid.

Then, the alternative with the highest composite weight is selected.

3.7 1 Justification of using the AHP |

According to Zanakis et al (1998) several have been found for solving multi-attribute
decision making problems (Madm). Different methods might give different resﬁlts when
'ap'plied to the same problem. They examined the performance of eight methods:
.ELECTRE, TOPSIS, Multiplicative Exponential Weighting (MEW), Siﬁple Additive
Weighting (SAW), and four versions of Analytic Hierarchy Process (AHP). SAW wa.s

selected as the basis to compare the other methods, because of its simplicity makes it
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used a lot by practitioners. Geﬁerally, all AHP versions behave similarly and clése to
'SAW than other methods. Mohanty and Venkatgraman (1993) indicated that the
advantages of AHP dver other methods is that, it is designed to deal vﬁth tangible as
weil as non-tangible criteria; especialiy those in which the subjective judgements of
persons constituté an importént parf of t‘he. decision process.

The author would like to point out and justify the following reasons for using the AHP
in this research program: | |

1- The AHP model is a structured method to find thé preferences of managers and
decision makers in an easy and understandable way (Saaty, 2000., Yang, 1997). |

2- The AHP model encourages the process of learning and database (Vries, 2006).

3- .The hierarchical structure of the model provides decision mékers with possibility to
decide whether Criterié at all levels of the same system F(Yang, 1997).

4- Sevéral commercial software packages based on the AHP approach is available (e.g.
| Exbert ChoiCe). | | |
5- By means of ﬁsing .AHP model, it is possible to verify the model consistency options.
" 6- AHP model can be used to as a tool to reach group éonsénsus (AL-Subhi and Al-'
Harbi, 2001). -

7- The AHP model is é robust model corf_lpared to other multiple criteria- dgciSion
- models (Santana, in Salomon, 2001).
8- AHP can deal with different types of daf_a in many ways, such as the merging of |
intangibie with tangible data. (Vérgas and Saaty, 1981; Calz_mtpne et al.,1999).
~ 9- The AHP model combines .t'ogether quélitativé and quanﬁtative factors in an included
decision_—ma_king framework and can be considered as a helpful'tool for difficult making
processes.. It reduces complex decisiqns to a series of one to one compaﬁson (Vries,

2000).
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'10- AHP allows a number of persons and groups to share equally in the decision-
making'process. It can also proVidé an impor“cant link for developing frust-and true

group participatioh (Shahin and Mahbod, 2007).

3.8 The validation of model

After the AHP proposed mod.cfl was deVelOped that is linking the goal of the model with
the criteria and sub criteria which determines the selection and prioritising of the hard
power gerieration techrioldgy for develoliing countries. -Theb'results of the proposed -
model ‘are discussed in chapter five and the results are shown in table [ERY and'ﬁg.
(5.1). The sensitivity analysis Was condubtéd to check the ‘imrpact of the changiﬁg the
criteria and sub criteria on tlie final seléction of tlie hard pswer generation technology
and that is presented in tables in chapterv ﬁve. |
- Also, the pair wise (iomparison is coinputed using the AHP software and the results are
éxplained in details aiidvpresented in table (5.2) and ﬁg.(S.éj.
Now fhe moment was come td check theb validity of the 'proposed model of power
generation technology. Before we started the validatioil process, it was essentjal to
collect a qualitaiive data to examine the inodel from the real world of power generation:
plants that will reflect the actual comparison of different criteria and sub criteria. A |
~ questionnaire fechnique was chosen to. consult people working‘in power generation
sector in the UK anci Libya. This validation rﬁeihodolo’gy and processing is explained»iii

details in chapter seven.
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CHAPTER FOUR
HARD TECHNOLOGY
IDENTIFICATION AND CRITERIA
* FOR POWER GENERATION

. TECHNOLOGY



4.1 Introduction

In this chapter,‘ it is focused on electricity generation industry in general and its
importance for developing countries. Also here, the evolution of generating electricity -
methods 1s followed throughput the years and how different technologies are de'veloped
from simple reciprocating engine to nuclear power technology.” ‘

The airn of this chapter is to identify different hard technologies suitable for power
electneity generation (appropriates) for developing countries and to build a model to
select the hard technologies. Nine electricity generating technologies‘ have heen
explained aio.ng with their costs and environmental effects. This chapter includes tables
to show the size of different technologies around the world, some hard technologiesi are
'determined‘ and some other téchndlogies are eliminated from the model. Some
important criteria are selected and some suh-criteria are chosen t00 to help. to clarify and

build the model.

4.2 Electricity 'gener.a'tion

Electricity de'ﬁnes the'modern world. Everything that we think about inodern, from
| electric lambs, through radio and television to other home appliances, electronic
devices, computers and all other of the information age equipment depend on electricity
for their operation and.Working. |
Today the people of develoi)ed countries take electricity for granted while those of
~under developed countries and regioné yearn for it. The supply of electricityis both an
expensive and complex procesé. Increasingly, electricityvhas'become a security issue;
While people apart from modernity can still live their lives without electricity, avmodem

industrial nation depends on its electricity supply.
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This research work is primarily based on the ways of generating electricity. The
transporting and delivering it to .those who wish te use it. Nor does it treat, except
| obliquely, the politicalb issues that attach them selves to the snpply of electricity. What it
does attempt, is to provide an explanation ef some ‘ways that man has devised to

" produce this most elusive of energy_forrns (Breeze, 2005).

4.3 The evolution of electricity generation technologies

The earliest power stations used‘reciprocating steam engines to generate power. These

engines were not ideal for the purpose because they could not deVelqp the high

rotational speeds required to drive a generator effectively. This difficulty was eventually -
overcome with the invention of a steam turbine by SirCharles Parson in 1884. ‘Fuel for

these plants was.normally coal, which was used to generate steam in a boiler. ,

| Hydr.opower also entered the power generation mix at an early stage in the developrnent

of the industry. Much of the key work of different turbine types using to capture power

_from flowing water was carried out in the second half of the nineteenth eentury.

By the beginning of the twentieth century beth the spark ignition engine (petrol engine)

and dieseI' engine had been developed. These twe were used for generating electricity.
Before World War 1I work had also begin in the use of wind turbines as a way of
generating electrical power. But untiI. the beginning of 1950’s, steam turbine power

stations burning coal, 'and sometimes other fossil fuels, together with the hydropower

stations, provided the global power generation capacity.

In the 1950’s the age -of nuclear power technology was born. Once the principal \ivas

established; eonstruetion of nuclear power statiens accelerated fast. It was widely

thought Was a modem source of energy for the modern new age;' it was cheap, clean and

technically exciting.
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Nuclear power continued to expand quickly in the t)’SA up to the laté 1970’s. In othef
parts of fhe world, uptake was slower ﬁut Great Britain, Ffance and Germany in\'/ested v
. heavily. In the Fare; East, Japan, Taiyvan énd South Kbrea wbrked more élowly. Russia
developed its own plants and Indié began a nuclear program, as did Cﬁ’ina,

‘From the end of 1970s the brightness Of nuéleaf industry began to tafnish. Since then its
progress has slowed practicaily in the west. In‘ Asia, however, the dream remains aliye
-for é longer time.

- At the beginning of the same decade,bin 1973 to be precise, fhé Arab-Israeli war Vcaused
a major incfease‘iri world oil pﬁces rose dralﬁatically. By then oil had also becmﬁé a
major fue'l fdr po§ver stations. Countries that were burning it extensivé_ly bcgan .to look
for new Ways of ‘genera‘ting electﬁcity and interést in reﬁewable 'energy sources began to
take place. - | | |
The stimulus of rising oil prices led to the investigation of a wici.e'varie‘zty of diffefent
enérgy techﬁologies such aé wave power, hot-rock geothermal hot-rock power and the
use of ethanol derived from crops inétead of oil. However, the main vﬁnners among
these technblo gies were soiar and Winci power.

Development took a long time but by the end of the céntury both solar and wind
| .technologiés had r¢ached a stage Where they were both technically and economically .
vital. There was considerable reasAon to hope that bofh wbuid be able to contribute
significantly to the’ electrical power generation mix in the_ twenfy-ﬁrst century.

V‘ One further‘legacy éf | the early 1970s that Began to be taken into account in the
electricity industry during the 1980s was a widesp_read concern for the environment.
. This imposes the industry to implement wide-ranging measures to reduce environmental
- emissions from foséil fueled power plants. Some other power generation technologies

‘such as hydropower were also affected too.
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The gas turbine I.)egan't‘o make a big impact during the1980s as an engine for power
stations. The machine was perfected duriﬁg and after the Second World War as an
aviation power unit but soon tran_sférr'ed to the power industry for usé in electrical
power plants supplying peak demand. |
During the 1980s, the first large base-load power sfationé using both gasb turbines and
steam turbines, in a éystem known as combined cycle plant, were builf:. This
conﬁg‘uration. has become the ﬁiain source ‘of‘ new base-load ge_neratiﬁg cépacity in
many countries where natural gas is available. |

On ‘the‘start of the 'twe‘nty first century, it has seen renewéd emphasis on new and
- renewable sources of eleCtricify. Fuel cellé are technically advanced but can be -
considered an expensive"source of electricity, are approéchjng‘ commercial viability. _
There is rehewed interest in deriviﬁg energy from oceans, from waves and sea currents,
and from the he‘at of tropical .seas. Offshore wind farms have started to spread arouﬁd
the shores of Eufope.

The Story of the twenty-ﬁrsf century is vlikely to be the challenge .between'these new

' technoiogies and the bld combustion,technol-ogi.es for dominance within the power

generation industry (Bréeze, 2005).

4.4 The size of the industry
‘How big is the électricity industry? Tébles in this chapter provide the answer. The ﬁfst
tab1¢ shows thé amount of electricity generated across the global in 200‘0. Production is
broken down in tﬁe table both by region and type.

Gfoés elecfricity genéréted in 2000 was 14,618 TWh. This is equivalent _fo roughly
1,670,000 MW power étaﬁoné rﬁnning continuously for a year. In fact, ’Fhe acfual global

installed capacity in 2000 was over twice that, 3,666,000 MW.
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When generation is brokeﬁ down by type, thermal generatibn is seen to be biggest. This
category refefs. to power generated from coal, oil or gas. These three fuels were
responsible for 9318 TWh, 64% of electricity genefated in 2000. Hydropower was the
- next rﬁost impbrtant source of generation, providing '2628. TWh (18%) with a nuclear

power a close third (2434 TWh, 17%). -

Table (4.1) World electricity production (TWh, 2000)

 Thermal power Hydro Nuclear & other Geothermal Total
North America 2997 - 658 830 99 4584
Central & South : )
America . 204 545 11 : 17 777
Western Europe 1365 558 849 . 75 2847
Eastern Europe &
former USSR 1044 254 266 4 1568
Middle East 425 14 0 0 439
Africa 334 70 13 0 : 417
Asia and Oceana - 2949 529 465 43 3986
Total 9318 2628~ 2434 ; 238 14,618

~ Source: US Energy Information Administration,

Table (4.2) World electricity generating capacity (GW), 2000

" Thermal power Hydro Nuclear & other Geothermal Total

North America

662 176 110 C17 965
Central & South :
America 68 115 3 3 189
Western Europe 360 147 128 14 648
Eastern Europe & - '

"~ Former USSR 299 80 - 49 0 428
Middle East 97 4 0 0 101
Africa 82 20 "2 . 0 104
Asia and Oceana 684 171 70 5 930
Total 2252 713 362 39 3366

Source: US Energy Informaﬁon Administration

By region, North Ameﬁca produced thé largeét amount of electricity in 2000, followed
By Asia and Oceana. The most striking regional figure is that f‘orvAfrican‘ production,
417 TWh of less than-ohé-ténth of Noﬁh Arherica. Central and South America also has
low output, 777 TWh. If one wants to identify the poorest region of the world, one

needs to look no further than table 4.1.
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Table 4.2 provides values for the actual installed generating capacity Whiéh existed
across the globe iﬁ 2000. The ﬁgures‘here broadly mirror those in first table, but there
are one or two features to note. |
Firstly, global nuclear capacity is only half that of global hydropower capacity but
contributes alrﬁost aé much electricity. This réﬂects the fact thét hydropower i)lants can
not run at 100% capacity thfoughout the year because they depeﬁd ona _supply 6f water
and rain fall and this will vary from season to season. Nuclear power plénts, by contrast,
woyk best if they are always operated flat out.
.Secondly the gross capacity, 3366 GW has twice as much generating capacity as is
required to generate the electricity in table 4.1, if every station was running flat out all
the time. Clearly many plants are Wbrking at less‘than.half capacity. There will be spare
capacity in many regions of the world which is only called on during times of peak
demand.
It fhight be seen that, as both tables indicate, Central and South America rely on
renéwaﬁie source, hydropower, for the maj bﬁfy ’éf fheir electricity. In every other region
of the world, thermal power plaﬁts are dominant. The composition of the world's power
' generating cépacity is not likely to remain ‘static. New types of generaﬁon technolo gies
are becoming evef more competitive and thesev can be expected to prosper as the present
‘century advances. Rérie&able technolo gies, in partipular, will advanc;e as environmental
‘concerns and the cost of fossii fuels réstrict the use of thermal power stations (Breeze,

2005) and (Zhang, et al., 2005)

4.5 The environmental considerations

The power generation industry, taken as a whole, is the biggest industry in the world.

As such it has the largest effect of any industry on the conditions on earth. Some of the
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~ effects, particularly the ones associated with the combustjoﬁ of fuels (fossil), are far-
reaching bbtﬁ geographically and temporally (Neij, 200 8).

Awareness of the dangérs associated with this and.other aspécts of power generation has
. bgen slow to but since the 1997s a series of events have provided graphic evidence.
“Acid rain duﬁng the 1980s; nuclear disasters such as v_Ch‘ernobyl in 1986 in Ukrairie;
critical reviews_of large hydropowef projects in. tﬁe 1980s and 1990s; the recognition of
the dangers of globai Warming during the 1990s; the ever-present haze that has blighted
mapy of the world’s cities for 20  years ana more: at the end of the twentieth century
concerns for the environment were major international .issues.‘ o
As a-consequence of this, environmental concerns are beginning to shape and affect the
power génerétion industry. This is an effect that will continue throﬁghodt the coming
decades of the twenty-first century.

There are envirdnmeﬁtal considerations Which relate to each different type of power
generation 'teéhnology. These are considered concérned in turn, in conjunctiori with the
fechnologiés, this work has taken into account the environmental factor which is so

important in deciding the selection of the power generation technologyv(Breeze, 2005).

; 4.5.1 The evolution of environmental aWareness

Man has always changed his or her surroundings. Soﬁie of thosé changes we no longer
even vrecognised; the 'clearing of forests to create the agriculturai fanﬁland's of ‘Ehrope
for example.

Similar chahges elsewhere are more obviously detrimental to lscal or globsl conditions.-
Tropical rain forssts grow in the poorest of soils, and to clear them ahd the ground is of
very littlé use. Not only this, but the removal of forest cover cén lead to erosiop, and

flooding as well as the loss of ground-water. Most of these effects are negative.
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Part of the problem is the increasing sizé of the human population. Where native tribes
could survive in the rain foi‘ests in Brazil, the encroachment of outsiders has led to ‘iheir
erosion. |

A simiiar effect is in power generation. When the demén’d for electricity was limited,

-the effect of the few power stations needed to supply that demand wés small. But as
demand has risen, so has the cumulative effect. quay that effeci is of such a magnitu(ie
that it can not Be ignored. |
Consumption of fossil fuel is the first exami)le. Consumption of coal has giown steadily
since the industrial revolution. The first sign of trouble resulting from this practice was
the‘ever-Worsening pollution in some rhajor big cities. In Lond}o‘n‘ the word smog was
invented at the beginhing of the ~twéntieth century to describe the terrible clouds of fog
and éinoké that could laSt for déys.‘ Yet it was only in the 1950s that legislation was

finally introduced to contrql the burning of coal in the UK capital.‘

| Consumption of cQall still increased but vidth the use ovf smokeless fuel in cities and tall

stacks outside, problems associated with its combustion appeared to havé been solved.

That is until it was discovered that forests in parts of northern Europe and North
.Americé were dying and lacké were becoming lifeless. ‘Duriiig the 1980s the caiuse was

~ identified; qcid rain resulting from coal combustion was to blame.

‘By thé end of the 1980s scientists began to fear that the temperature oil the surface of
the earth iNas gradually rising.. This has the potential to change i:onditions everywhere.
Was this a natural change or manmade? Scientisfs did not know.

Asv studies continued, evidence suggested that t}ie effect was, in part, at least, manmade.
The rise in temperature followed a rise in the conceiitration of some gases in fhe
atmosphere. Chief among these was carbon di_cixide. One of the main sources of extra

carbon dioxide was the combustion of fossil fuels such as coal.
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If this is indeed the culprit, and it would appear prudent to assume that it is, the
consumption of .stsil fuel must fall, or rﬁeasures must be introduced to remove and
secure the carbon dioxide produced. Both are expensive. It has now beeome one of the
maip challenges'for goverpments all over the _World to reduce the amount of carbon -
dioxide being released into fhe atmosphere without harming their ecohofnies.

The way in 'which fossil fuel is used in power generation is gradually changing as a
result of these discoveries and the legislation that has accompanied them. Other
'techhologies aleo face challenges. Nuclear power is coneidered by some to be ‘as
‘threatening as fossil fuel combustion. Hydropower has attracted Bad publicity in recent
years, but should still have an important part to play in' future power generatio_n. “
Meanv;fhile there are individuals an& gioups prepared to go to almost any lengths to

, preventrth'e construction of wind farms which they consider unsightly (Neij, 2008). -

_‘ 4.5.2 'The envirenmental effects of power gen’eraﬁon

Most human activi’ey has an effect on theenvironmenf ar_ld; as already mentioned above,
power generation is no exception. Some of these effeets are more seriously harminé
~ than others. The atmospherie pol_lutionsl resulting from ceal-, oil and. gas combustion |
have had obvious effects. But combustion ef fossil fuel releases a significant amount of
heat into the environment, mosﬂy as a result of inefficiency of the energy.conversion -
_process. -

: 'PoWe; stations: have a physical presence in the environment. Some people will consider -
this a visual intx_'psion and invasion. Most fnake noises, another source of irri’eation.

There are electromagnetic fields associated with the passage of alternating currents

tﬁrough power cables. A power plant needs méintaining, servicing and often needs -

supplying with fuel. That will generate traffic and disturb.
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Clearly some of .these effects are mbre jfar-reaching than others. Eyen so, the Jocal
effects of a power .station may be a significant issue fbr_ the immediately adjacent
pobulation) Deciding what and how much weight must be given to such,c_onsiderations
when plénriing future generating vcapacity can be >a fearsomely difﬁcult issué. It is ther
big issues, howev-er, paﬁiéularly 'global V\\(arming which may have the most significant

effect of the future of powér generation (Breeze, 2005).

4.5.3 The carbon cycle and atmospheric Warming

The combusﬁon of fossil fuels such as Acoalv, oil and natural gas rel_éase's significant
quantitiesiof carbon dioxide into the atmosphere and environment. Since the industrial
revolution the use of these fuels has aCcelefatéd. The consequence appears to have been
a gradual increase in fhe concentration of carbon dioxide Within'th'e earth's atmosphere.
Befére thé industrial re\v/olution, the concentration of _carbon. dioxide in Vthe earth's |
atmosphere wés around 270-280 ppm. Between 1700 and 1900 there was a gradual
increase in atmospheric concenttaﬁons but from 1900 and onwafds the céncehtratioh
- changed more rapidly és sh'own in the table (4.3).

From 1900 to 1940 atmosphérjc c’arﬁon dioxide increased by around 10 ppﬁl, from 1940
to 1980, it iﬁcreased'by 32 ppm and By 2000 it had increased by a fﬁﬂher 30 pprﬁ. By
then fhe total concentratiox‘ly was fgund to be 369 ppm, an increase t_>f over 30% since

1700.
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Table (4.3) The atmospheric carbon dioxide concentrations

Year Carbon dioxide concentration (ppm)
1900 293
- 1940 307
1980 . 339
2000 369
2050 440--500

2100 500--700

If the increase in carbbn dioxide concentration is a direct result of the cbmbustion of
fossii fuel then it will continue to rise until combustion is stopped or better treated.
.Estimates of future conc‘entrations are at best speculative but the above table includes a
range of estimates for both 2050 and 2100. The worst case in the table showé
, cbncentrations doublirig in lOO years.

There isl further warning. While the vcvidenc‘:e of a fossil fuel concentration with ihé )
increase in éoncentration of carbon dioxide is compelling, thé cycling of carbon
.betv;leven the atmospilere, the sea and the biosphere is so complex that it is impossible to
be certain hoW éigniﬁcé.ht the manmade changes are the main cause. |

The atmospheric emissions of carbon from human activities such as the combustion of
coal, oil and.natﬁr‘al gas amount to a total of arouﬁd 55G tbnnes'each year. While this
is a big figure, it is tiny cofnpared to the total carbon content in the .atmosp‘here of 750 G
tonnes.

This étmosphén'c carbon is part of the global carbon cycle. There are roughly 2200 G
tonnes .of carbon contained in vegetation, séil and éther organic material on the earth's
surface, 1000 G tonnes in fhe ocean surfaces and 38,000 G tonnes in deep océahs.

The carbon in the atmosphere,-primarily in the form of carbon didxide, is not static.
Plants absorb atmospheric carbon dioxide during photosynthesis, using the carbon as a

building block for new molecules. Plant and animal respiration on the other hand, par’t
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of a natural process of changing fuel to eﬁergy, releases carbon diovxic.le into the
étmosphere. As é resulﬁ there are probably around 60 G tonnes of carbon cycled
between vegetation and the atmosphere‘ each year while a further 100 G tonnes is cycled
between oceans and the atmosphere by a process of release and reabsorption. Thus the
cycling O,f carbon between the atmosphere and the e;lrth‘s surface is a complex ex¢hange
into Which the human contrib.ution is ﬁﬁle.
The real significance of the additional releas‘e of carbon dioxide resulting from human
activi‘ty depénds on the interpretation of various scientific ‘observations. The most
serious of these relate to a slow’increase.in temperature at the earth's surface. This has
“been attribufed to the gréenhouse effect, Whereby- carbon dioxide and other gases in the
atmosphere allow the sun's radiation to penetrate the atmosphere but pre.vent heat
leaving, in effect acting as a global insulatof.
If human activity is responsible for globél warming, then unless carbon dioxide
emissions are well contfélled and eventiially reduced, the temperature r‘i.se will continue
and niay accelefate. This wili lead to  a number of major changes tov the global
conditions. The polar ice caps will melt, leading to a ris¢ to sea level which will ﬂood ‘
many low lying areas of land. Climate conditions will change. Plants will grow inore.
quickly in carbonvdioxvide rich surroundings.
Not all of scientists égree that phanges in our ﬁractices can control the global changes.
- There have been large ‘changes in .atmospheric carbon dioxide concentrations in the past
and large temperature ﬂuctuaﬁbns. It’ remains plausible that both carbon dio?(ide
cbnceﬁtration changes and global temperature chahges are part of a natural cycle and
that the human contribution has no big influence.
It may be impossible to find absolute conclusive proof to support one argument over the

other. If human activity is responsible, the change may become irreversible. Besides, it
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is clear that combustion of fossil fuels creates more carbon dioxide than would naturally

have been available (Breezé, 2005).

4.6 Why powei‘ generation technology?
It-is very well known that iack. of access to clean water sanitation is a problem which B
affects é vast nﬁrhber of people. This iss1;e is addressed in many ways. Firstly, by those
focusing on local, simple‘ technology and secondly by those who place technology
within a wider context. | | | |

A wafer source normally ignored is municipal and industrial watver. This has., as the
name suggests, largely gone fo' Waste until now.

According to R, Heeks, the t_echnélogy alone is not enough. Long term strategies for
operation and maintenance must be Viavlble, and this means that beneﬁ‘ciaries must
- participate in the introduction and use of technologies so that they accept responsibility
and feel ownershi_p of the .projects. Where political objectives' or power conflicts
intgrvene-as they often do- the ‘i)roject may well fail, whatever the nature of the
technoloéy used. |

The differentiation of apf)roach between the purely techm'éal and that with a wider i
agenda is aisb found m the decision of .energy. Energy use in developing countries lies
far below that for the industrial world- 63 kg of oil equivalent pef capita.in the least
deyeloped countries in 1990 compéred Wi;[h 4937 kg in the North countries. As a fcsult,
it is the Northern nations which make by far the greatesf contribution to CO2 emissi_ons
" (and some other environmeﬁtally damaging outputs). Nevértheless,‘ energy use 1is
growing faster in the South as well, and fhere is a desire that enefgy should be produced

ina Way that is sustainable (Heeks, 1995).
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| 4.7 Different types of power generation technologies

Theré is no doubt that the essential 'nééd for human beihgsL is fresh dr,inkingv water, food

and electricity to drive aﬁd i)rovidé all machines and equii)ment around him which are |

essential for human sﬁrvival_. In this research- work; it is decided to con(ientfate on power

~ generation _techpologies selection of the hard technology for deve'loping countries. This
Work is 'going to take into account most of the signiﬁcant criteria which may effect the

electrical generation technology selection.

4.7.1 Coal fired power technology

Coal is the world’s most'vital and most widely used fuel for generating electricity.
According' to the World Energy Council, it pr'ov‘ide‘s 23% of total. global primafy energy
demand and 38% of electricity production. Total world production of coal in 1999 was
4,343,151,000 tonnes and utilisaﬁon was 4,4'09.,815,000 tonnes.

The importance of coal is reinforced by ﬁatiqnal sfatistics from the main. glo‘bal
‘consAumers. In the USA, coal fired plants produce 51% of the nétioh’s power. This_
~dominance is expectéd to maintain well into ‘the twénty-ﬁrst century. In China, coal
fired stations were genefatiné 65% of the electricity in 1988, .and by"the'beginning“ of
the twenty-ﬁrst' century 75% of thé county’é electricity came Afrom fossil fuel, mostly
coal. In India too, fossil fuel, once more primary boal, accounts for around 71% of ,}
instaliéd capacity. | |

The major attraction of coal is its a'buhdance and availability. Significant deposifs can
be found in most parts of the world, from USA to South Africa, across Europe, in many -
parts of Asia and in Australia. EXcepti'ons 'exist, such as Japan and Taiwan, where
resources are limited; these countries import huge quantities of coél. Among the

" continents, only S_duth America and Africa-outside South Africa- have limited reserves.
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According to the World Energy Council’s 2001 Survey of Energy Resources, the
proved recovérable world resources bituminous coal, sub-bituminous _coals and lignites
amourr’rs to ‘984,453 M tonnes. (Anthracite, the hardést coal, is hardly ever used for
power generation whcn alternatives are available)_. Frgures for these reserves, broken
down by coal type and by region, are shown>in the table t4.4). - |
bFigures for proved res'erves, such these are in table (4.4), reflect thé extent to which a
resource has been surveyed ratlrer than offering a measure of the real amounts of coal
thaf exist. Potential reserves greatly exceed the identified reserves, and estimates of the
latter are usually conservati\;e. At current consumption levels, proved reserves of coal -
can continue to provide energy for at least 200 yeérs..
Coal is thé cheapest of fossil fuels, another reason why it. is attrzrctive to power
»'ge‘nerators‘. However it is costly to trarlsport, so the best site for a coal-fired power plant
is clbse to the rrline that is supplying its fuel.
Coal is also the dirtiest of the fossil fuels, producing large quantitiés of ash, sulphﬁrous
ernissions, nit_rbgen oxrde. (NOx) emissions and carbon dioxid'e, and releasing
| s.i;gniﬁcant concentrations of trace metais. As a result the.COmbus'tion of coal has been
~accountable for some‘ of the worst environmental damage, barring accidents, created by‘ '
heavy iﬁdustry anywhere in the world. |
‘In consequence, coal ilas_ developed an awful environmental image. But developments
since the 1980s aimed at-corltrolling erﬁissiOné from coal-fired piants, combined with
new coal burning technologies, mean th.at. a modem coal-fired power plant carl be bbuilt_ :
to meet the Severe environmental regulations, anywhere in the World. Techni‘ques for
capturing sulphur, nitrogqn emissions and ash are well established. The next challenge
is ro develop cost effective'ways ‘of removing and storing carboh dioxide, for of all

fossil fuels, coal produces the major quantity of this greenhouse gas.
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- Recent coal-fired power piénts‘, with emissions-control systems, are more expensive
than the older style of plant common before the midf19805. Even so, éoal remains the
cheabest way of generating power in many} parts of the globe. Whatevér the
environmental constrains, the fuel will continue to offer a substantial proportion of the -
world’s electricity for much of the coming century (Rao.et.al., 2003) and (Breeze,

2005).

Table (4.4) The Proved global coal reserves

Bituminous ~ Sub-bituminous Lignite Total
(M tonne) (M tonnes) (M tonnes)

Africa 55,171 193 3 55,367
North America 120,222 102,375 35369 257,966
South America 7738 13,890 124 121,752
Asia 179.040 38,688 34,580 252,308
Europe 112,596 119,109 . 80,981 312,686
Middle East 1710 - - 1710
Oceania 42,585 2046 38,033 82,664
Total 519,062 . 276,301 189,090 984,453

Source: World Energy Council, Survey of Energy Resources 2001.

4.7.2 Gas turbine and combined cycle power plants

The gas turbine has seen a recent and dramatic rise in popularity Within the power
generation industry. Until‘ the end of the 1960s gas turbines were almost eﬁtirely the
preserve of the aviation industry. During the 1970s and 1980s they began to ﬁnd_'favoiurA -
as standby and peak power units because .of their facility for quick sfart—up. It was
during thg 1990s, however, ‘that they became e'stablished, so that by the twentieth
century the gas turbine had turned out tovbe one of the most widely used prime movers

for new power generation applications-both base load and require following;virtually
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evefywherc. It has been suggcs'ted that gas turbines could account,vfor example, for 90%
of new capacity in the USA in the next few years.

A number of factors contributed to this charigev iri fashion. i)cregulaticn of gas supplies,
particulérly‘in Euroi)c and the USA, and thke fast expansion of the natural gas networks
have increased the availability of gas while conspiring to keep prices of naturai gas low.
More and more severe emissimi-contro] regulations have pushed up the cost of coal-
fired power plants making relatively pollutant-free naturél gas look more éttracti\ie.
Power sector deregulation has alsc contributed, by attracting a ncw type of generating
company seeking quick_returns. Gas turbine based power statio_ns can be built and
commissioned tremendcusly rapidly because they are .based around standardised and
often .packaged units anci the capital cost of gas_turbines has fallen steadily, making it
cost-effectively attractive to these companies. |

The most importeint factor, however, has been the develoi)ment of the combined cycle
-power plant. This conﬁguratioil, which combines gas and steam turbines in one uilit ‘
power station, cari provide a cheap, hig}i capacity, high efficiency power gcﬁeration unit
with low environmental emissions. With net conversion efficiencies of the .largest plants
now karound 50 %, and k»with manufacturers claimingl potential efficiencies of 55% or
more iii plants ilicorporating their latest machines, the combined cycle plant provides
power generating comi)gnies with a pr’oduct that seems to promise the .best. economic
and environmental perfcrmance that technology can currently offer.

This unreserved pcpularity has occasionally led power generating companies into
difficulties. ‘In the UK, for example, there was a significant move towards gas fired
combined cycle povi/er plants during the 1990s. New market regulatioiis introduced at
the end of the decade led to maiket fall in electricity cost and meant that combined cycle

'plants could no longer generate power economically.
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Gas‘vturbines‘ are cheap to méke but the fuel-they 'burn,. nOImally natural gas, is relatively
expensive: The economics of gas-based gene're'ltivon is therefore extrenﬁely sensitive. to
‘both electricity and to gas prices. Gas turbines can burn other fuels distillafe or coal bed
methane for example. HoWevgr, the modern one is based on natural gas and it is upon

this their continued progress will rest (Stopatto, 2008) and (Breeze, 2005).

4.7.2.1 Natural gasl
The switch from coal}énd oil fired powér plants to nam;al gas-ﬁréd plants has become 2
global event. This can Be seen in gas production and consumptic;n statistics. 'World
Energy‘ Council Figuresvindicate that the production of natural gas gre_w.b‘y 4.1%
between 1996 and 1999. In Chiha gas use increased-by 10% in 1999 and in fhe Asia
Pacific region the increase was 6.5 % Africa cqnsumbtion has increased by 9.1%. N
- Globally the USA Wésv the largest consumer of natural gas in 2001 accofdiﬁg to btlhe Us
-Energy Informatioﬁ Adlﬁinistration (EIA) followed by Rlissia, Germany, the UK and
Canada respective1y. Russia and the USA, meanwhile, were the main producérs, vsharing-
between them 44% of annugl production in 2001. They 'were‘ followed by Canada, the
UK aﬁd Algeﬁa as the fifth producer. | | |
In Europe gas usage is expected fo ‘increése siéﬁiﬁcanﬂyduring the next twenty years.
According to Euro gas, consﬁmption Wi_ll rise ﬁom 332 million tonnes of o‘il equivalént |
(mtoe) iﬁ 2000 to 471 mtoe in 2020, a rise of 42%. Europe's principle users in 2000
 were the UK, Germany, Italy, France and thé Netherlands. Of these only the UK and the
Netherlands peruce a significant qu‘antity of gas. The other countries import the
" majority of the gasb they éﬁﬁsume. R
Of course not all of this gas is consumed in power statiqns, but a significant proportion

of it is. In the USA, for example, power generation along with their costs and
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_environmental effects a élong with their costs and environmental effects accounted for
around 20% of .ﬁatural gas in 2001. As already noted, the ’d‘rilvi,'ng forces behind' the
inéreasing'popularity-ofl the fuel gas within the power industry ére economic. Natural
gﬁs produces lower levels Qf atmospheric poilution than either coal or 6i1whe_n it is -
burnt. That includes sulphur dioxide, nitrogen. oxide (NOx), hydrocarbon particﬁlates
and carbon dioxide. Thus it is easier to meet emission regulations with a gas-ﬁred
power plant if conipared with a plant burning either coal or oil.

The gas industry is keen tq promote the idea of gas as a clean fuél, but critics.would
argue that its use is at best a sto-gap. A susteylinableénergy ’vfuture should rely on
’ renewablé sourpes of energy and gas is not reheWable. More importantly, the supply of_’

gas available in the world is limited and will run out.

Table (4.5) The proved recoverable natural gas resources

Reserve (billionm3) Estimated reserve life (years)

 Africa - 11,400 69
North America 7943 9
South America 6299 o 63
Asia ' 17,101 : 52
* Europe ' 53,552 . 58
Middle East 53,263 >100-
Oceana , 1939 - 46
Total o 151,502 - 58

- * The Russian federation contributes 47,730 billion m3 to this total.

Source: World Energy Council

The above table (4.5) shows that current proven reserves are expected to last for around
60 years at current levels of consumption.
"It also shows the estimated recoverable natural gas reserves from different regions of

the world, based on numbers collected by the World Energy Council for its 2001 Survey
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of Energy Resources. As these figures illustrate, Europe and the Middle East have the
: largeét proven recoverable reserves of gas. (Note: however, that most of the European
reserves are.locatgd in the Russian Federation.)

North America and Westém Europe are téxing their l.mo‘wnb reserves highly. At 1999
rate of vgas broduction, proved -reserves in the USA would be exhaustgd in 9 years.
However, the estimated reserves femain énormous so this is no immediate cause for
_concern. Westem Europe, the Netherlands and Norway all have extensive reserves
remaining. Other countries proven vreserves are in a similar or worse situation to that in
the USA. Indeed Western Europe is to rely increasingly on imports from Russia and
Algeria, to maintain its supplies of gas. From an energy security perspe;:tive; this could

become a risky situation in the future (Wong, 2006) and (Breeze, 2005).

| | 4722 Natui'al gas costs
The usé of natural gas té produce electricity depends crucially on the cost of the gas.
Natural gas ié a mbre expeﬁsive fuel than coal, the other mgjor fossil fuel used for
power generation. Howevér the capital cost of a coal fired power plant is significantly
higher than that of a gas-fired power station. Hence the total fuel bill over the lifétime of
each plant deteﬁnines whether coal or gas can produce the cheapeSt electricity. -
Utility gas prices are often closely related to the price of oil, though deregulation of the
~ gas industry has weakened -th¢ link in some countries such as the UK. One 'r_eaéon for
.this link is that many gas-fired pbwer plants can easily be fired With oil and would
switch to oil if natural gas became more expensive. Thié fixes an uppér.limit on the cost
of nétural gas. (It is Wérth poting, howéver, that while sofne' g'.as-ﬁred steafn plants can
bumn oil, gas turbiné require distillate which is more expensive. Even so, most gas

turbine plants are designed for dual fuel using gas or oil.)
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Table (4.6) The global gas prices for power generation ($/GJ)

1997 1998 1999 2000 2001 2002

Finland 3.06 287 258 27 261 261
Germany 3.78 3.51 335 366 --
Taiwan 6.10 523 483 588 586 --
UK 294 301 275 251 265 194
USA 2.63 225 244 411 442 342

- Source: US Energy Information Administration.

- Table (4.6) collects annual prices of gas for power generation from a 'handful of
" countries between the years 1997 and 2002. These givebabr.oad indication of how costs
~ differ across the globe. The finished prices in the above table are remarkably stable over
theb6'year period, whereas in the UK, prices fluctuate ﬁluch more. Howevér, the USA
showed the largest range of prices, with the cost of gas for powér generation so}ar_ing in
2000 aﬁd 2001. Such volatility cén play havoc with poWér generation economics.

Where gas supplies’ are narrow or .nbn—exiStent the possibility exists to import liquefied
‘natural gas (LNG). LNG costs more than piped gas when the cost of liquefaction,
transportation and regasification are taken into account. This ié illustrated in the above
table (4.6) with gas pricés for Taiwan which are consistently the highest quoted. Even at
such a high price, LNG has proved attractive to countries like J épan, Taiwan and South -
Korea. In 1999_, a25% of exported natufal gas was in the type of LNG. Of this 75% was

transpoﬁed to the Asia Paciﬁc region (Beer, 2007) and (Breeze, 2005)..

'4.7.2.3 Gas turbine technOlo'gy
A gas turbine is a machine which hamesses the energy contained within a working fluid
- either kinetic energy of motion or the 'potential energy of a gas under pressure - to

generate a rotary motion. In the case of gas turbine this fluid is usually, but not
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neceséarily, air. The earliest manmade device for.hamessing thé energy of moving :elir
was the windmill, described by Hero of Alexandria in the first century AD.

The early windmill was a near comparative of today's wind turbine. Closer in concept to

- the gas turbiﬁe‘ was the smoke jack, developed in the middle of the second fnillennium.

| As described in the seventeenth cenfury by John Wilkins, lafer Bishopbo‘f Cheéter, the
vsmoke jack used hot air rising through a chimney to move windmill vaﬁes and drive a
.shaft which could be.used to turn a spit for roasting meat.

The principle of harnessing moving air to create rotary motion for driving mabhinery
was developed further duﬁng the industrial revolution. Following this principle, the
nineteenth century saw a‘hurﬁber of predeceSsoré to the gas turbine. These used some
form of compressor to generate a flow of pressurised air which was fed into a turbine.
Tﬁe diréct ancestor of the recent gas turbine was first outlined jn a patent granted to
German engineer F. Stolze in 1872. In Stolze's design, as in that of all modem gas |
turbines, an axial compré_ssor was used to generate a flow of high pressure air. This air
was then nﬁixed with fuel and ighited (combustion), .creating of flow of hot, highf
p_reésure gas fed intQ a turbine. Sighiﬁcantly the compressor and the turbine ‘were

| ‘niounted én the same shafft. |
Whereas the gas turbine supplied with pressurised gas from a separate compressor must
inevitably rotate provided it has beén designed correctly, the aﬁangement batéﬁted by

- Stolze need not ﬁecessarily do so. This is because the energy to §pefate theb'comp:essor
which provides the pressurised air té dﬁve the turbine is prodﬁced by the turbine itself.
Thus unless the turbine can generate additional work than is required to turn the
compressor, the energy for thi‘s beirig provided by the combustion of fuel that produce :
thé ot gas flow to dﬁve the turbine - the machine will not work. This demands

-extremely efficient compressors and turbines. Both need to operate at high efficiency of
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around 80%. In addition, the turbine must be able to accommodate very hot inlet gases
in order to derive enough energy from"fhe expansion va ﬂoW gas‘es. Only if these
conditions are met, the turbine will operate in a continuous ménner.

’_The‘ first maéﬁine, which could run in a continued fashion, was built in Paris in 1903.
This, thougﬁ, did not have a rotary compr.essor:on the same axis as the turbine;That
~ honour fell to a machine built by Aegidus Elling in Norway and operated later m 1903. -
In Elling's machine the inlet temperature df gas Was 400°C.

Development of the gas‘turbinf;' continued throughoﬁt the early years of the twentieth
‘cent.ury, the' aim remaining to generate either compressed air, rotary motion for
industrial usage. Then, around the 19305, the potential of the gas turbine to provide the
motive force té flight was re-organised and aircraft with jet engines,bésed on the gas
turbine were de\?eloped' in Germany, the UK and in the USA. This led; in turn, to
modern ai_rcraft engines that power. and support the World's’ airline fleets. :

During the 1970s and early 1980s gas turbines began to find é limited appl_ic.atibn in
power generation Because of .their abiliiy tc; staﬁ, up quickly. This made_ them véiuable
as reserve capacity, broﬁght into service only when grid demand came clbse to available
capacity. These units were Based on the éero-engines from which they were derived but
by theAlvate 1980s bigger, heavy gas.turbine_s were under development. These -wér_e

proposed ,sblely for poWer genération (Fetescu, 2003) and (Bréeze, 2005).

-4.7.2.4 Environmental impact of gas turbine

. One of the primary advantages of gas turbines ié they produce relatively low pollution,
at least compared with coal fired power plants. In the developed countries of the'world
where emission control became a high profile issue, this has had a significant effect on

" the choice of technology for novel generation capacity.
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‘ Most gas turbine poWer planfs bumt natural gas whiclh is a clean fuel. Gas turbines are
extrémely sensitive to levéls of inipurities in the fuel, so fuel derived frorﬁ other
sources, such as gésiﬁcation of coal or biorﬁass, must be widely cleaned before it can be
burnt in a gas turbine.

Even so, gas turbines ére not entirely benign. They can produc'e consideréble quantities
of NOx, some carbon monoxide and 'small‘amounts 6f hydrocarbons. Of these, NOx is -

generally considered the biggeét problem.

4.7.2.5 Cost of fhe gas tlirbine power Stations

In 1994 a report commissioned by the Centre for'Energy énd Economic Development
set the capital cost of a new cbmbined cycle power plant to Be built in the USA aﬁef the
year 2000 at US$ 800/KW. In 2003 the US, EIA estimated the overnight cost of a US
combined cycle plaht in 2001 which woﬁld commence generating pbwer in 2005 to bé
. _US$ 500 to 550 /KW. The'simple cycle combustion turbine cost ‘USv$ 389/KW, the EIA -
.estimated. | |
1t is difficult to obtain actual gas turbine costs becéuse competition is severe and
manufacturers are loath to releaise prices. The only real basis of d'ata,' therefore, is vfh_e :

available contract prices for actual projects (Neij, 2008). -
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Table (4.7) The combined cycle power plant costs

Capacity Cost . Cost/KW' - Start up
MW)  (USS million) (US%)
UK (Teesside) - 1875 1200 ' - 640 1993
Bangladesh 90 100 ' 1110 1995
India (Jagurupadu) 235 195 - 830 1996/97
Malaysia (Lumet) 1300 1000 770 1996/97
Indonesia (Muar) 1090 - 733 670 1997
UK (Sutton Bridge) 790 540 680 1990
Vietnam (Phu My3) 715 360 500 © 2002
. USA (Possum) 550 370 670 2003
- Algeria- 723 428 v 590 2006

Pakistan 775 543 . 700 -

Source: Modern Power System

-Dependingv on location, other estimates suggest that infrastructure costs a'nd land prices |
‘could dquble this number. Even so, the cost is normally significantly lower than that of
a coal fired power plant.

In fact combined ;:ycle poWer plénts 'are the cheapest of most fossﬂ fuel fired electricity
generating stations to build. ThlS makes them particularly attractive for countries with |
Iimited resources for power plant construction. They provide a cheap and fast »add'ition
to generating capacity, and they Qill be ecoriomical‘ too, provided the cost charged.for B
the power generated is high to cover generating costs and loan repayments.

Operational and maintenance: (O&M) costs for the | gas. turbine plants are highly
competitive in relation to coal. The EIA estimated that the variable O&M costs for
combined cycle plaht (in 1996 prices) 2.0_ mills’kWh and the} fixed O&M costs15.0
miils/kWh. This ‘compares with 325 and‘ 22.5mills/kWh for a conventional coal-ﬁ’red
’perf staﬁén. '

Unlike a coal ﬁreci'powér stétion, where much of the plant can be manufactured in the

“country where.it is Being built, a gas turbine is a highly technical and complex machine
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which can only be made by a narrow number of manufactures. This means that most
countries- need to import all thé gaS turbines they use in electﬁcity genérating stations.
Depending on the type of finance, this could niake gas-turbine-based power piants less
" attractive than the coal ﬁfed altgrnative.

Such considérations have declined the use of gas turbines in developing countries that
have not embraced private power production. |

With a gas turbine poWer station, capiial cost shows a small part of the total economic
: .picture. More important is fhe cost of the fuel, which is higher than the cost of the fuel
for'the competitive co‘a‘l.-ﬁred power station. - |
There are s'itua{‘ions where power from a gas turbine plant can éonifnand a higher pricé
 than that from a coal ‘ﬁ-rf:d plant. Gas turbines can be fired and stopped more easily, so
they cz;n be used>to follow the demand curve, éupplying peak power ’When- demand is
high. This ié more highly valued tﬁan base-load power. |
Thus the economics of the gés turbine plant are so complex. Even so, many planners
assumke that. is.‘currently the cheapest option, quoting a | generéting cost of around
$0.03/kWh. A current challenge to conventional thinking ‘put the génerating cost in the
- range of $0.05 to $0.07/kWh. This would make some renewable éources cheaper. Even
so, there is no evidence yet for a waning in popularity of the gas turbine for power

genération_ issﬁe (Breeze, 2005) and (Fetescu, 2003)..

4.7.3 Diesel engine power generation technol'ogy

Pistbn éngines or reciprocaﬁng enginés (the two tenﬁs aré often used interchéngeably to
- describe these éngines) are used throughout the wbrld in applicationsArang‘ing from
grass mowers to-cars, trucks, locomotiyes, ships and for power and combined heat, afld

" power generation. The in use is massive; the US alone prodhces 35 millions each year.
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Engines differ in size from less than 1kW to 65 MW. They burn and use a wide range of
fuels including natural gés, biogas, LPG, gaspline, diesql, bio-diesel, heavy fuel oil and
even coal. |
The power gcneration applicatibns of piston engines are extremely varied too. Small
units -caﬁ bé used for émergency power or for combined heat, and powef in homes and
offices. Larger stand-by units are often used in situations where a éontiﬁuous sﬁpply of
poWer is short and critical; e.g. hospitéls or to support highly sensitive computef
installations such as air traffic control. Many commercial and industrial facilities use .
médium-sized i)iston-engiﬂe-based combined heat and power units for base-load power
generation. Large engines mean it can be u‘sed’ for base-load, grid connected power
geﬁération, Whilé smaller units ére used as one of the main sources of base-load power
to isolated communities with no access to electricity grid. |
Smaller units are normally based on car or truck engines while the larger engines are
based on lécombti\?e or marine engines. Performance of these engines varies. Smaller
engine are usually cheap because of they are mass produced but they have relatively :low ‘
efﬁciénciés: and short lives. Lairger engines tend to be rﬁofe eﬁpénsive but they will
| opérate for much longer. Large megaWétt scale engines 'are brobabiy the most efficient
primé movers available, wilth‘simple cycle efficiencies approaching 50%.
There are f\No principle types of reciprocating engines, the spark—ignitidn‘engine and the
compreésion ignition  engine. The »laﬁér was traditiohally the most popular for power
generation applications because of high efficiency. However, it also produces high level
of étmospheriq pollution, pérticularly nitrogen oxides. As a result spark-ignition engines
buming gas have become the more popuiar units for power generation, at least with

developed nations. A third type of piston engine, called the Stirling engine, is also been
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develop‘ed for éome power generation applications (Silveira and Carvalho, 2004) and

(Breeze, 2005).

, 4_4.7.3.1‘ Engine size and speed

The speed at which a piston engine runs will depend on its size. In general small units’
can operate at high speed and large units at low speed. However since in most situations
a piston-engine-based power ﬁnit will. have to be synchronised to an electficﬁy grid
operating at 50 or 60 Hz and the engine: speed' must be 'é function of one or»other of
these rates. Thus a 50 Hz high speed engine will operate at 1000, 150.0 or 3000 vrpm
while a 60 Hz machine will operate at 1200, 1800 or 3600 (rpm).

Engines are usﬁally‘divided into three categories, high, medium and slow speed—engines
| Whgn classiﬁed to speed.

Engine perfbrmance changes Witﬁ spéed. High—speed engines give the greatest pdwer
output as a functiqn of cylinder size, and hence the greatest power density. However the‘
larger, slower engines are more éfﬁcient and can last lbnger. |

In écidition, standby sérviée or continuous output baseTIbad operation, piston engine
power plants are good at. load following. Internal combustion éngines operate w‘ell
- under partial loéd conditions. For a gas fired spark-ignition engiﬁe, output at 50 % loéd
is réu‘ghly’S» tolO_% lower than full load. The diesel engine perfornis better, with output.

-‘ hardly changing when load drops from 100% to 50%.

4.7.3.2 Compression engines

Cdmpression ignition engines or diesel engines use no spark plugs. Instead they use a

high-compression ratio to heat air within the cylinder to high temperature so that when
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' fuel is ﬁnallyb ’admifted' towa;ds the end of the: bompréssion stroke, 1t ignites

spdntaneously. The comp'ressionv ration is n_ofmally in fhe range of 12:1- -17:1.
‘The efficiency of diesei enginé ranges from 30% (high heaﬁng vélue,‘HHV) .for small

_ ¢ngines to 84% (HHV) for the largest engines. Research must push this to 52% .(HHV)
withiﬁ the next few years. Diesel “engines can be made to lafger sizes than spark ignition
enginés, with high-speed diesel available in sizes up to 4 MW and slow-speed diesel up
to 65 MW. Large, slow speéd engines can have huge ‘cvylinders. For exampie, nine
cylinders, 24. MW engiﬁe used in a power st‘atic')vn in Mééau has cyliriders with a
diameter as large é_ls ‘800 mm. |
The combﬁstion temperature inside a compression ignitiqn engine cyiinder 1s much
greater ‘t.han within a sﬁarkl ignition engine cylinder. As’anv outcome, nit}rbger»l’oxi(‘ie
emissions éan be 5—20 times greater than from an engine burning‘ natural gas. This can

~ prove a problem and emission reduction measﬁres may-be required to comply with

atmospheric emission regulations set (Breeze, 2005) and (Rao and Rubin, 2002).

'4.7.3.3 Environmental éonsid'erations
Piston - engine powerl'units geﬁerally burn ‘fossilA fuels and the eﬁviron’rﬁental
considérétioné that need to be taken_into account are exactly the same coﬁsiderations
that affect aﬂ coél, oil, and gas fired power plants; the emissions resulting from fuel
combustion. In the case of interﬁal combustion enginés, the main emissioﬁs are nitrogen
oxide, carbon monoxide and volatile organic compounds (VOCs). Diesel engines
particularly thése burrﬁrig heavy diesel fuels will also create particulate matter gnd some
| sulphur dioxide.
Nitrogen oxide is formed primarily'dhring combustion by a reaction between nitrogen

and oxygenin the air mixed with fuel. This reaction takes place more quickly at higher
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temperatures. In lean burn gas engines where the fuel is burnt with an access air,
temperatures can be kept' low enough to maintain low nitrogen oxide emissions. The-
diesel cycle depends on relatively high pressure and temperatures and as a consequence

of this produces a high levels of nitrogen oxides

- 4.7.3.4 Costs of engiheé

The capital ;:ost of a piston engine power plant generaliy depends on the unit size. Small
éngines are ;generally fnass produced and cheaper than théir larger relatives. However,

this is oﬁen compensating'by higher installation costs.

Thus typical total plant costs for 100 KW generator units is $1515/KW while a 5000

KW installation costs $919/KW. ‘ |

While plants in the 100 to 5000 KW capécity range are based on standard components,

large piston engine power plants generauy has a cost structure moré like a gas turbine

_power plant.‘ The Table (4.8) sl.mws the costs of a number of large diesel engine based
power stations. These plants are built in different countries, using different engine

configurations, and yet the unit costs of the plants all fall Within a remarkably narrow

range of $1100 to 1300/KW.

Table (4.8) The typical large diesel power plént éosts

- Project ~ Capacity Cost  Cost/KW  Start-up
MW) ($million)  ($) ‘
Kohinoor Energy, Pakistan 120 140 1167 1997
Gul Ahmed Energy Co, 125 138 1104 - 1997
Pakistan, Jamaica . . -
" Energy Partners _ .76 96 1263 -
APPL, Sri Lanka 51 N 63 _ 1235 1998 .
IP, Tanzania - 100 ' 114 1140 1998
KipeVu 2,Kenya 74 84 1135 2002

Source: Modern Power System
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Maintenance costs do vary with engine size. aqd type. Small, high—;peed engines
generally require the most frequent maintenance while lérger cn'gines can run for much
longer periods without any attention. Engine oil monitoring systems are often required, -
particuiarly in large engines, to examine wear rates. The US EPA found tﬁat
maintenance costs varied _‘between $0.007 and $0.02/KW fqr engines in the 100 to
5000/K'W range, with smallest engines incurring the highest costs.

Capital cost is a significant factor in the cost of electricity from a piston engine powerl
plant but the fuel cost is normzﬂly more important. On a cost per kWh basis, gas engines
up to 5 MW will nom#lly compete with gas turbine units of similar sizé, the higher
| efficiency of the reciprocating engine in simple cycle model providing a siight edge 1n
" many cases. The advantage of reciprocating engines may extend to engines of up to-50
MW under certain conditions. For example where the power plant is required to load
- follow, or at high altitﬁde, the réciprdcating engine has a significant advantage.

Diesel engines have a large use in sﬁpplying péwer to remote communities or isolated
commercial facilities. Generétion costs 'under these circumstahceé can be high if the fuel
- has to be shipped to the sité, addinrg’different transport costs. Often, the diesel unit is the
only viable source of power.
Renewable energy systems suéh as wind, solar and small hydropower now offer an
alte'matiye to diesel in some cases. US orders for stationary engines grew by 68% to
June 2001; with natural vgaé-ﬁred enginé orders up by 95%. This is a trend expected to

go on in the near future (Breeze, 2005).
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- 4.7.4 Nuclear polvét generation technology

Nuclear power is the most contentious of the forms of power generation. T o evaluate its
: vsigniﬁc'anee involyes political, strategic, environmental, economic and safety factors
wllich atffact partisan views far more loudly that any other method of electricity
generation.

‘ After'Worlcl War II, nuclear power generation grew and by the beginning of the 1970s
‘had grown into the big hope for unlimited global povlfer. In 1974, the US power industry |
alone llad ordered 200 nuclear- reactors and in 1974 _the US Energy Research and
Development Administration estima_ted‘that the US nuclear generating capacity could
reach 1200 GW by 2000. (Total USVgenefat’ing capacity in 2002 from all sources were
980GW). The UK,Gerlnany, France and‘ Japan be‘gan, to build substantial nuclear
generating capacity too.

' HoWever, as orclers Were being placed, the nuclear industry was reaching a watershed. A
eombin.ation of economic, regulatory and environmental factors conspired to bring the
development of nuclear power to stop the progress in the USA. Similar effects spread to

. all countries. . | | |

There were already environmental and safety concerns during the 1970s but two
dangerous acei(lents, one in Three Mile Island in the USA in 1979 and the ofher at
.Chern'obyl in the Ukraine in 1986, tnrned public opinion powerfully against nuclear
power. In response, new safety regulations were introduced, making .construction times
longer and;increaSing c.osts.vBy 1980s, 100 nuclear projects ln the USA alone had been |
- cancelled. To make situations worse, nuclear waste disposdl had become a political
- issue fhat needed to be resolved. As of ?;004, no new nuclear reactor had been ordered in

the USA since 1978.
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" The US still retains a large fleet of nuclear power stations. Some countries in Europe
and Scandinavia décided t§ cancel the option complefely. In 1978 Austrian people .voted
to ban nuclear power. Sweden voted in 1980 to phase> out nuclear power by 2010,
although thié timetable may yef be ébandoned.

Other Western countries such as France, Belgium and Finland remain positive about
nuclear power generation.

There are a big number of nuclear power plants in Eastefn Europe which are Russian-
design reactors. The safety of Russian designs has been a matter of wdrry‘siﬁce the
" Chernobyl accident in 1986. When tﬁé Cold War endéd, efforts were made to improve
the safety of Eastern Buropean reactors or demand their closure. _

~ Also in Asia, a nuclear genération evolutfon hés followed a different course. J apan has -
- continued to develop its ixnlstalled“nuclear Basé as South Korea did, though Japanese
nuclear industry began to féce great criticiérn at the end of the twentieth century. India
has a local nuclear industry. And in the middle 0f1990s, China started to 'develc.>p what
pfomises to be a strong nuclear base. Thes_e nations, but primarily China, are keeﬁiﬁg

the nuclear construction industry a live (Yiidirim et al., 2005).

4.7 4.1 Global nuclear‘capa¢it'y

By the end of 1990', ac_cording to ﬁgﬁrés compiled by the Wovrld Energy Council, there
wéré aréuﬁd 430 operating nuclear reactors V\;orldwide; .(Theré wefe 437 operating in
1995.). These had a total generating capacity of 349GW. A further %11 units were under
construction; thesé had a total capacity of 33GW.

The global ﬁgqres are broken down in table (4.9) to show a distribﬁﬁon of current
“nuclear generating 'cépacity by region. In Europe, 215 uhité with 171GW, has the

greatest capacfty. North America has 120 operating units with an aggregate geﬁerating
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capacity of 109GW and Asia has 90 units of the continents, only Australia and
Antarctica have none.
Nationally, France produces around 75% of its electricity from nuclear power plants.

Lithuania generates 73% from nuclear sources and Bel gium 58%.

Table (4.9) The global nuclear generating capacity

Number of unit Total capacity (MW)

Africa 2. 1800

North America 120 A 108,919

South America 3 1552

Asia % . 65,884
Europe 215 . 170,854
Middle East 1 - 1000

Total =~ . 431 350,009

Source: World Energy Council

4.7.4.2 Fundamentals of nuclear power

A nuclear power station generates electricity by utilising energy released when the
nuclei of a 'Iarge atom.such‘as uranium, split into smaller components, a process called
' nuclear fission. The amount of energy released by the ﬁésion préée_ss is enormous.. One
kilogram 'of naturélly ‘Qccur'ring uranium could, in vtheory, releasé 140GWh of energy. o '
| (‘14(V)‘GWh br;epresents the output of a 1000MW éoai-ﬁred plant operating a full power for
néarly 6 days.) ' |

There is another method of nuclear ehergy, which is nuclear fusion, this involves'the‘
reverse of the fission reaction. AIn this case, small atoms are encouraged to fuse atl |

astonishingly high temperatures to form large atoms. Like nuclear fission, fusion
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releases huge amounts of energy. However, it will only take place under very extreme
. conditions. Fusion of hydrogen atom is the main source of energy in the Sun.
The reason why both fission and fusion can release energy lies in their relative stability

(Yildirm, et al, 2005) and (Breeze, 2005).

4.7.4.3 The future of nuclear generating technology

For the reasons already given above, the‘nuclear power industry looked declining at the
end of the twentieth ceﬁtury in all but a handful of Asian countries. The twenty-.ﬁrstA
: centﬁry has brought a new wish. Agaiﬁst all expeétations, nuclear power 4p1a‘nts in the
USA. are often fairing well in the deregqlated electricity market and their value is
growing. This may ehcourage a more positive. attitude téwards nuclear plants within the
ﬁnancial sector 'there. | |

The development of new reactors that are cheaper, quicker to build, and safer may help
to impfove perceptions. Meanwhile global warming o.ffers the nuclear industry a good
obportunity-to sell their product as a zero greenhduée emissions technology. This debate
has not won support with environmental gfoups which still pérceives nuclear power as a
pariah. The industry has, hOwéver, been successful in lobbying for support bin the US
governmént v&hich wants to build a new generétion of nuclear power 'plants. The UK
governinent appears to hold the option of nuclear capapity open. |

‘Major _issués still remain if nuclear poWér is to be rehabilitated. The disposal of nuclear
waste is a major problem and on.e'tl.l_at appears no nearer a éatisfactory sdlutionvthan.it ,
did in 1980s or 1990s. Nucleér pfoliferation renders nuclear power susﬁect as it is a
~ source of fissile weapons material.. The dangér of ,tenoﬁsm has seriously raised the

safety stakes as far as the nuclear industry is concerned. If concerns relating to them can
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be overcome, the nuclear industry may. see the renaissance it desperately seeks

(Yildirim et al., 2005).

4.7.4.4 Environméntal considerations of nucleai‘ |

-The use of nuclearvpovs}ef raises important environmental questions. It is the apparent
failure to t’ac‘kle these satisfactorily that has led too mﬁch of the popular disapprobation
that the nuclear industry attractive. There are two adjundts to nuclear generation that
cause great conceiﬁ; nuclear weapons and nuclear‘ waste. |
While the nuclear industry may Qiaim that civilian ﬁSe ’of nuclear power is a separate
issue to atomic ‘weapons, the situation is not that clear. Nuclear reactors. afe the sourbé'
of Plutonium which is tﬁe primary ingredient of modern nuclear weapons. Plutorﬁum

 creation depends on the reactor design; a breeder reactor can produce large quantities

while a PWR produces very small amounts. Nevertheless all reactors producing

Plutonium do contain dangerous fissile material.

The dangér is widély recégﬁised. Part of the role of the intémational Atomic Energy
Agency is to monitor nuclear reaétors and track their inventories of nuclear material to

“ensure that none is being diverted i’ntobnuclear weapons construction. Unfortunately,
this ksystem can never be foolproof. It seems that only if all nations cém be persuaded to -
abancion nuclear weapons can this danger, or ét least the popular fear of it, be removed.

- The contents of a nuclear réactor core include significant quantities of extremely
radioactive nuclei. If these wére' released Vdilring a nuclear accident they would
inevitably find there .way to humans, animalv and plants. |
Large doses of radioéctiirity or exposure to large'q‘uantities of radioactive material kil}s' |
‘relatively rapidily.' Smaller quantities of radioéctive material are lethal too, but over a

longer time scale.
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The industry has gone to extreme lengths to tackle this"worry, by building even more
sophisticated safety features and strong restrictions into their power plants (Breeze,

2005).

4.7.4.5 Radioactive waste
As the uranium fuel in a nuclear reactor under_;gocs fission, it generates a blend of
radioaétive atoms,within the fuel pellets. Eventually fhe fissile uranium beoomes of too
low a c,oncentration’to maintain a nuclear reaction. At.tﬁis point the fuel rod will be
removed from the reactor and must now be disposed in a safe nﬁanner.l However, after
more than 50 years, no safe method‘ of disposal hos been developed.
Radioactive waste disposal has become one of the environmental battlegrounds over
which the future of nuclear power has been fought. Environmentalists dispute that no
system of waste disoosal can be absolutely safe, either now or in the future. And since
somo radio-nucleides will remain a danger for thousands of years, the future is an
important factop to consider. |
Governments and the nuclear industry have tried to find acceptable solutions. Buf in
' countries where popular opinion is taken into consideration, no mutually acoeptoble
solution has been reached. As 5 result, most spent fuel has been stored in the nuolear -
power plants where it was produced. This is now causing its own problems as storage
ponds designed to storo a few years’ waste beoomc filled, or overﬂowing.
One possibility that has been explored, is.the reprooessing of spent fuel to remove the
active ingredients. Some of tho recovered material can be recycled as fuel. The
rem‘ainder must be stored safely until it becomes inactive. But reprocessing has proved
expensive and can worsen the problem of disposal rather than assisting it. As a result it

appears unaccepted publicly.
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The primary alternative is to bury waste aeep underground in a manner that will preverilt‘
it ever being released. This requires both a means to encapsﬁlate the waste ahd a place

to stofe the waste after encapsulatioﬂ. Encai)sulation,techniques includé éealing thé

waste in a glass similar to matﬁx.

Finding a site for such encapsulated waste has proved problematical! An un&erground

site must Be in stablé rock formation and in a région not su‘bjected to seismic

disturbance. Sites in the USA and Burope have been studied but none have been
acceptable

Other solutions have been proposed for nuclear waste disposal. One involvés loading

the fuel into a rocket and shooting it into the sun. Another utilises pérticle accelerators

to destroy the radioactive material generated during ﬁésion.

EnvironmentaliSts. maintaih that the problem of nucleaf waste is insoluble and

'rep'resents an. ever-growing problem fbr future generations. The industry disputes this |
but in the absence of a persuasive solutioh its arguments lack weight. Unless a solution

is found, the industry will continue to s‘uffer and seem ‘unsafe XY ildiriﬁl, 2005) and-

(Breeze, 2005). |

4.7.4.6 The cost of nuclear powei' .

Nuclear power is capital exhausti{/é and costs héve escalated since thé early days of its
develépment. This is parﬂy as a result of higher material costs and high interest rates;
but is also a result .of the need to utilise specialised construction .méter'ials and
'techniques to ensure plant safely. In the USA, in the early 19705, nuclear plants wkere
1 being built for units costs of $15(')-' -300/KW. By the late 1980s, the figures rose to

$1000--3000/KW.
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.The Taiwan Power Company carried out a study, published in 1991, whi<':h examined
the cost of »building a fou_rth nuclear plant in~Taiwan. The study found that tﬁe cost of
the twé unit plant Wouid bg US$ 3.6 billion,‘ a unit éost of around $3150/KW. -Thé
estimate was baéed on end dates of 2001 and 2002 fof the two units. Orders were
: ﬁctually placed in 1996,.with construction scheduled for corhpletic%n in 2004 .to 2005.
Nuclear conétfuction costs do not take into accpunt deéommissioning. This can cost 9%
to 15% of the primary capital cost of ithe‘ plant. However, nucleér proponénts_ argue that
‘when this is discounted it adds only a small percent to the investment cosf.

Ther fuel costs fér nuclear power are much lower than that for fossil fuel-fired pldnts;
even t_h‘é’ Acost of reprocessing or disposal of the spent fuel is takén into account. Thus,
léveliSéd costs of electricity provide a more meaningful picture‘c.>f economics of nuclear
power .gerieratioh;

Taiwan has to import all its fuel, éo costs of fossil-fuei—ﬁred generati‘on are clearly
higher. Where cheap sourées of féssil fﬁe_l are évailable locally, the situétion will be
dissimilar. Austfalia, for example, estimates that coal ‘ﬁred power generated pithead
plants is cheaper than nuclear powér. | | |
- A 1997 European sfudy ‘comypared the cost of nuclear, coa} and gas based power plants
for base load generation. For a plant to bcb commissioned in 2005, nuclear power Waé
cheaper than ball but the lowest priced gasy-ﬁred' sceﬁario based on a dis;;oﬁnt rate of 5%.
When the discount rate 'ir.lcrease'd to 10%,V nﬁqlear pbwer wés virtlially the most
eXpensive option. Other studies have confirmed this assessment. |

Coal is generally the éource of new generating capacit}'l with which nuclgar investment
- is compared. But the cost of coai—ﬁréd elAe(‘:tricity depends heavily on transportation
~ costs. These can be considered as much as 5‘0% of the fuel cost. Given this sensitivity,

the local availability of coal will have a strong determinant of the economic viability of
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nuélear power. Gas-fired base-load generation in combined cycle power plants is »alsoﬁ » -
cheap but sirﬁilarly sensitive to fuel prices.

While the cost of new nuclear generating capacity might be prohibitive for soine parts
of the world, but may be acceptvabvlé in others, the cost of power from existing nuclear ,'
'power_ plants is extremely c_ompetitivé. This is true even where coal and gas. are
available. .Thus the Nuclear Energy Institute claims that 2002 was the fourth year for
: which nqclear—generated electricity was the cheapest in Arﬁerica, undergutting power
ﬁom coal, oil and'gas-ﬁred power plants. (Hydropower ﬁom old plants may well be -
cheaper still.) In support of this, a number of companies are novs) méking a succéssful
business of mhning US nuclear power stations sold by utilities wheri the US industry
was defegulated. In France, nuclear power is on average the cheapest source of

electricity (Breeze, 2005).

4.7.5 Solaf power

Solar energy is the most significant source of energy available to the earth and its
inhabitants. Wiihout it there onld be no life at all. It is the eﬁergy source that drivés
the photosynthesis reaction; As  such, it is responsiBle for all the biomass on the surface
of the earth and is also the origin of fossil fuels; the préducts of phOtosyntheéis millions
~of years ago: and now hidden beneafh the earth’s surface. Solar eﬂergy creates ‘the
World’s winds; it evaporateé the water which is respons‘ible' for rain; waves and marine
thermal powers are both a'cohsequence of insulation. In fact, apart from nuclear energy,
rge‘otherma'lv eﬁergy and tidél power, the sun is responsible for all the formé of e;nergy
which are exploited‘ by man.

All these differént sources of energy, each. derived from the sun, can be used to generate

electrical power. However solar energy can also be used directly to produce electricity. .
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This can be achieved most simply by exploiting the heat contained in the radiation of /
the sun, but electricity can also be generafed directly from light using an electronic
device called a solar cell. Both Ihethods are valuable renewable.sources of ell‘ectricity

Ageneration'(Breeze, 2005) and (Neij‘, 2008).

4.7.5.1 Sites for solar power generation

In pfinciple solar power can be generatéd anywhere on earth but some regions are better
than others. Places where the sun shine’s frequently and regularly are pfeferable té
regions wher¢ clo‘ud cover is comindn. The brighter the sunlight, the greater the output
and the more advantageous the economics of generating plant. Maﬁy of the world’s
developing countries?rwhére demand for electricity is grqwing fapidly, 6ffer good
conditions for solar electricity generation.~

Solar generating statioﬁs do not take massive amounts of land but they do requfre, many
times the space of a sirﬁilarly sized fossil fuel power plant. But soiar pdwer does ot
necessarily réquire large nearby areas of land iﬁ order to gén_e;ate 'electricity. Solar
panels can be madc: in smali modular units which can be incorporated into buildings so
that power generation can share space uséd for other purpOSES.

Distributed generation of this type has many advantages. In California, and elsewhere,
thére is a major daytime gn'dﬁdemand peak kresulting from the use of air condi_tibning
systems. As the air conditioning systems are used to combat heat generated by the sun,
distributed solar electricity. ‘ generation matches this demand perfectly. Recent
experience has- shown that domestic solar panels virtually reméve this additiopal

démand from the houses to which they are fitted.

92



4.7.5.2 Solar technology

There are two ways of changing the energy coptained in sunlight into electricity. The
first called solar thermal genérat_ion,' involves using the sun simply as a source of heat. -
This héat is caught, concenfrated and used-to drive a heat engine. The heat engine may
bea coﬁventional steam turbine, in which case the heat will be used to generate 'sfeam in

a boilér, but it could be a gas turbine or a éterling engine.

The second Way of c.a‘pturing‘ solar and converting it‘ into electricity involves us.e of
photovolfaic or solar cell. The solar cell is a solid—staté device similar to a trénsistor ora
1nicrochip. It uses the i)hysical characteristics of a semicondﬁptor such as silicon to turn
the sunlight directly into electricity.

The ease of the solar.cell makes it an extremely attractive method of generating
electricity. However the manufacture of the silicon required for sblar cell is energy
intensive. The solar thermal plant, although mdré complex, is curfently cheai)er and
uses more conventional power station technofogy;

- Whatever its type, '}a solar pbWer plant has a major_weakness‘. It can only generate.
electricity When the sun is shining. During the night there is no lighf and so no
electricity. In order to avoid this problem, a solar power station must either have some
form of conventional fuel back-up, or it muét incorporate enefgy storage. Solar cells are
frequently joined With_ rechargeableAbatteries in order to provide non stop power in
remote locations. Soiar thermal péwer plahts can also be designed with heat storage
systems which permit them to supply power in the absence of tﬁe sun (Hall and Bain,

2008) and (Carrasco et al., 20006).
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4.7.5.3 Environmental considerations of solar power
Solar power is considered to be one of tﬁe most environmentally benign'methods of -
: electricity generétion. Néither solar therrﬂ_al nor solar photovoltaic power plants produce
any atmospheric einissio'ns during operation. A photovoltaic installation makes no noise
either, and a solar thermal plant very little. Nevertheless both types of plant do have an
environmental.i'mpact. -

On a Beneﬁt scale, both types of solar power plant reqliire a significant amount of space,
more tlhanv that requifed by a fossil fuel power plant. However the best sites for such
plants ére Iikely to be arid areas where this shduld not posé a problem. Construction of a
huge plant is likely to involve some local environmental _disruptioﬁ. Once- in operation
there maybe some Beneﬁts locally from | the shade created by the array of solar
~ collectors. |

When sblar paneis are installed on rooftops or incorpqrated into new buildings they
share space used fof other purposes. Retrofit of solar panels can _be unsightiy, but where
‘a building has been planned- to iricorporate‘ solar panels, ‘there is no excué,e for any
negative visual impact. |
' This type of development has environmental benefits b’éca‘u‘sev it decreases the need for
cenfral powerr station capacity, it reduces the need to reinforce transmission and
distribution systems, and it provides electricify at the ‘pioi'ntb of use, so energy losses
should beb much less than powér transmitted many kilometres.

Solar thermal power  plants depe.ndv on conVentionai mechanical and electrical
- components. There may bé spillages of heat transfer fluid but these should be easy to
manage. Otheywise their c‘o‘nstruction, operation and decommissiorﬁng should be easily

managed without affects on the local environment.
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- Solar jpﬁotovoltaic deViées use iess commoﬁ‘ﬁlace 1;naterialsr. The predorﬁinant material
_for solar cells .today is silicon. This-is energy intensive to prvoduce‘ in its pure form.
Lifetime ‘avnaly./sis of photovoltaic systems ilhistrate a relatively high level of emissions
of carbon dioxide and otﬁer atrhospheric ernissions as a result of the emissions from the
. predoniinantly fossil-fuél-ﬁred power plants generating the electricity used in the
production of the silicon.

Lifetime analysis of photovoltaic generation suggests that such a plant will release
_ between 100 and 170g of carbon dioxide for every kilowatt ﬁour of ‘electric-ity
gener'atéd. This Is much higﬁer than from a solar' thermal power plant for which the
equivalent facté are 30 to 40 g/KWh. It is nevertheless much loWer than the gas-fired
power station (43‘0 g/kWh) or a coal-fired power ‘s.tation (960 g./‘kWh).'Iﬁ future this
impacf Vshould be decreased as global renewable capacity grows and With.ivt a wider

évailability of cleaner electricity (Breeze, 2005).

4.7.5.4 The cost bf solar power
| Solar thermal and solar ph_btovoltaic power plants have common features such as short
| cieploymént times and additional beneﬁt‘s from dispersed use that affects the cost and -
| _ va‘lu'e of the two teChnologieé. |
‘However the technologies thc’mselveé have different essential robts 'an'd. the 'costs

associated with them have to be conéidéred.

| 4.7.5.5 Solar ‘thermal‘costs

The fqllowing table (4.10) lists the costs for solar thermal power plants estimated by the |
Sandia National Laboratory and the National Renewable Energy Laboratory, both run

under the sponsorship of the US Department of Energy.
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Table (4.10) The solar thermal costs

Capital cost (J/KW)  O&M costs

Levelised energy

($/KW) costs ($/KW)
2000 2010
Solar trough - 2900 A 1 011 - 0.09
Solar tower 2400--2900 0.7 0.09 0.05
0.13 0.06

- Solardish 2900 | ' 2.0

Note: The levelised energy cost is for private financing.

Source: US Department of Energy

4.7.6 Solar photovoltaic costs

The most important market ‘for. solar photovoltaic techilology in 2003 was grid-

connected residual and home installations. These accounted for 365 MW of total annual

production of 744MW and roughly 50%.

The cost of a grid 'cqnnécted solar photovoltaic system based on silicon can be separated. |

roughly into tﬁirds. One-third is for the actual silicon to make the cell (the module), a

further one-third for the construct of the solar cell and panel of module, and one third

for installation and ancillary tools.

In the USA in 2003, the cost of an installed rooftop system of this kind was $6500 to

$8000 /KW as shown by table (4.11). This compares with $7000 to $9000 /KW in 2001

and $12000 /KW in 1993. Even so, this makes solar phofovoltaic technology one of the

most costly available today for generating electricity.
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Table (4.1 1) ‘The: solar photovoltaic costs

Photovoltaic module Installed AC system

($/KW) - | (3/KW)
1993 4250 v 12,000
1995 3750 11,000--12,000
1997 4150 10,000--12,000
1999 3500 9,000--11,000
2001 3500 7000--9000

2003 3000 , - 6000--8000

Source: Renewable energy world

. The price of the v‘solar celll accounts for a majof part of the overall cost. In the above
table (4.11) this ié between one-third and one-half of ;che total cost. New technologiles
may offer ways of reducing costs. Amorphous silicon and c’admium telluride modules
were seiling fpr $2000/KW to $3000/KW in 2003. The man’ufacturevof silicon designedn
specially for solar cell applications fnay also decrease costs of silicon further.

The cost of electricity from solar photovoltaic power planté remains high. At an
installed cost of $SOOO/KW, eléétricif_;y most likely costs around $0.025/KWh. This can
be comﬁetitiye with the peak power costs in somewhere like California where thé cost
of base-load power, $0.025 to $0.050/1<Wh? in market with well developed
infrastructures. Nevertheless the pﬁce Has reduced to a point where widespread

installation is feasible (Breeze, 2005) and (Carrasco, at el., 2006). -

~ 4.7.7 Wind power technology

Wind is the motion of air in response to pressure difference within the atmosphere.
Pressure difference exerts a force which makes air masses to move from a region of

high pressure to one of a lower pressufe zone. That movement is called wind. Such
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pressure differences are caused primarily by differential heating of the sun on the face
of the earth. Thus' Wind energy may be considered.to be a form of solar energy. »
An.nually,iovver the earth land méss, around 1.7 million TWh of energy is generated by -
wind‘» power. Over the globe as a thole,‘the figure is higher. Even so, only a small
portion of wind energy can b¢ harﬁessed to gen‘erateF positive energy. |

One of the linﬁiting factors in the exploitation of wind power onsﬁore is competing land
use. Taking this into account, a 1991 estimate pﬁt the realisable comprehensive wind
power potential ét 53,000 TWh/year. This figure is broken down by regions in the table
(4.12). As the table shows, wind resources are wide spread and availab_le. in most parts
of the world.

fThe figures in the table are probably conservative because modem wind turbines are
more efficient than those available when the survéy was conducted. Even in this
conservativé estimate the resource is much larger than world demand for electricity.

_ This is expected to reach 26,000TWh.

Table (4.12) The regional wind resources

Available resource (TWh/year)

Western Europe 4800
North America - 14,000
Australia 3000
Affica v 10,600
Latin America _ 5400
Eastern Europe and

former Soviet Union - 10,600
Asia ‘ 4600
Total 53,000

 And,
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Table (4.13) The Eurbpean wind energy resources '

Annual resources Potential capacity
(TWh) MW)
Austria 3 . 1500
Belgium . 5 - 2500
Denmark = 10 4500
Finland 7 <. 3500
France o 85 , ’ 42,500
Germany 24 12,000
Great Britain 114 o 57,000
- Greece 44 22,000
. Ireland 44 22,000
Italy - ‘ 69 . : 34,500
Luxembourg - --
Holland 7 , ' -
Norway. 76 . 38,000
Portugal 15 : : 7500
Spain ’ 86 43,000
Sweden 4] _ ‘ . 20,500

Source: The 'ﬁgures in this table are taken from Wind‘force.

4.7.7.1 Wind sites

The ecdnd_fnics of wind powér depend largely on wind speed. The actuat energy
contained in the wind varies with the third power of the wind speed. Double the wind
speed, and the energy it cetrri.es increasés éightfold.

A 1.5 MW wind turbine at a site with a wind speect of 5.5 m/s will generate around '
1000 MWh/year. At a wind speed of 8.5 m/s the production rises to 4500 MWh anti at
10.5 I:l’l/S,v the yearly output will ‘be 8000 MWh. This is close to the theoretical unit.
Other factors will come into participation at very high speed, limiting turbine output.b
However tltese figures indicate quite cléarly that the selection of a good wind farm lsite
is vitally important for the economics of a project. |

The starting point for any wind development must be a Windy site. But other factors

come into play too. Wind speed varies with height; the higher the turbine is raised
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- above the ground the better the wind regime it will produce. This will bene.ﬁt larger
~wind turbines which are pléced on upper to;)vefs,‘ but larger turbines.tend'to be mbre
efficient mWéy, o) fuﬁher advantages accrue. |
Depending on the efficiency of a Wind turbin_e, there is a decrease wind speed below
.w‘hich a wind power géneration is not conside;cd economical. This number depends dn
the efficiency of wind turbihe' considered, as well as on the turbine cost. With thé
turbines existi‘ng at the beginning of twénty first cehtury,‘ a wind speed as low as 5 t0 5.5
m/s is considered econo'mically exploitable at an onshore site. Since offshore costs are
| hiéher, an offshore wind speed of 6.5 m/s is needed to 'make:a. sbite economically

attractive (Breeze, 2005) (Hall and Bain, 2008).

» 4.7.7.2 Environmental considerations

Thé ‘principle environmental advantage of wind poWer is that it is a renewable fesource.
This means fhat its exploitation does not lead to adepletion of a global natural resource
in the way thét thé burning of co‘al ér gas grades in redqced reserves. As é consequence,
wind power can contribute to a sustainable global energy ﬁltu;e. |
Wind power is also conéidered a clean source‘ of energy. Its use doés not lead‘ to
important environmental or atmospheric émissions. B |
Table (4.14)‘ presents estimation§ for the lifetime of carbon dioxide emissions from é
| wind plant and from coal and gas-ﬁrled‘poWer stations. The life-timé assessment lldoks
at emissions that take place during the manufacture of the components of a powér plant,
"as well as the emiss;ions that take.plaCe during the whole of its operational service. As a
result of the former, a wind plént releases 7 tonnes of carbon dioxide for each GWh of

power it generates.
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Table (4.14) The lifetime missions of carbon dioxide for various power generation

technologies
Carbon dioxide emissions (tonnes/GWh)
Coal 964
Gas A 484 -
- Wind 7

Source: Concerted action for offshore wind energy in Europe, Delft University, 2001.

The table (4.14)kshows, a coal planf releases well over 100 timve‘s more and a gas plant
close to 70 times the amount than from the wind plant.
A side from carbon dioxide? Wind power produces fewer sulphur dioxides, less nitrogen
oxides and léss .of the other atmospheric pollutants that are emitted by céal fired powér
plants and to a lesse'; extent by gas ﬁred‘pla'nts. However, wind power plants. are not
cbmpletely benigny. The uée of wind power does have harmful consequences for the
~environment. Key among these is visual impact and noise.
| Visual impéct generally attracts the most serious criticism. Wind farms cover a large
area and they afe impossibl¢ to hide. While actual land utilisaﬁqn is low and the area
occupied by‘a wind . farm can Be used for other purposés too, the vision of an array of
wind turbines,,o»ften in otherwise ﬁndevelqpedt mral areas, is considered by many té Be
visual offensive.
Thé other key effect.of a wind turbine is to generate noise. The noise, a low-frequency
whirring, has been compared to the sound of wind in the branches of a tree b-ut the
constant is"likely to make it mofe intrusive than the sound of the wind. To this rotor -
noise must be added the mechanical ﬁoise emanating from the gearbox and geﬁerator

and occasionally some electrical noise.
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The blade noise is the moét serious of these. Turbine ﬁoise is generally more intrusive
when wind spéeds are low, but it will be masked by backéround npise.prc;vided the
macbhine'is far enoﬁgh away from human habitatiéri.. This again will .limit the feasible
sites for'wind def?elopment. |

Under certain circumstances wind turbiné can also cause ‘electromagnetic interference,
affecting television reception or microwave transmission. This can normally be

mitiga{ed by simple remedial measures and by careful site selection (Beer, 2007).

.4.7.7.3 The cost of wind power

Evér since the fecpﬁnt wind power industry began to develop, the main question always |
to be answered is thé questiobn of cost. Can wind Iﬁower battle With chventionai forms
of power generation?

Early developrheﬁt in California during the 1980s was stimulated by govémment
ﬁnar‘lcial. incentives; when these were dropped, 'the‘de‘velopment of the task declined
too. The California wind development program was also affected bybthe fall in the cost
of oil .tlllat started in the late 1980s. Real oil prices fell by 75% between 1980 and 1992,
according to the World Bank statisfics. | | |

Continuous development‘ since the-early 1980s has led to the cost of wind furbilie
installatiéns félling rapidly during the 1980s and early 1990s. World Bank estimated
.th'at wind technology costs went down by between 60% and 70% between ‘1985 and
- 1994. While prices are still falling, the rates are not as dramatic as fhey wvere. Current .
installation éosts for an onshore Windk farm are bgtween €700/KW and €1000/KW.
Offshore Wind faﬁns still cost around €.1’500/KW but this‘could drop to €1000/KW by

2010.
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The installation cost is the main up-front cest of a Wind farm. Howevef energy costs
“also depend on the quantity of wind available at a particular site. To this must be added
the cost of ﬁiiancing the project. Operating costs must also be included befere a ﬁnetl
form for the ﬁhal cost of each KWh ot' electricity can be established.

When these factors are taken‘ into account, bfavourable. estimates suggest that att ‘the
begixining of the twenty first century inodern onshore Wind fenns could generate
electricity for €0.03/KWh, at a wind speed of ,1‘0 m/s and €0.08/KWh at a izvind speed of N
5 m/s Early commercial offshore wind farms can generate power for between .

€0.05/KWh anci €0.08/KWh. Generating coste have been predicted to drop by 36%
between 2002 and 2010 and a further 24% between 2010 and 2020, predictions which if
bome out will make wind power still more cempetitive.

These figures imply that onshore wind is current.ly broadly 'competitive with coal fired
power generation but not with gas-fired generation. Less favourable ieiriews of wind
powet state that it generattes power for two ‘tov three times the cost of coal plants.

- While arguments about its cost effectiifeness continue,‘ in practice the futtlre of wind
power is likely fo be determined by political decisions. Environmental concerns are
increasingly leading to legislation which demands the introducti‘on of rene\ivable
electricity generation. Aside from hydropower', wind power is the best placed renewable
source to meet that need. If renewable energy is required, in many s1tuat10ns that

renewable energy will be wmd energy (Shata et al 2006) and (Breeze, 2005)

4.7.8 Geothermal power technology

Geothermal energy is the heat contained within the body of the earth. The origins of this

heat are originated in the formation of the earth from the consolidation of stellar gas and
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duét. some billion years ago. Radioactivé decay within the earth covntil.lAually generates
- supplementary heat. which augments that already p?esent.

The distance between the éarth surfaces to its.core is 6500 km. Here the temperature
may be as high as 7000°C. As a result of temperature differénc¢ between the centre and
the much cooler outér regions, heat flows contiﬁuouély towards the Quter surface. As
estimated 100X10’<15'W of energy reaches the outer surface each year. Most df this heat
canhot be exploited, but in some plac"es a geotherrhal anomaly creates a region far above
the ground_temperature close to the. surface. In such cases it may be possible to'u‘tilise
the energy, éithér for heating 'of in some cases td generate electricity.

The region of the earth :at the earth's surface is known as the érust. The earth's crust is
generaliy 5 to 55 km thick. The temperature within the crust incfeaseé on average by 17 |
. to 30°C for'each kilometm below the surface. Below the crust‘ is the. manﬂe, a viscous
' serﬁi-molten rock which has a temperature of 650°C to -1250°C. Inside the mantle is the
core. The earth's core consists 6f a liquid external core énd a solid inner core where the |
highest temberatures exist.

Geothermal temperature anomalies take place where the rﬁoltén magma’ in the mantle
comes cioser than us‘uallto‘ the sp;rface. In such régions, tﬁe temperature gradient within
the rock inaybe 100°C per m, or more. Sometimes water ﬁan trave_l down through
| fractured rock and carry heat back to ‘thc surface. Pluméé of magma l'nay‘rise to within 1
to Skm of »the'surface and at the‘sites éf volcanoes; it actually reaches the surface from
sometimes. The magma also intrudes into the crust at the boundaries between tectonic
- plates which make up the surface of the earth. Theses boundaries can b'e recognised by
.earthquake regions éuch as the Pacific basin 'ring of fire'. |

Thé rhost apparent signs of exploitable geothermal resources are hot springs and

geysers. These have been used by man for 10,000 years. Both th¢ Romans and ahcient
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, Chinese used hot springs for bathing and therapeﬁtié medical treatments. Such use
happens in several parts of théworld, mainly in Iceland and Japan. A district heating =
system based on geothermal heat was inaugurated in Chaude-Aigues, France, in the

fourteenth century; this syétem may still be in existence.

Table (4.15) The main geothermal users, worldwide

Capacity (MW)
USA | 2850
Philippines 1850
Italy . . 770
Mexico _ 740
Indonesia - 590
New Zealand © 345

Jceland R 140

Source: US Geothermal education office.

Industrialvexploitaﬁon of hot s.pringsl dates from the discovery of boric acid in spring
waters at Larderello in Italy in 770. This allowed the development o‘f a chemical
industfy based on the springs. It was here that the ﬁrst- experiment to _geﬁerate electricity
based on geothennalthbeiat took p‘laceiin 1904. This led, in 1915, .to a 250 KW power
plant which 'expoﬁed power t§ the neighbouring region. Exploitatioh elseWhere had to
wait ‘uh';il 19:?8 when a plant at Wairkei in New Zealand and the Geysers development
in tﬁe USA bcgan in 1960. |

Geothermal geﬁerating capacity has grown gradually since then. By the be ginning of the
tWenty first century there was roughly 8000, MW of the installed geothermal capaci.ty
-internationally. The largeSt user is the USA with around 2850MW of installed capacity.
The Philippines has 1850MW, while Italy has 770MW, Mexico has 740MW and

Indonesia has 590MW as shown in table (4.15). In total 23 countries have exploited |
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geothermal power but iwo of them, Greecé and Argent’ina,‘ no longer have operating-
capacity. |

" Geothermal energy is attractive for pbwef generation.b.ecause it is Simple and relatively.
chéap to exploit. Inithé simplest case vapour can be extracted from a borehole and used -
- directly to steer a steam turbine. Such easy geotherrrial resources are rare but others can
be used with little more ciifﬁculty. The. virtual absence of atniospheric emissions means
that geothermal energy is clean cOmpared to fossil fuel ﬁfeci power. The US Department

of Energy identified geothermal energy as a renewable one (Breeze, 20_05). L

4.7.8.1 Geotherrmal fields.

»

" Geothermal fields are formed when water from rain or SHOW is able to seep thiough
faults or cracks within rock, sometimes for several kilometres, Ato'. reach beneath the
surface; As the water heatsk ilp it rises naturaliy back towards the suiface by a process of |
exchange and may appear ‘thAere in the form nf hot springs, geysers, fumaroles oi hot
sludge holes. |

Sometimes thé way of the ascending water is blocked by an impermeable layer of rock.
Under these conditions, the hot water collects underground in the cracks and pores of
the rock beneath 'the‘imperrneabie barrier. This water may be capable of reaching a‘
‘ muCli higher temperature than the water which eniérges at the . surface naturally.
Témperatnres as high as v350‘°C haVevbeen found. Such geothermal reservoirs can be
accésseci by drilling through the imperineable rock. Stéam and hot water will then flow
‘ npwards under pressure and can i)e used at the surface. |
Most of the geothermal fields known today have been identified by the presence of hot
Springs. In California, Italy, New Zealand and some other countries, the presence of

these springs led to prospecting usage of drilled holes-deep into the earth to locate
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underground reservoirs of hot. tvater aﬁd steztm. More_reeently geothermal exploration
techniques have been used to try and lecate un.d‘erground geothermal fields where no hot
springs exist. Sites in Imperial Valley in southern California use thie ‘method.

Some geothermal fields produce only stearri, but these are rare.. More often the field will
produce either a mixture of stearh end hot water or hot water alone, regularly _under high
pressure."A_ll' three may be used to generate electricity.

Deep geothermal reservoirs may be 2 km or deeper below the surface. These can
~produce Water with a temperature of 120 to 350°C. High temperature reservoirs are best
for eiectricity generation. Shallow reservoirs may be as little as 100m‘ below the surface
and are cheaper and easier to access, put the water they produce is cooler, efteri less
‘than 150°C. This can still be used to generate electricity but more likely used for
heeting. |
.Geothermal‘ reservoirs are not limitless. Tﬁey contain a ﬁnite amount of water and
energy. As a consequence Both can become depleted if over exploited. If this happens,
either the pressure or the temperature, or both, of the fluid from the.reservoir ‘declines.

In theory the heat within the deep reservoir willkbe continuously replenished by the heat -
flow from below. This rate ef replenishment may be as high as 1000 MW,but is usually
srrieller. In practice geothermal plarrts have normally extracted the heat faster tharl itis
replenished; Under these circumstances, the temperature of 'the geotherrnal fluid falls
and the practicalAli‘fe of the reservoir are limited.

Est'imatesk for the practical life of a geothermal of a reservoir vary. This is partly because
it is extremely difﬁcu_lt to gauge the size 'ef the reservoir. While some may beeome
virtuelly exhausted over the lifetime of a power plant, around 30 years, others appear

able to continue to-supply energy for 100 years or more. Better understanding of the

107



nature of the reservoirs and iniproved management will help maintain them for longer

(Kitz et al., 2005).

4.7.8.2 Geothermal energy conversion technology

Tﬁere are three ways of converting gebthermal energy into electricity. Each is designed
‘to exploit a specific kind of geothermal reéource. The simplest situation occurs where a
geothermal reservoir produces high temperature dry steam -alone. Under these
circumstaﬁces, it is possible to employ a direct-steam power plant which aﬁalogoﬁs ‘to
‘the powér train of a steam turbine power statioﬁ but with ihe céntainer replaced with the
- geothermal steam source. |

Most high-temperature geothermal fields produce not dry steam; but a steam and a hot
water mixture. This is most effectively éxploited using a flash steam geothefmal plant.
‘The ﬂash process converts part of the hot, high-pressure water to steam and this steahl,
§vith aﬁy extractcd fluid directly from the borehole, is used to rotate fhe steam turBine.
Where the geo‘th‘ermal resource is of a relatively small temperature a third system called
a binary plant may be more appropriate. 'T.his uses the iowef-temperatu_re geothermal
fluid to vaporise a second ldw boiling point fluid contained in a separate, closed»system; :
The vapour expands and then drives a .turbine which turns a generator to produce

electricity.

4.7.8.3 Enviroﬁmentai clonsideratio.ns

Geothermal power generation is commonly ciassed among the.renewable energies
technologies. Stﬁctly this is incom_act,‘ geothermal heat. is mined frém the earth and the
- heat removed to generate eléctricity is not replaced. HoWever, the amount of heat

contained within the earth is virtually limitless in human terms. As already noted above,

108



- this is the place of the US Department of Enefgy which elassiﬁes geothermal energy as
renewable. |

The coﬁstructioﬁ of a geethermal' power plant involves the same nature of disfuptidn
- that many civil engineering project encounter. However, this adds to the disruption
associated with the drilling of Wellé to remove geothermai fluid from an undergrouna
reservoir and the re-injection wells to organfse fhe fluid once it is exhausted of heat.
Drilling needs signiﬁcanf quantities of water and thisA must Be taken from local water
courses. To decrease environmental effects, this should be taken from high flow streams
and ﬁvers, preferable during the.rainy season.

Geothermal resources ere often linked with naturai features such as fumaroles, geysers,
hot springs and mud holes. These featufes will nbrmally be protected by environmental
legislation, so drilling directly into a re.servoir, that feeds such features will often not be
‘possible. These_ featureé may have social and‘ feligious significance which must be
respected.

Management of underground geothermal reservoir fonhs a vifal part of any geothermal
project both on environmental and economic grounds. Continuous depletion of
reservoirs will lead to a lowering of the local water table and may l_ead to subsidence as
well as.v to a decrease in the quality of fluid from the boreholes. The quélity of the fluid
‘ should be maintained by re-injection as much as possible of the" extfacted fluid.
Howevef, b‘re-injection‘can lead te a cooling of reservoir. This can be avoided by
carefully mapping the locel flows and re-injection some’distarllce ﬁem the extraction
location. Induced seismic movement has also been. iiked with re-injection, but a casual
link is difficult t‘o‘ prove since most geothermal projects are in regiens of high or regular

‘seismic motion.
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~The emissions-fromba well-managed geothermal plant should be very small when
compared with a conventional steam plant. Any carbon dioxide contéined iﬁ the fluid
- from the sﬁbterranean 1_reservoir Wﬂi be released ;md there maybe traces of hydrogen
sulphide. However, the lattef can be treated chemically to prevent release. The saline
brine caﬁ cause severe groundwater pollution, as experienced in New Zealand whg:re. the
* Wairakei power plant reieaseci 3500 tonnes/h of brine into the Waikato River. To avoid
such pollution, modern geothermal plants re-inject all the extracted bﬁne oﬁce used

(Breeze, 2005) and (Neij, 2008).

4.7.8.4 The cost of geothermal pov?er -

In ‘commonv §vith maﬁy renewable vrésources; geothermal power generation includes a
high initial outlay but éxtremely low cost fuel. In the case of geothérma1 plant there are
three primary areas of outlay','prospec‘ting' and exploratioﬁ Qbf fﬁe geotﬁermal ’resourcé,
development of the steam field and the cost of the power plant itself. -

Prospecting aﬁd exploration may cost as much as $1 million. This will weight more
.heavily on little geothermal prc;jects _thén (;n larger schemes. Steam field development'v '
will depends on ﬁlant size, as will the cst _Qf the power plant itself, even if small piants :
tend to be more expensive than larger plants. |

Tabl'eb(4.16) shows facts from the World.Bank for the-costs to d_e%zélop a good resource
has a temperature above 250°C, and good perrﬁeability in condition that good ﬂﬁid
flow. If will provide either dry steam or a4 mixture of steam and briné with low gas
. contént and thé brine will be.felatively non corrosive; a poor resource may have a
te'mpkerature of below 150°C, but it could provide fluid at higher temperatureé With

some other defect such as a corrosive brine or poor fluid flow.
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Table (4.16) Direct capital costs ($/kW) for geothermal power plants.

 Plant size MW) ' ' Resource
- Good Medium ~ Poor
Lessthan5 1600—2300 1800—3000  2000—3700
From 5to 30 . 1300—2100 ©  1600—2500 --

Bigger than 30 1150—1750  1350—2200 --

A Source: World Bank.

As the ﬁgures in the fable (4.16) show, costs for a good resource vary ’between‘ $1150

and $2306ﬂ<w depending on plant size. Where the resource is poor, large plants are not'
noﬁnally economically viable. Costs for tiny power plaﬁts under these circumsténces

| vary between'$2000 and § 3700/kw. | |

' Further indirect costs will be incurred, dep'eﬁding_ on the location and ease of access to

the site. These will vary from '5% for an easily accessible site and a local ékilled

workfbrce,'to 60% of the direct cost inrrembote regions where skilled labour is .iimited. |
~ An alternative cost estimate from the US Energy Iﬁfonnation Administfation put the

cost of 250 MW geothérmal power plant entering service in the USA in 2006 at $17OO

to $1800/kw. | |

These costs will all be accolinted for in the initial investment required to construct a

plant. Electricity generation. costs Will depend paﬁly oﬁ this, »partlyi on financial

arrangements such as ioan repayments and partly’ continual 6perati0n and mainténance

costs. World Bank estimates suggest pdwer cankvbe produced from a large geothermal
power plant (bigger thaﬁ >3OMW) exploiting a good quality resource of between $0.025

and $0.05 kWh. A plant of less than SMW could generate powéf from a similar source

© for $0.05-$0.07/kWh. With a pbor quality resdurce, a small geothermal plant can

generate for $0.06 to $0.15/kWh.
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Based on these estimations, a large geothermal pdwer plant can hope to compete with
gé.s-ﬁred power plants. Small plants are less econoﬁical but they ‘can still offer
exceptionally competitive power in remote rural areas where the altervnativeris a diesel-
fired power plant. Power from the lat;cer will cost at least $0.10kWh or much higher

(Breeze, 2005).

4.7.9 Hydropower ‘technology
Hydropower is the oldest and most likelyl under-rated renewable energy résource in the
world. The original known réferenée is found vin a Greek poem of 85 BC. At the end of
'1999;Vhydropower provided 2650 TWh of electﬁCity, 19% of fotal global output. Yet
when renewable energy is Adiscusse‘d, hydropowef ié normally menﬁoned. |
Part of the reason for this is the disapprobation that huge hydropower has attrééted over
the past 10 to 15 years. Concerns for the eﬁ{zironmental effects of large projects which
wipe out wildlife habitant, displa'c‘e indigenous peoples and upset sensitive vdovx./ﬁstreamv
ecologies, coupled with often heavy handed and insensitive scheduling and approval
* procedures, have resulted in the image of hydropower becoming extremely tarnished.
~ Some of thié condemnation is déserved. Large hydropower projects have bveen' built
‘around the woﬂd Without taking their effeots into account. Schemes are often completed
-late and ovef budget. And when they are completed tﬁey sometimes do not function as
proppsed.
There are many hydropower projects that perform well. With proper planning,
environmental effeéts ca;m be decréased. When accounted for properly,.hydropower is
one of the 'che.apest sources of electricity generatioh. And while the countries in Western
. Europe and North America have developed most of their hydropower sites in a manner

that attracts relatively little criticism, today the developing world has massive
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hjdropo@er potential Which' remains untapped and if developed sensitively,' could.
| provide a major imprdvement in the life quality. ’

The World Commissidn on Dams has addressed these problems in ‘Dams and
Development, a new framework for decision making’. This report proposes a complete
reassessment of th¢ criteria and methods used to detenﬁine whether a large hydropower
project should be constructed. It lays out an approach to deciéion-making which takes.
a'ccount’ bf all fhé environfnental and human rights issues that crit.ics have raiséd, an
approach which should filter out bad projects but allow successful proj ecfsl to proceed:

- Large aams, however, form ohly a fraéti_on of hydropower. Small hydrppower,
generally defined as projects With generating capacities' under lOMW; can prévide a
valuable source of el¢ctricity. Small projeqts aré normally' suited to rémoté regions
wheré grid power is not possible to deliver. Tﬁey may havevdetrimental environmental
. ‘effe.cts but well-designed schemes should have lesser or no impact. |
. Whilc large projects have been displaced from the renewable arena, small hydropower
 is still permitted through the.door. This partition is politically motiyated and not logical,
since both large and small hydropower are renewable sources of enérgy. If the World
_Commission of Dams proposals are executed then perhaps thé image of large
- hydropower can be reséued. But that may take sevefal years to happ}el;l (Bfeeze, 2005)

and (Roth and Ambs, 2004).

4.7.9.1 The hydropower resource

Table (4.17) presents some figures for ‘global hydropower potential, broken down by
géographical region. The gross theoretical capability; shown in column one, represent
‘ fhe amoun’.cy of electricity that can be generatéd if the total amount of rain that falls over

a region could be used to generate power at sea level (hence utilising the maximum
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head of water and extrécting most energy). This number is of little practical use but the
second column in the tablé ivs more functional. This shows how much of the theoretical
.capability could bé eXploitéd using tecimology tociay available. |

As the table presents, hydrobower potential is to be found in all parts ‘of the world.
- While 'every region has a signiﬁcant resource, the lafgest capability available ‘is in Asia
“where there is 4875TWh of technicain exploitable energy. At the other end of the scale,
the Middle East has 218TWh.
~ Not all of the technically exploitabie capability in any region éould be cost effectivély
,utilise(i.i. vThét cz;n be termed the economically exploitable capabili‘ty. Of the total |
tephnié_al éxploitable listed in the table,. 14,379TWH, just over 8000TWh is considered
to be econ‘omically: exploitable. This is three times greater thén 2650TWh of electricity
generated by the hydfdpower plants operating around the world foday. C.ons‘equently

two-thirds of the global resource remai_hs unexploited.

Table (4.17) The Regional hydropower potential

Gross theoretical Téchnically exploitable
Capability (TWh/year) capability (TWh/year)

Africa - >3876 - > 1888

North America 6818 - > 1668
~ South America - 6891 . >2792
Asia ' 16,443 , > 4875
Europe 5392 > 2706
Middle East 688 ‘ <218
Oceania - 596 . >232

Total ‘ >40,704 - > 14,379

| Source: World Energy Council

- And,
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Table (4.18) The regional installed hydropower capacity

Capacity (MW)
Africa ' 20,170
North America 160,133
South America : 106,277
Asia _ 174,076
Europe _ o 214,368
Middle East . 4185 .
Oceania o 13,231
Total ' A 692,420

Source: World Energy Council

The real level of exploitation varies widely from re-gion.to‘ region. The World Energy
Council estimates that in thé 1990s 65% of the economically feasible'hydfopower
potential has béen deveioped in Europe and 55% in North America. In Asia, by contrast
the level of ¢x_bloitation was 18% while in Africa it was as smail as 6%.

~ So, as noted, the'de\'/eloped world has the advaniage of mﬁch of its hydropower
resource, although the resource in the "develo‘ping World remains largely unexploited.
Africa, in particular, has some major,hydropoWer' sites that 'cou‘ld sensitively and
correctly"be developéd; pfoViding signiﬁcantly greatér p-rosvperity to régions of that
continent. | |

deay the gross global installed hydropbwer capacity is just under 700GW, with
another 100GW under construction. Current global hydropower capacity-is broken
down by region in table (4:18). In gross, Europe has the bligg'est instélled caﬁacity,
'» fo]lowed by Asia énd North America. The Middle East, probably the wbrlci’s .most dry
region, has the sméllest caﬁacity.. Comparing the numbers in the table (4.18) with those
in the first table (4.17) confirms that Africa has exploited rélativ'eljr less of ité capability

than any other region.

- 115



If ail the outstanding economically exploitable capacity in the world was utilised With
the same efﬁcieﬁcy és that of ‘existing capacity, ' ah additional 1400GW could be
constructed. This would roughly triple ili/dropo{ver capacity. Explditatien w'ould engage
an additional 14,000 ﬁower pla.nts.with an average size of 100MW, at a cost of $1500

* billion (Breeze, 2005).

- 4.7.9.2 Hydropower sites

‘The first stage iﬁ buildihg a hydropov.(/er:p_lant is to find a suitable site. This may appear
obvious, but‘ its important to realiee that hydropower is site speeiﬁc. Not only does it
depend on a suitable site being available but the nature of the project will depend on _the
topography of the site. You cannot have é hydropower plant without a suitable piace to
construct it. In the case of large hydro projects (010 MW in capacity), siteé will often
be along bway from the place where the power is to be used, necessitating a rﬁéjof
'transmission_project too. | |

» A hydropower project requifes a river. The energy thet can be taken from the river Wili
depend en two factovrs, fhe Voiume: flowing and the drop in n'verbed level, normally
known as the head of Water, that can be ﬁsed. A steeply ﬂowing river will yield more
electricity than a sluggi»sh one of similar size.

This does not mean that slow-flowing rivers are not Suitable fer' hydropower
development. They often provide sites that are Cheap and easy to exploit. In contrast,
steep‘ly flowing rivers are often in inaccessible regions where exploitatioﬁ is difficult.
Some sites offer the pofential for the generation of vthousands of megaWatts of power.
Properly, the largest of these in on the Congo river, where a multiple barrage
development  capable of supporting up to 35,000MW could be installed. T_his is

exceptionally large; most are smaller. Even so, such sites are Iikely to be extremely
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expensive to develop and in the current cAlrimate, extremely sensiti?é. They are also to be
‘multipurpose projects involving flood control, irrigation, fisheries and recreational |
usage as wéll as électricity generation.

How does one sét about locating a hydrépowér site? Many countries have carried out at
- least cursory surveys of the hydropower potential within their territofy and provisioqal :
défails of suitable sites are available‘frqm the water of power ministries. Sometimes
'much more defailed information is available but this cannot replace on-site surveys.
- Indeed sufveys carried oﬁt as part of a feasibility study form én integral of hydfopowcr

scheme (Breeze, 2005).

4.7.9.3 Small hydropower

Small hydrobowér projects are those under 10MW in size, though this classification éari
Vafy for different.countries. (In India, for .ekample, aﬁy’ project under 25MW ié
considered to vbe small.) While small prt)j ects opérate on fundamentally the same
principle.s as large projects and use similar equipments, there are some differences that
~ need to be considered separatetly..A |

Thépe are three types of sniali hydropowe; project, designated small, mini and micro
ones. AccOrding to the Unite(i Nations Development Prog;afh (UNIDO) and the World
Bank definition, a project in the range 1 to T00KW is cléssiﬁéd as a micro project while
100 KW 'tvov IMW is a mini project. The small project range will strétch frofn IMW to
| ‘between 5 and maybbe 30MW depending on who it is defming.

Small hydropoWer potential is reguiarly assessed separately from large scale hydro-
potential..A 1996 ‘estiniate put the global‘snvlall hydro capacity at 47,000MW with a
further 180,000MW femaining to Be exploited. In Europe there is éround 9,000MW of

installed small hydropower capacity and sites available for 18,000MW more. China
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claims an exploitéble potential for sites with éapacities under 25MW of 70,000MW.
Madagascar maintains has a gross theoretical sméll hydro pétehtial of 20,000GWh each
year. Clearly there is huge poténtial for future development in mény comers of the
World. |

Smail hydropower p;ojects may be. developed anywhere, mountainous terrain often
offers thg best potential. Thus Austria and Switzerland are both big users of small
hydfopowef in Europe. This represents a valuable resource since .communities are
located in rhountginous territdry often cénnot be integrated to a nat_ionél grid. '

Small hy’drobower plants are . theoretically similar to large siblings but the level of
investment involve_d Will affect the way a small projébt is developed. The turbines used
in small plants are thé samebtypes as those employed in lar'ge pfojects but whereas the
big plants will use turbines designed particularly for the site being developéd, a small
p’iant will generally have to use off—thefshelf turbine designed and genera{ors in orcier fo ‘
- keep costs low.

In addition to the standard Pelton, Fraﬁce’s and propeller turbines, there are a number of
special small hydropower turbines. These include Mitchell Banki turbines, Turgo
v _kimpulse turbines, Osbérger cross flow turbines and Gorlov tufbines. Energy efficiency
tends often'to be lower for émall hydro projects.

‘A study by the United Nétions Developing Program (UNDP) and the World Bank in
Ecuador found that systénis under SOKW had a maximum efficiency of 66% rising to
70% for units in the 50 to 500KW range and 74% for units between SKW and SOOMW.
Head height is an important factor in detefmining small hydro economics with higher |
head sites norrhally to develop. An impulse turbine is the best option where the head
héight is above 30m, a reaction turbiné beloW for lower heads is recommended. A head

height of less than 2.5m is difficult to exploit.
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Dams 'arildbarrage structure are glso simila'r in small and large projects but many small
schemes can use simplcr designs. Ruﬁ of river are popular since they involve the
minimum of .civil'WOrks. Novel designs, vsuch as inflatable and- r‘ubbe;r barrages have
also been in use. | |

A key cost factor 1n a -snﬂall hyd'rov project is the féasibility study. -Any hydropower
’project must involve a pre-feasibility study to  determine if ‘the site is suitable for
‘ development and a feasibility study to pfepare d’es'ign details. The sfudies will look'at
the hydrological and geological conditions at the site. For large schemes, the feasibiiity
study accounts for l‘to 2% of the thle ‘cost. In a small scheme it has been identified to
consume 50% of the budget.

Small hydropower budgets are squeezed frpm other directions tod, becausg capital costs
are not nécessarily in‘proportion td the éiAze’ of the. scheme. Control systefn césts, for -
example, escalate as the project size falls. The cost of grid connection may also make
_ smallér projeqts un-economical as grid-connected public pow'erproviders, althc)ugh they
can still provide an'economi'c supply to a small isolafed village or hamlet (Breezé, 2005)

and (Jacobsson and Son, 2000).

4.7.9.4 The -environment

The envirénmental effeéts of a hydropower project, particularly one involving a dam
and reservoir, are si gnificant and vshoﬁld be takeh info account when the project is under
vconsilderation. What is going tq bé submefged §vhen a reservoir is created? What éffect
will the dam or barrage.have on sedimentary flow ih the river? What are the greenhouse
- gas implications? Whose_interests are affected? ‘All these issues musf be addressed

carefully.
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In order to make a case study for such a project, a thorough environmental assessment
will usualiy be necessary and in most cases it will be compulsory. vSuch é sfudy should
include‘propd_salsb for the impyov_emént of any nggativé effects of the devclopmeht. In
rﬁahy cases, particularly where international lending agenciés are invblved, a project
will not .be permitted to 'prdceed unless the environmental assessment is favourable.

This is true of both public sector and private sector projects.

4.7.9.5 Greenhouse gases

v

While of the effects ofa hydropowe‘r project are‘negative, the effect on greenhouse
emiséions should, on tﬁe face of it, be positive. The gene_ration of hydropower dées not
involve creation of carbon dioxide. Unfortpnately, the situation is not that simpie'
| because a reservoir can bccome the »s'ource of methane and this gas. is an even more
efficient greenhous‘e gas than carboﬂ dioxide. (It is roughly eleven times more potéﬁt.)

A reservoir would become a source of methane if it contains a great deal of organic
’matérial — a tropical rain forest would be ideal and conditions are right for anaerobic
ferinentaﬁon. In the:&o_rst case, a ilydrdpower plant can‘. produce more greenhousc
emissions over its lifetime, than a similarly siZed fossil fuel power plant.

Foﬁunately that is not normally the case. If the ‘site is chosen carefuily, and trees are ‘
cleared before inundation, the ﬁroject should prodﬁce total greenhouse emissions
eqﬁivalent to as little as 10% of the emissions in one year from a similarly sized fossil
fuel plant. Moét of it Will be carbon dioxide, generated as a result of the construction of

the equipment of the plant.
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4.7.9.6 The cost of hydropower |

As- with mbét renewable sources .of energy, most bf the costs associated with a
hydropower plant are up-front Vcosts requiréd for. its coﬁstruction. Under most
circumstaﬁces the actual séurce of energy, the water, will cost nothing. |

' In the case‘of hydropower, the; up-front costs cén bé high making hydropower planfs |
difficult to fund using standard lending arrangements. Project financing in particular,
 where a loan is made in the expectation of -payback being covered By revenue from thev
power plant, has 'pfoved particularly difficult in latest years. The interest payments
required force the cost of electricity too hlgh for it to be economical.

And up to now, realistic césts mean that hydropower is certainly competitive.» Some
would argue that it is the chéapes’t source of electricity available. The problem for
hydropower is that while commercial loans for power plants 'afe generally over 10 to 20
' years, a hydropower plant will continue to generate power for perhaps 5‘0 years; with
relatively small further investméﬁt to rehébilitate the power house, this can be extended
to 10'0 yeérs or loﬂgef. There are some damé still functibm'ng in Spain that were built by
.the Romans — thoﬁgh not to generate po‘wér. '

‘The cést of hydropower varies frorh country to countfy and project to pvroj ect. The Table
(4.19) presents some blants built iﬁ the iast two decades (the Fiji plant was actually
éompleted around 1982). As the table shows, the cost of construction of a project can
range from $700/kw to $3500/kw. |

Tlie Chinese government has invested heavily in hydropower over the last decade.
Their experience indicates that m.ediurri‘ and_ large scale projects Cén Be built for an
average cost of arOurid $740/kw. In _generai, vsrnballer projects are relatively more céstly,
as the table indicates. Remote sités such those in Nepal are also more costly to develop

than simply accessible sites. Project costs will also depend on the kind of hydropower
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plant being built. Turbines for low-head pressure plants tend to be more expensive than

-those for high head projects. Bulb tufbines, of any size, are inherently costly. |

Table (4.19) The typical hydropower proj ecf costs

Capacity - Cost Unit cost
MW)  (US$ millions) (US$/KW)
Upper Bhote Koshi (Nepal) 36 98 . 2722
Manasavu-Wailoa (Fiji) =~ 40 - 114 : 2850
Kimti (Nepal) 60 . 140 2333
Bakun (Philippines) 70 147 2100
Mtera (Tanzania) ' 80 139 1738
~ Casecnan (Philippines) 140 - 495 3536
Theun Hinboun ' 210 - 317 1510
San Roque (Philippines) 345 580 - 1681
Birecik (Turkey) 672 1236 - 1839
Ita (Brazil) _ 1450 1070 738
Katakana (Turkey) ' 1800 1496 831

Three Gorges (China) 18,200 - 15,000 824

Soﬁrce: World Bank, Statkraﬁ, Modem Power System, The international J ournal of v
Hydfopowér and Dams, Montgomery Watson Harza. |

The price of electﬁcity from hydropower plant Will depend on the cdsft of buildi_ng and

ﬁnahcing the proj ect énd on the amount of electricity it generates when operating. For
recent hydropower projects built by the private sector With loans repaid over 10 to 20
' 'yéars, preliminary generating costs have been in the range $0.04 to $0.08/kwh.

HoWever once the loan has been fepaid the costs drop dramatically; The typical range .Qf
generatioﬁ cbsts is $0v;01/kWh to $0.04/kWh bbut may easily fall below 0.01/kWh. This

is cheaper than any cher source of électricity when compared. |

Small hydropower proje(:;ts can range from $800/KW to over $6000/KW depending on

the site and the size of the project. According to the In'dian Renewable Energy |
Development Agency, the capital cost of small hydro in’vlndia is between $800/KW and

$1300/KW and the generating cost is $0.03—$0.05/kWh. Similar numbers from the
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Energy Technology Support Unit for a typical UK project, but the capital cost at around

$1500/KW (Breeze, 2005) and (Roth and Ambs, 2004).

4.10 Powe'r geﬂeraﬁon techliology idehtiﬁcation
Power generaﬁon technology is the methodology to using certain technique to abstract
the energy stored in a certain fuel and s_,omehow "transfer_ring it to useful electrical
energy. There are so many methods to do so but ot all of them are suitable for.
developing countries for one reason or another. |
Here are some common methods to generate electrical power or in other words, ‘power
generating technologies. These technologies are classified according to fuel used:

1- Coal fired powef generation .

2- Oil fired power generation

3- Gas fired ﬁower .generatioﬁ

4- Diesel power generationl(piston éngine)

5; Fﬁel cellé power generétion

6->Hydrop‘ower generatioﬁ |

7- Tidal power g.eneration ‘

8- Geothefmal power generation

9- Biorﬁass based powef generation (bio vfuel)

10- Nuclear power generation

11- Wind pbwer generation

12- So‘larvpower generation
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4.10.1 Power generation technology selection

In this research work, the most cpmmonlyvused technologies in vdeveloping countries
_and may be feasible for the group. Amongst these there are some technologies more
appropriate thén others for déveloping céuntriés. |

1- C§a1 fried power geﬁeration

2- Oil fired power geﬁera‘tion

3- Gas fired poWer generaﬁon

4- Hydropower power generation

5- Geothermal power generaﬁon

6- Nuclear power generatién '

7- Wind power generatibn

8- Solar photovoltaic power generation

9- Thermal power géneration (solar)

4.10.2 Power generation technology filtration |

The gdal of this study isb to select a power generation technology for developing
countries at strategi§ level. Therefore, some »o{f these power techpologies are excluded
_from this study for some réasons. |

1- Diesel éngiﬁes h;we’ a long history of use in supplyi_ng po{Vér to remote cémmunities :
or isolated commercial faciliﬁes. It is commonly very well kndwn that diesel engiﬁes
- are most likely to be used in emergency conditiéns where the :supply of power is crucial,
such as in hospitals, soine compﬁter facilities for control purpose, ’militéfy radars to
watch the enemy and some govérnmental sites;

2- Fuel ce}lls} power generation technoldgy caﬁnot compete Wiﬂ“l. its high inSfa]lation

costs at $4500/kw comparéd with other generating technologies. With the exception of
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- .the PAFC (Phosphoric Acid Fuel Cel_l),‘ fuel cells‘are unprovben commercially. It seems
ﬁhlikely that they will ever be able to échieve the near-term industry cost target of -
$1500/kw or the long-term target of $400/kw by 2015. _ |
3- Tidal power geﬁ_eration is excluded from the sfudy when it applies to developing -
Countries Where a lot of them are far from the sea or oceans. The second major problem
where a coﬁntry cannot rely on a tidal poWQr genefafion’ technology-aléne is that where
~ the two levels of séa water and the basin water are.the same. In this coﬁdition_the plant "
will not rotate and drive the turbine and therefore no electrical power’is. generat,ed. For
~ the above reasoné, this téchnplogy is excluded frﬁm this study.

4- BiomassA ‘based power generation is also excluded from thev study because this
. technology is basically dépend'ant on the burning of grains produced by-agriculture to
‘féed human beings and aﬁimals. In developing countries there is a big shortage of food
for humans and.-animals; tﬁerefore there is no logic to burn the grains to produce pow.cr.
The second reason is tha£ this technology is still under develoi)ment. |

5- Waste Power generation is excluded from this studybecausé of the capital cést of
equipment to generate electricity from waste is ,generally much higher than for
conventional power generation equipment to burn fossil fuel. The cost of a typical
municipal waste combustion plaﬁt is‘ $5000 to $10,000/kw, ét least thrée times the cdst-
of a coél-ﬁred ‘'power plant Qf the same generating , éapacity. ,Accofding to U»SA |

government estimates, such plans generate electricity at between $0.02 and $0.14/kWh.

4.11 Selection of some criteria

There are some common criteria for the electrical power generation technologies, tliese
criteria are used to help in evaluating and appropratising these technologies to fill full

the increasing demand in the developing countries. These are as follow:
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1- Cost to generaté power and if's measured in US Dollars ($) or Cents.

2- Plant life, it is measured in years. | |

3- Requirérhent, there are different klnds of these re.quire.ments. |

4- Dependency, this criterion shows how muchA a developing country can rely on itself
or 6thérs and i’_c is measured as épercentage. -

5- Safety, this crit'eric;n shows how much a seleqted generéting technology is safe to

humans when it is put to work.

6- Pollution, this criterion presents how much a selected technology can harm the

surrouﬁdings such as hﬁm‘ans, animalé and ﬁlanet, and it is measured in more thén one

unit.

7- Development, this criterion shows how much a déveloping country can benefit from

implementing a selected generating fechndlogy.

4.11.1 Some iniportant sub-criteria
As mentioned anve, there are some common ériteﬂa to evaluate the different types of
' availabl¢ generaﬁng technologies. for generating electrical power. These criteria have
some sub-cﬁteﬁa to be abié to illustrate the situation and make the analysis clear and
| ﬁhderstandable. ‘
1-Cost, |
1.1- Cépital cost (US$ cents/kWh).
1.2- Fuel cost (US$ cents/kWh).

* 1.3- Operating & Maintenance (US$ cents/kWh).

- 2- Plant Life (years), has no sub-criteria.
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3- Requirements,

3.1- Land used (Hectares/l%Wh).’

3.2- vWétér needed (m3/kW).

3.3- Employment (persons/GWh)
4- Dependency,
| - 4.1- Foreign participation, percentage (%).

5.1- Local parti'cipation, percentage (%).
5; Safety, |

5.1- Noise level, decibels (dB)

5.2- Physical discomfort, percentage (%)

5.3- Psycholégical discomféﬁ; percentagé (%)
6- Pollution, ’ | o

- 6.1- Global warming, grams of carbon dioxibde (g.CO2/kWh)

6.2- Air polluti_on, percentage (%)

6.3- Thermal pollution, amount of heat released (GI/GWe)
7- Development, | |

7.1- Technology, percentége (%)

7.2- Industrial, percentage (%)

4,12 Selecting a suitable software for analysis

" This research work is considered to be a decision making process. From the goal of this:
rvesearch,‘ it is clear that the hard technology is chosen to be in the ﬁeld‘ of power
géneration for reasoﬁs: already noted. |

There are other methods used in the multi-criteria decision making process (MCDM),

such as distance based approach (DBA), data envelopment analysis (DEA) and
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operational competitiveness‘ rating analysis (OCRA). Tﬁe last method is mainly uséd in
financial situations (Parkan and W, 2000).

- For future research, the analytic network process (M) may be recommended.

Our present complex f_:n\"ironment calls for a new logic, a new way to cope with the
myriad of fac‘tors‘ that affect the zé,oals and the consistency 0f the judgement} wé use to
draw valid:conclu.sions. This approach should not be so complex that only the educated
can use it, but should serve as a unifying tool for tﬁoughts in geﬁeral.‘

The Expert Choice using the Advanced Decision Support Software named as the N
Analytic Hieraréhy Process (AHP) is chosen to be used’ as a tool. The AHP has some

advantages over some other methods.

4.13 Using data from literature

Finding data for developihg qouﬁtries was a difficult task, where it is found, most of the
time, it is short and does not satisfy the various types of technologies or criteria. ‘

Here, some data is listed to help to develop some conclusions which may help to clarify
and briﬁg the rAesearch. Work_ steps forward. So to“detérmin_e the intensity of impact of
 the various cbmpoﬁents of a .system,’we must perfo‘n‘n‘sorne type of measurement on a
scale with units such as pounds, mills, and dollafs. But thése scales limit the nature of
the ideas we .can deal with.

To fneasure priorities, we cofnpare one element against another. The old adage that one
cannot compare apples and oranges is false. A'pplles and oranges have many prdpérties
in common: size, shape, taste, aroma, colour, seediness, juiciness, and so on. We may
- prefer an orange for some properties and an apple for others; rhoreover, the gtrengtll of
our prefeyence may vary. We may be indifferent to size and colour, but have_a strong

preference for taste, which again may change with the time of day. It is this sort of
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complicated comparison which occurs in real life over and over, and some kind of
mathematical approach is required to help us determine priorities and make trade-offs.

The analytic hierarchy process is such an approach (Saaty, 1995/1996).

The AHP has some advantages; some of theses are listed as follows:

1- Unity: the AHP provides a single, easily understood-, flexible model for a-'wide range

of unstructured problems. |

- 2- Complexity,} the AHP integrates deductive | and systems approaches in solving
complex problems. |

3- interdependence, the AHP can deal witn the rnterdependence of elenrentsvin a systern
and does not insist on linear thinking.

" 4- Hierarchic Structuring, the AHP reflects the natural tendency of the mind to sort
elements of a system into different levels and to group like elements in each level.
5- Measurement, the AHP provides a scale for measuring intangibles and a method for
establishing priorities.

6- Consistency, the AHP | tracks the logical consistency of judgements used in
detennining priorities.

[7- Synthesis, the AHP leads to an overall estirnate of the desirability of each alternatrve.
8- Trade-offs, the -AHP take into consideration the relative priorities of factors in a
system and enables people to select the best alternative based on their goals..

9-7J udgement:z'ind Consensus, the AHP does not insist on consensus but synthesises a
representative outcorne from diverse judgements.
10- Process Repetition, the AHP enables people to refine their deﬁnition ofa problem’

~and to improve their judgement and understanding through repetition.
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Table (4.20) The main data collected from the literature for the nine technologies

considered in this sfudy and their criteria.

oil natural | coal hydro- | geothermal | nuclear | solar wind solar
fired | gas fired .| power B power | photo- | power | thermal
. . voltaic ‘ '
cost/capital 1.3 1.2 1.8 2.9 2.2 2.1 - 29.2 5.7 5.8
cost/fuel 2.4 23 | 1.6 - 0 0 0.7 0 0 0.8
cost/O&M 0.5 0.4 1.1 | 03 1.3 1.2 0.6 1.3 1.25
| plant life 35 35 40 50 30 30 10 20 20
.| requirement 80 [ 80 220 3000 | 650 400 1600 6000 1000
| land ' : T :
requirement 0.7 0.7 |. 08 7 1.1 0.8 0. 0 0.4
water ' ) : . .
requirement 4500 | 4500 | 4700 200 800 5000 500 500 700
employment o A
dependency 70 | 65 60 . 20" 20 60 20 20 20
foreign : ‘ :
dependency 25 25 35 60 15 4 20 | 15 25
local ' | _
safety-noise 30 30 30 15 70 20 10 20 20
safety- - 30 25 45 20 50 35 20 - 40 30
physical : N ’
safety 10 .10 15 . 15 40 - 90 10 20 10
psychological ' { '
pollution, 733 650 990 18 22 .22 59 37 180
global - : C
warming v .
pollution air 30 25 55 0 40 20 0 0 15
pollution 40 40 45 0 75 60 g1 | 0 4 40
thermal ‘ ‘ ' . -
development | 15 . 25 35 65 - 40 55 . 65 50 50
technology : '
development 30 30 30 15 15 35 8 8 10
industrial ' N : .

Source: JSME International Journal Series B, 2004, Volume 47; part 2, Widiyanto, A;

Kato, S; Maruyama, N.

Note: The top three rows have been converted from Yens to Dollars (§1 = 120 yens).
Using the Analytic Hierarchy Process (AHP), methodology based on the judgement
between the criteria éuch as cost, plant life, requirements, pollution, safety and other

criteria noted above.
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4.14 Building the model using the AHP

Now after determining the nine power generation technologies, the significant criteria
. and the sub-criteria, the AHP software can build the general model or the tree view of

the model.
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Model Name: POWER GENERATION TECHNOLOGY SELECTION

O Goal: Power generation technology selection
Cost ($cent/kwh)
—O Capital
Fuel
Operating&Maintenance
—@® Plant life (years) '
Requirement
Land used (Hectare/MW)
Water requirement (m3/kw)
Employment
—O Dependancy
—O Foreign
—@ Local participation
—CO Safety '
—O Noise level ‘
—O Physical discomfort
—O Psychological discomfort
—O Pollution '
—© Global warming
'@ Air pollution
- —@® Thermal pollution

. Development
; Technology
Industrial

Fig. (4.1) The model of the power generation technology
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Goal: Generation Technology Se!ectpn,{
|

ﬁ | 1 l L 1

| Cos’t(Scentjkwh)‘l‘_kPlant Liefyear )I quu]rement’. »Q“ependancy]j Safety} Polution DevelopmentE
| r | 1
Land used(hectar/M )l Watér(mB/kw)l Employment|
IR j T AR

[ I | T I T, L
O] Nt ] Coae ytoprer| Gotemal Nucr| S Y| W over| o ot

| Fig. (4.2) The hierarchy block diagram of the power generation technology (produced

by AHP).

The abbve hierarchy blbck diagram is the outcome resﬁlt from the AHP software used |
~ for aﬁalysis. The above Block diagrarﬁ represents the four layeré of the model and these
are: |

The goal, the'criteria, the sub criteria and the éltematiyes represented by the different

hard techhdlogies option.
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© 4.15 Conclusion

In this chapter, the power generation technologies ore explaine‘d ond identified. The size
Aof this ihdustr)‘/. is illustrated by means of tables around the world. The hard technologies
.are cléssiﬁed_'by means of fuel type. In every section the cost of the technology is
explained and also the fqel as well. The enviroomental. considerations and the effect on
the hard teohnolo gy on the ehvironment of hard techpologies are pfesented.

The power generation sectioo in developing countries is especially because of its.
significant, importance and share of lifting other sectors to deyelop.'

. Nine hard technologies are identified to be included. These are coal fired, gas fired,
nuclear, solar photovoltaic, solar thermal, wind power, geothefmal powér and
hydrepower geoerating hard technologies. Some hard technologies are excluded from
the study for some explained reasons. |

-Some important criteria and sub criteria ar‘e> identified which have significant effect on
- the seloction' of power generation technology.

Uéing data from literature for different criteria and some criteria for hard tochnologies
to achieve the gool of tho study and presented in table 4.20.

There -is a foll explanation'why the AHP soﬁWare isb chosen here as a multi criteria
decision making tool and also the advantages of this model over.some other méthods.
The proposed model is >presented in fig. 4.1 includiog the goal and all different criteria
~and sub critefia. | |

The hierarchy block diagram is showﬁ to clarify the different lev.els of the proposed

model.
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- CHAPTER FIVE
' HARD TECHNOLOGY SELECTION
 RESULTS AND THE SENSITIVITY

ANALYSIS



5.1 Introduction
- This research woﬂ; is considered as a decision making process. From the goal of this
| research, it ié élear that the hard -technoiogy is chosen to be in the ﬁeld of poWer
genefatibn for some reasons already noted. |

Our present complex environment calls for a new lbgic, a new way to cope with the
myriad factors that ef»fectvof goals and the consistency of the judgement we ﬁse'to draw
valid conclusions. This approach should ﬁot be so complex that only the. educated can
use it, .but shﬁuld serve as a unifying tool for thought in general. |

The Expert Choice using the Advanced Decision Suppprt Software named as the
~Analytic Hierarchy Process (AHP) is used to take the appropriate décision of har‘d

technology selection to generate electrical power.

5.2 Resulté

: Afte'f building the fnodel and entering "[he‘ data to the AHP softwaré (Analytic Hierarchy
| Process), the following}diagram was produced by thé (AHP) showing the results.

The ‘results show | that the hydropower technology is the most significant power
generation technology ‘for developing countries §vhere compared with Vthe other eight

technologies which have diff_erent values with respect to goal as listed in table (5.1):
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Table (5.1) The output results of the AHP for hard technology priorities

Hard technology ' Priofity :
Hydropower , 0.19
Wind pbwer . | - 0.177

-' Solar pho’_tovoltaic | 0.164
Geot»hen.nal}‘ power - 0.104

Natural gas 0.0’77
Nuclear power | 0.076 -

- Oil fired 0.075

Solar thermal ‘ : 0.073

- Coal fired | ' 0.064

| The Hydroﬁower generation technology hés a value of 0.19, the highest. The Wind
power generation has a value of 0.177, the second highest. The Solar Photovoltaic hés a
lvalue of 0.164, thev third ﬁighest. The Geothermal powér generation technology‘has a
value of 0.104, which makes it the forth. The natural gas techndiogy has a value of
0.077 which makes it fhe‘_vﬁfth power generation'teclmblogy., The nuclear poWer :
technolbgy has a valué‘o‘f 0.076 which makes it the sixth power generation technology
to meet the goal. | |

The sec9nd group of power generation technologies are, oil fired, solar thermal and coai
fired pﬁwer generatioﬁ technologies.

The oil fired teéhnology has a value of Q.O75, which makes it the seventh genération

technology with respect to the goal.
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The solar thermal power genera;[ion technology has a value of 0.073 which makes it the
- eight generation technology With respect to the goal. The coal-fired technology is the ,

. last of all with respect to the goal with a valie of 0.064.

tis >very oleaf that renewable alternative technologies Which have the lowest effect and

friendly impact oﬁ the enVirbnment that meansvthey will not pollute the environment
-and do not need any fuel to operate are the most signiﬁcant technologies with respect to-
| the goal which maké them the best pbwer generation téchnblogies to build and use to

generéte electrical power in developing countries as it can be seen by fig. 5.1.

Hydropower
Wind power
Sotar PV
Geothermal
Natural gas
Nuclear

' o firea
Solar thermal
Coal fired

Graph (5.1) The results of the power generatio'n technologies selection by the (AHP)
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5.3 Introduction to sensitivity analySis

Sensitivityv analysis is to be aarried out for the future work to make this model copping
~with any possible changés in the input criteria such as ﬁléliprices we see today that is
oil, gas and coal are increasing very sharply.» The second reason to 'cai-r'y Sehsitivity
analysis is to maké this model compatible for developing counties.

| Sensitivity analysis is identiﬁeil as one of the principal quantitative fechniques Vu'séd for
~ risk 1nanagement-i1i the United ‘Kingdom.'Also- it is indicated that sensitivity analysis
can provide the basivs for planning adaptation measures to mitigate the risk of climate
change. Sensitivity analysis can be. used as an aid in identifying the iihpOrtant
uncertainties for the purpase of prio_n'tizing ad‘ditional data collection or “res-earch.
Furthermore, sénsitivity analysis can play an important role in model veriﬁcation anci
validation throughout the coarse of model deifelopment and reﬁnement. Sensitivity '
analysis can be used to Iirovide insight into ﬂie robustness of model results when
making decisions. Sensitivity analysis methods have been applied in various ﬁalda,
including complex engineering systeins, e(ioiio'mics, physics, soaial "sciences,» medical

decision making and others (Frey and Patil, 2002).

5.4 Methods of sensitivity analysis
This section identifies sensitivity analysis methods used across various disciplines.
Different methods and speciﬁc applications of each method are given. Strengths and

limitations of the methods are noted in brief.

5.4.1 Nominal range sensitivity
This method is also known as local sensitivity analysis. This method is applicable to

deterministic models. It is usually not used for probabilistic analysis. One use of
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norninai serllsitivityk anolysis is as a screening analysis to identify the most important -
inputs to.propagate througfl a model in a probabilistic‘framework. It is described as it
cé’n evaluate the effect on model outpute exerted by individually Qarying only one of the :
model inputs across its entire range of plausible velues, while holdihg all other inpute at
their oominal or base-case values. The difference in the model ootput 'doe to 'the change
~in the input variable is referred to as the sensitivity or swirig we'ight of the mode}l to that
o Ioarticular input variable.
" The results of the nominal range sensitivity are most valid when applied to a lin'ear,’
‘model. | “
Its advantage is a relatively simple method that is easily applied. 'It'works well with
linear models and. when the anaiyst has a good idea of plausible ranges that can be
assigned to each seleoted input. The results of this approach can be used to rank order
key inputs only if there are no ‘signiﬁcant'interactions among the inputs, and if raﬁges
are pfoperly speciﬁed for each input.
The disadvantage of thie method Ais that it addresses only e potentially smalllyportioo of
the possible space of inout values because interactions among inputs are difficult to.

capture.

5.4.2 Difference in log-odds ratio (ALOR)

The difference.in log-odds ratio (ALOR) method is a speeiﬁcation of nominal range -
~ sensitivity methodology. The ALOR is osed When the output is a probability. It is

described as the odds or odds ratio of an evehf is a ratio of the probability that Lthe event

occurs to the probability that the event doe‘é not occurs. If the eﬂfent has a probability of

occurrence as P, then the odd ratio is P/ (J,-P).Toe log of odds ratio olr’ legit is just

another convenient way of rescaling probabilities.
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If the ALOR is positive, changes in one or more inpﬁts ¢nhance the.probability of the
. 'speciﬁed event. If ALOR is negative, then the changes in the',outputs»cause a reduction
in the probability of the évent not occurring..vTh‘e greater the magnitude of ALOR, the
greater is the influence of the input (Frey and Patil; 2002). |
The.ALOR methpd was used by Stibér to idéntifyzkey inputs .to a model of ground water
decontamination via reductive de-chlorination. The fnodel inputs, ’referred »‘to as
“evidence,” include site parameters such as temperature, pH, andv whether various
Spe(:_iﬁc chemic‘a_ls are found to be present, such as okygen, hydrogen, chloride,
| ‘dichiovr’oethene (DCA), methane, and others.
The advantage of _ALOR method is a useful‘ nieasuré of sénsitivity when the model
outputis a i)robability. |
~ The disadvantages of this method‘, it can be used only when .the output is in terms of
probabilify. It suffers from drawbacks similaf to nominal range sensitivity analysis. It 1s
similar to nominal raﬁgc rsensitivi»ty analysis, ALOR cannot account for nonlinear
interactions betweeﬁ or among inputs. Similar to nominal fange sensiﬁvity analysis, the
significance of vdiffevrvences afnong tlie sensitivities can be’ difficult to detérmine"for_ '
nonlinear mbdels and cpnélated inputs, making it poteﬁtially difﬁcult‘t.o rank order key

inputs.

| 5.4.3 Break-even analysis

Bfeak—éven analysis is. more of a co'ncept_than, specific method. B_roadl_y speaking, the
purpose of break-even analysis is to evaluate the robustness of a decision to changeé in
inputs.

Break-even analysis involves finding values of inputs that prbvide a model output for

which a decision maker would be indifferent among the two or more risk management
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options. The combjnatir)ns of values of inputs for whrch a decision maker is indifferent
to the decision options are known as switch-r)ver or break-even values. Then, in order to'
asse'ss. the robustness of a ’clroice between the options, one cran evaluate whether the
p.os_sible range of values of the rﬁodel inputs corresponds with only oné of ’rhe two
choices.

The break-even analysis' is often used in economics for purposes such as blrdget '
planning. Break-even analysis bhas also found applications in several other fields, such
- as health care.

Tire advantages of the switch-over or break-even point. guides further modelling and
elicitation. If the range of uncertainty regarding an input encloses thé break-even pornt,
then that input will be important in making a.decision; that is; theré will. be uncertainty
regarding which decision to take. In such a situation, further research can be directed o)
- as to help the decrsioh maker narrow the range of ungertainty and make a decision with
more conﬁdence. | |

The disadvantage of this méthrﬁd is that, it is"‘notra straightforward method to apply. It is
a useful corrcept,-but its apﬁlication is increasingly complex as the number df sensitive
inputs irrcreases. There alsb is not a clear ranking method to dist‘i'nguish the relatirfe

importance of the sensitive inputs.

5‘.4.4‘ Automatic differentiétion techniquey

.The automatip diff_erentiation (AD) technique is an automated procedure of caléulating_
local sensitivities for large models. In AD, a computer code automat’icall}'rvevaluates
first-order partiél_derivatiVes of outp_rlts with resbect to small changes in the inputs. The

values of partial derivatives are a measure of local sensitivity.
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| Mosf of existing sensitivity analysis methods baéed on differentiation, such as
numerical differential methods has one or more of the following limitations: inaccuracy
in the results, high .cQst in human effort and -time, and difﬁcﬁlty in mathematicalv
formulation and computer program implementation. To overcome these lirrﬁtations, AD ‘
techniques were devéloped. AD is a technique to perform locai sensitivity analysis and
‘not a new method in itself. In AD, the local sensitivity is calculated at one or rﬁore
poiﬁts in the parameter space of the model. At each point, the partial derivatives of thé
modei output with respect to a selected number of inputs are evéluated.

Automatic differentiation finds application in models that involve complex numerical
differentiation calculations, such as partial derivatives, integral equations, and
mathematical series. It is used in ﬁelds_ such as bair'quality, aerodyhamics, .mechanical.
structures, and others. »AD ban be used for verification of part of a mbdel. |

The advantages of AD are that, AD techn_jqueé, such va’s ADIFOR, can be applied.
without having detailed knowledge Qf the algoﬁthm implemented in the model
ADIFOR does everything automatically once it is appended with fhe main code. AD is
superior to finite difference approximations of the derivatives because numerical valu_es

- of the cofnputed derivatives are more accurate and computationai effort is significantly
lqwer.‘It is observed that a CPU time saving of 57% by using AD for sensiﬁve analysis
as compared to using a traditional method. |

The disadvantage of the AD technique made be limited to speciﬁc‘ computer lahguages,
such as FORTRAN in the case of ADIFOR, requiring the user to provide FORTRAN |
code for the model. Because AD is a local téchnique_, it suffers from the lirﬁitations of
nominal raﬁge sensitivity. analysis. Furtherm;)re, unlike nominal range sensitivity ’
analysis, the possible range of yélues is not considered; ‘The accuracy for sensitivity

results is conditioned on the numerical method used in the AD software. Also, for
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nonlinear models, the significance of differences in sensitivity betWeen inputs 1is
difficult to determine, making the rank ordering of key ihputs potentially difficult. This

method cannot be used if partial derivatives cannot be evaluated locally.

5.4.5 Regression analysis
.RégreSsion analysis can be employéd as a pfobabilistjc sensitiyity analysis technfqiie. ,
- Regression analysis s.erves three ﬁajor purposes: (lj description of the reiati@; between
’ variables; (2) control of predictor Vafiabies for a given value of a response variable; and
(3) prediction of av response based predictor variables. A relation between inputs and
" output should be identified prior to ‘régression analysis, based on techniques such as
scatter plots. or on _understanding the functional form of the model. Methods such as
stepwise regression can be used to automatically exclude ‘statistically insignificant
inputs. The regréssion model may not be useful when exifapolating beyond the range of
\}alues used for each input when fitting the model. Régreséion analeis is most propérly .
pérfqrmed on an independent random sample of daté. Thé effect of inputs on the output
can be studied usiﬁg regression coefficients, standard errors of regressioﬁ coefﬁcients,
and the level of si gniﬁéancg of the regréssion" coefficients.

Regression analysis as a sensitivity analysis method applied in various fields such as
veterinary science, social science, food sciences, and food safety. It is also used logiétic
regression for sensitivity analysis of a stdchastic population model.

The advantages of the regression techniques allow ev_aluétion of senéitivity of individual
- model inputs, taking into account the simultaneous impact of o’ghef model inputs on the
result. Other‘regressibn techniques, such as those based on the use of partial correlation

coefﬁciehts, can evaluate the unique contribution of a model iﬁput with respect to
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variation in ak selected model output. Rank regression: can capturé any monotonic
relationship between an input and the output, even 1f the relationship is nonlinear.

The disadt'antage of this method is that the key potential dtawbacks of regression
analysis include: possible lack of robu‘stness if key assumptions ot‘ regression are notv |
met, the need to assume a.functional form for the relationship between an output and

selected inputs, and potential ambiguities in interpretation.

5.4.6 Analysis of variance

bAnally_sis of variance (ANOVA) is model independent probabilistic sensitivity method
used for determining whether there is a statistical association between an output and one
or- more inputs. ANOVA differs from regression analysis in that no assumption is
needed regarding the _ﬁinctional form relationships between inputs and the outputs.
Furthermore, categorical inputs and groups of inputs can be addressed. Inputs ‘are ’
referred to as “factors” and values of factors are referred to as factor leveis in ANOVA.
An output is referred to ‘as a response variables.” SingIe factor ANOVA is used to
study the effect of one factor on the response varlable Multlfactor ANOVA deals with
two or more factors and it is used to determin_e the effect ofi 1nteract10ns between factors.
A qualitatitle factor is one vt/here thellevelsdiffer by some q'ualitative attribute, suchas a
| type of pathogen or geographic regions. ANOVA is a nonparameti'ic method used to
- determine if va]ues ’of the output vary in statistically significant manner associated with
A Variation in values for one or more inputs. If the output does not have a significant
association with variation in the output is random. The exact nature of the. relationship
between the inputs and the output is not determined by ANOVA. Although the F-test is
generally used to evaluate the significance of the response of the'output to variation in

the inputs, additional tests, such as the Tukey test and Scheffe test, can also be used to
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eveﬂuate. Fér example, the effect of different input value ranges. In ANOVA, it is
assumed that the dut;ﬁut is nqnﬁally distributed. Diagnbstics checks are important to
deterrﬁine the assumptions of ANOVA are violated. If any keyv aséumptions are
violated, corrective measures can be taken to address the problem.

ANOVA finds broad application across various fields, including health risk assessment,
material testing, food quality, microbiology, and microbial risk asseissment.’ |

The advantage of this method is that no assumption is needed regarding the type of
underlying model and both céntinuéus and di‘scret_e inputs can be analysed using
'ANOVA; The results of ANOVA can be robust to departures from key as;s;umpfcions,
and addition.al techniques can be employed to deal with issues suéh as multicollinearity.

The disadvantage of this method is that ANOVA can become éomputationally intensive.
if there are a large number of inputs. If this begomes a probiem, a suggéstion is to try to
reduce the number of inputé analysed by using some iess cb_r_nputationally intensive‘
metho'd, such as nominﬁl range senSitivity analysis, to screen out intensive inputs. If
thefe is a significant depafture of the response variable from the assumption of

normality, then the results may not be robust.

5.4.7 Response surface methbd (RSM)

vTh,eA responseb surface method (RSM) can be used to represent the relation between a
respbnse variable (output) or one or more explanatory inputs. The RSM can be used in a
probabilistic analysis and it can identify curvatﬁres in the responsé surface by
. accounting for higher-order effects. The RMS is generally complex and, therefore, used |
in a situation when a limited number of factors are under investigation. A Responsev
Surfaée (RS)' can be linear or nonlinear and is fypically classified as first order or

second order. The second-order structure is used when there are interaction terms
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between inputs. The a'mmint of time and effort to develop a RS is.typically a function of
the number ‘of inputs included and the type of RS structure required. It is always
zidvantageous to limit the number of inputs that are included in the RS to fhose are
identified as most important by usirig screening sensitivity analysis method, such as
nominal range sensitivity ‘analysis. Monte Carlo simulation methods areitypically used
to generéfte multiple values of each rhodel input and to calculate corresponding vélues of
the model output. |

The RSM is often employed for optimization 'and product quality studies. It is
sometimes dem}onstrati:ed, the use of RSM to dptimize properties of cereals to maxiniiié .
consumer acceptance. The RSM can be applied for reliability analysis of an aluminium-
extrusion process.

.A key advantage of the RSM aipproach is ihat a potentially computationally intensive
‘model can be reduced -to a simplified form that enables much faster model run times.-
-Therefore, it will bé easier to apply iterative numerical procédures to the RS, such as
optimizatiqn or Monte Carlo simulation, compared to the original model. Furtherniore,
the functional form of the RS riiodel and the values of its coefficients may provide a
useful indication of key senéitivities. Nominal range sensitivity or other methods can be
: applied to the RS model to elucidate ‘sensitivities, with faster run times.

Tlie disadvéiitage is that because the RS is calibrated to the data generatéd from the .
oiigiiial model, the Vélid domain of ‘applicabilityv of the RS model will be limited to the
range of values used to genefate the calibration daté set. qut RS studies are based on
feWe; inputs thén the original model. Therefore, the effect of all original inputs on the

sensitivities can not be evaluated by the RSM.
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5.4.8 Fourier amplitude sensitivity test

The Fourier Amplitude Sensitivity Test (FAST) method is a‘procedure that can be used

for both uncertainty and sensitivity anaiysis. The FAST method is used to estimate %lee

expeeted value and variance of the output, and the contribution of individual inputs tvo.

_ the variance of the output. The FAST method ie independent of any assumptions about |
the model‘ structure, and works for monotonic and nen monotonic model_s. The effect of
only on input '(locai sensitivity) or the effect of | all inputs varying together can be

~assessed by FAST.

The main feature of the FAST method is a pattern search method that sel’ects points in
the input parameter space and is reported to be faster than the Menfe Carlo method. The
.elassic FAST method is not efficient to use for nigh-order interaction terms. Hewever, ,

‘the extended FAST method developed by Saltelli (1999) can address higher-order |
interactions between the inputs. A transformation function is used to convert valuee of
each model input to values aiong a search curve. As part of the transformation, e
frequency must be specified for eeeh input.

The advantage of this rnethod ie that the FAST method is sUperiof to local sensitivity
anaiysis ‘method because it can apportion the output variance #Q the variance in the
inputs. It also can ‘be used for local sens‘itivity analysis with little modification. Its
model independent andwerks for monotonic and non monotonic models. anrfhennere,
it canal'lowarbitr‘arily large variations in input paramete‘rs. Therefore, the effects of
extreme event»s‘ can be analysed. The FAST method can be used to determine the -
difference in sensitivities in terms of the differing amount of variance in the explained

/ by each input and th_ns can be used to rank order key inputs.

The disadvantage is that the FAST method euffers from cornputational complexity for a

large number of inputs. The classical FAST method is applicable to models with no -
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important or significant interactions among inputs. However, the extended FAST
method dev‘elo'ped' by Saltelli (1999) can account for high-order interactions. The

'reliability of the FAST method can be poor for discrete inputs.

5.4.9 Mutual information index -

‘The objective of the rnutual information index '(MII) sensitivity analysis method is to
produce a measure of the 1nformat10n about the output that is provided by a part1cu1ar .
input. The sensitivity measure is calculated based on cond1t1ona1 probab111st1c analy51s

~ The magnitude of the measure can be COrnpared for different inputs to determine which
inputs provide useful information‘about the output. MII is a computationally intensive_
method that takes into account the joint effects of variation in all inputs with respect to
the output. MII is typically used for models With dichotomous outputs, although it can
also be u;ed for outputs that are continuous; ‘The MII' method typi_catly involves three
general steps: (1) generating an overall conﬁdence measure_ of the output value; (2)

~ obtaining ka conditional confidence A’measure for a given -value of an input; and (3)

.calculating sensitivity indices. The overall conﬁdence in the output is‘ esttmated from
CDF of the output. Confidence is the probability for the outcome of vinterest. .For

example, if the dichotomous output is whether risk is acceptable, the conﬁdence is the -
probability thatthe risk is less than or equal to an acceptable level.

| The MH method was devised by Critchfield and Willards (1986), who demonstrated its

| application"on a decision tree model. A dichotomous model was used to decide between

two options to treat the disease of deep vein thrombosis (DVT): antieoagulation and

observation. Each of these options had a relative impoi‘tance to the decision maker and.

they were valued in terms of utility.
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The advantage of MII includes the joint effecté of all the inputs when evaluating
sensitivities of an input. The mutual information is a more difeCt of vthe probabilistic
relatedness of two random variables than other measures, such ‘as correlat_ion
éoefﬁciénts. For example, the correlation coefficient of two random variables examines
the degree of | linear relatedness of thé -Vaﬁable.~Although two uncorrelated variables
may not be independent, two variables With iero mutual information are statistically
independent. Therefore, the MII is a more informative method. The results can be
presented graphicglly, thus facilitating their comprehensic.m.‘

The disad\;antage' of this method is that the calculation of the MII Monte. Carlo |
techniques suffers ‘fro.m computational éomplexity, fnaking practical application
difficult. Athher approach has been suggested using .symbo-lic algébfa, ‘which is
repo‘rted to be less kcomputa't'ionally intensive. Because of the simplifyiﬁg approximation
that may be used in MIJ, the robuétnesé of ranking based on the sensitivity measure can

- be difficult to evaluate.

5.4.10 Scatter plots

A scatter piot is a graphical sensitivity analysis method. Scattei{plo»ts é,fe used for .visual v
assessnignt of the influence of indiyidual inputs on an output. A scatter plot ié a method

- often used aﬁerl a probabilistic simulation of the model. Scattér plots are also often used

as a first sfep in'other analyses, such as regression analysivs and RS methods.

Each realization in a probabilistic simulation, such as a Monte Carlo simulation,
geﬁerétes o—né pair of an input value and the coﬁesponding oufput val_ue.A These
simulated pairs can be .plottéd as points on a ‘scatter' plot. Scatter pldts depict the

possible dependenée bétween an input and the output. Dependence may be linear or

nonlinear. The range of variation of the output may be constant regardless of the
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speci‘ﬁc value of the input, or it may Be non constant. Scatter plots may be based on
sample values or based on the ranks of the values. Because scatter plots can help
visualize and identify potentially camplex dependeﬁcies Between input aﬁd dutput, they
caﬁ be us.ed to guide the selection of appfopriate sensitivity analysis methods. For
example; if ‘trhe relationship is nonlinear, then a nonlinear regressibn model, or a
transfonnatian of the (Iiata,'may be“required. |

Scatter plots have been used as an aid to sensitivity analysis in various fields, including - -
behavioural studies, envirQnmenfal pollution, plant safety, medical science, and
veterinary saienae. As an example, Moskowitz, 1997, used consumer-based product
evaluation' to identify optimal product'fvormulations for ready-to-eat cereal. Several
physical attributes of the cereal, such as appearance, colour, ﬂavouf, and quality, which
dépend on parameters (or inputs) such‘ as the amount af sweeteners and starch, :die size,
and roasting time, have an iﬁpact on how;v 'much fhe customer likes the cereal.

The advantage of this method is that Scatter Plots are often repommended asa ﬁrsf stef)
‘in sensitivity analysis of a statistical sample of data, whether it is an empirical sam‘plebor
the result of a probabilistic' siinulatioﬁ. A key advantage of scatter plots is that they‘
allaw for the identification of potentially- complex dependenciés. An ﬁndersfahding of
the nature of the dependencies between inputs and an output can guide the selection of
other appfopriate sensitivity aaalysis methods.

A potential disadvantage of scatter plots is that they can be tedious to generate if one
must evaluate a large number of inputs and oufputs unless commercial software to
aatamatically grenerate multiple scatter plots. Although not necessarily a disadvantage,
the interpretation of scatter plots can be qualitative and may rely on judgement.
Whatever the sensitivities of two inputs differ significantly from each other cannot be

judged from their scatter plots.
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5.5 Sensitivity analysis using AHP

It is often desirable to t.es,t the reéponsiven_ess or sensitivity of the outcome of a decision
to éhanges iri the priorities of the major criteria of that problem. What ‘one does is 'io
change the priority of that criterion keeping'the proportions of the priorities for ihe other
critéri_a the same so again they all, including the changed ciiterion, add to one. The
software Expert Choice has at least five ways to display the result of such sensitivity

changes.

5.5.1 Performance sensitivity

All infoimation about how aliernatives behave on each of the criteria is put in a single
graph. Each criteriori is represc'nteci by a vertical line and the points at Which the lines
representing the alternatives cross that line indicate the values the altérnatives have for
that criterion, as measured on the right hand scale. The vertical line ﬁext to the right
hand scalé, labelled overall, show that the composite weight for each alternative as ido
the intersections with the scale itseif. The priority of a criterion is shown by the height

of its rectangle as read from the left scale (Saaty, 1995).

5.5.2 Dynamic sensitivity

Both criteria and altefnatives are represerited by horizontal bars on the left‘ and on ihe
right respectively. Varying the length of the criteria bars gives rise on.thé‘appropriate
* variations in the lengths of the bars represenﬁng the priorities of the alfematives. When
one criterion bar is moved outward for eicample the others' automatically anci

proportionately move inward (Saaty, 1995).
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5.5.3 Gradient sensitivity

It shows thé variation of the pri‘orities' of alteméti;/es cofrespohding to variations in the
priority in single criteria. The intersection of the vertical line with the horizontél scale
shows the actual values of the criterion as it arises in the problem. "fhe intersec‘tion of
~ the altemétives’ lines with the left hand vertical scale, represent the ‘altema_tives’
priorities. Moving this line to the left or to the right shows how the alternatives’
' ﬁﬁorities chahge as the pﬁdrity of the criteﬁon changes (Saaty, 1995) and (Chang, at el.,

2007).

5.5.4 TWo-dimensi(_in plot

It shows how well the alternatives (represented by cycles) pérform with vreépect to pairs

of criteria one on the x-axis and the other on the ky-axis. The ﬁ'gure here shows their
’ proj'ectionA on the diagbnal of the rectangle. .Tllle fal;ther out on this composite line the

projection of a point falls, the better that the alternative rates on the two criteria.

5.5.5 Weight differences sensitivity'

The lengths‘ of the horizontal bars show the difference of each pair of alternatives, here
given for the alternativel priority ‘andv the alternative2, on each of ‘the criteria. If it is
positive it is in favour of the alternativel (represented on the right), if it is negative it is
in favour of alternative2 (represented on .the left). Th‘é overall difference scale ié the‘ '

bottom line in the figure. All pairs of alternatives may be examined in this way.
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5.6 Sensitivity analysis of power generation technology selection
Before selecting and choosing any of the nine input factors, it is imp'ortant to see the
output of the model and most important factors effec'ting this decision (factor weight)

and the factor significance.

From graph (5.2), it is clear that the importance of these determine factors are as
| ~ follows respectively:

Table 5.2 The .weight of different criteria determining goal

Criteria name ' -' - Weight % |
Cost ' 33
Poliution _ - 7 23.6
Safety , ‘ . 206 }
Plant life _ } : 9.3
Development ' - 6.8
Requirement 3.4
v Dependency' ' 33
Inponsisténcy =0.06 » | |

As it can be'k clearly seen fforri. graph (5.2) that cost has thé highest effect and weight
among these criteria, it is more logical to vary the criteria and sub criteria according to
their weight and wifh higher impoﬁ@ce.

fhe cost is the combination of the three sub-criteria nameiy as, capital cost, fuel cost

and operation & maintenance cost.

154



" DWER GENERATION TECHNOLOGY SELECTION

Priorities with respect to:
Goal: Power generation technology selection

Cost ($cent/kwh)
Pollution
Safety
Plant life (years)
Development
Requirement
Dependancy
.~ Inconsistency = 0.06
with O mlsslngj'udgments.

'Graph (5.2) The priorities of different criteria with respect 4to power generation

technologies

The first cﬁteﬁon is the cost jof the power generation which has‘the highest Signiﬁcant ”
weight affécting the éutpﬁt decision of this research work.

The ﬁrét sensitivity anaiysis calculation to be' conducted is the éapital cost, |

From‘the AHP software, the total of the tﬁree above sub-cﬂteﬁé should be added tlo 1
(uhity)'. |
And hence, we can look to the AHP fesults before analysing the sensitivity analysis.

The perceritagé of the cépital cost participation of the total cost is 49.7%,. the fuel cost

percentage is 36.9% and the operation and maintenance percentage is 13.4%.
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The first criterion to be varied is the capital cost and what impact has it got on different

technologies priorities gain of loss is given in table 5.3.

Table (5.3) The capital cost change and the percentage priority technology gain

Capital | Hydro | Wind | Solar | Geothermal | Natural | Nuclear | Oil | Solar | Coal
cost % PV | gas |- fired | thermal | fired
-10 053 | O 1.22 2.9 -1.3 -1.3 -1.3 -1.4 -3.1
0 0. 0 0o | . 0 0 | © 0 0 0
10 -1.1 0 | -0.6 -19 0 1.3 1.3 1.4 3.1
20 -2.1 0 -1.8 -3.8 | 13 1.3 1.3 2.7 6.3
30 -2.6 0 -2.4 -5.8 2.6 26 | 2.7 4.1 7.8
40 -3.7 0 3.1 | 277 2.6 3.9 4 6.8 10.9

technology priority % change Vs. capital cost % change

' 8
O hydro

O wind

solar Pv

A1 || (O geothermal

| | & natural gas
O nuclear

.| & oil fired

/| |8 solar thermal
| |0 coal fired

technology % gain

capital cost % (~10,0,10,20,30 & 40)

Graph (5.3) The technology percentage gain with a change in the capital cost.

From table (5.3) and the graph (5.3), it can be seen and concluded that the coal fired
teych‘nology has the highest priority percentage gain when the capital cost is varied from
-10, 0, 10, 20, 30 and 40%. ‘The second significant criterion is the solar thermal

technology has the second priority 'percenfage gain when the capital cost is changed. It
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can be exijlained that the technologies which depend on fossil fuels have made the
largest gain among other techno'logies results. |

The second important criferion is the fuél cost and how differéﬁt technologies priority
percentage change when the fuel cost varies from the coré value to 100%.

Table (5.4) The impact of fuel cost varying on different technologies percentage gain. -

Fuel | Hydro | Wind | Solar | Geothermal | Natural |. Nucle | Oil Solar | Coal
cost % PV- gas ar fired | thermal | fired

25 0 1.695 | 1.22 4.808 -5.195 -5.3 -1.37 | -3.13

50 0.53 | 3.39 |3.049 9.615 -10.39 -10.67| -1.37 | -6.25

75 0.53 | 4.52 | 3.659 14.423 -15.58 -14.67 | -2.74 | -9.38

OO0 O

100 | 1.05 |6.512 | 4.878 19.2 -20.78 -18.67 | -4.11 -12.5

technology priority % change Vs. fuel cost % change
20
16
e 12 g
> 8 O hydropower
X ~ O windpower
> 4
= solar PV
2 0 geothermal
: 4 4 4 | | @ natural gas
g 8 | B! | |Onuclear
E _ ® oilfired
g -12 @ solar thermal
“ 6 O coal-fired
-20
24
' fuel cost % (0,25,50,75&100)

Graph (5.4) The technology priority percentage change with the fuel cost varying
From table (5.4) and graph (5.4), it can Abé seen and concluded that the priority

percentage of the geothermal technology has the highest significant gain. And the

second significant priority technology percentage gain is the wind power technology:
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The third criterion is the operation and maintenance (O&M) and different priority

technologies percentage change when the operation and maintenance varies.

Table (5.5) The operation and maintenance cost and different technologies change.

0 &M | Hydro | Wind | Solar | Geothermal | Natural | Nucle | Oil . | Solar | Coal
cost % PV v gas ar fired |thermal | fired
5 0 0 0 0 0 0 0 0 0
10 0 -0.57 0 --0.96 1.3 0 1.3 0 0
20 0 -0.57 0 -0.96 2.6 -2.58 13 0 0
30 0.526 | -1.13 0 - -1.90 3.9 -2.58 2.67 -1.4 0
40 0.526 | -1.69 0 -2.88 - 5.2 -2.58 4 -1.4 0
50 1.05 |-226{ O -2.88 6.5 -2.58 5.3 -1.4 0
100 |- 2.10 | -4.52 0 -6.70 - 13 -5.2ﬁ0 10.7 -2.74 0
technology priority % change Vs. O&M cost % change

14 +
) 12
f:: 10 z a Hydro
S 87 0 Wind
X 61 @ Solar PV
2
5 4 0 Geotherm
8 2 Nat.Gas
§>‘ 0 1 O Nuclear
S 24 & Oil fired
T 4 Solar therm
. -6 O Coal fired

-8 :

operation&maintenance cost % (0,5,10,20,30,40,50&100)

Graph (5.5) The efféct of operation & maintenance cost on techhologies priority

- percentage gain

From table (5.5) and graph (5.5), it can be seen and concluded very clear that the

highest significant technology priority gain is the natural gas power generating
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technology. The second signiﬁcantr technology pl'iQrity gain is the oil ﬁ.red i)oWer

generating techﬁology.

The seeond c’riterienv which_has the second significant effect by looking to table (2.2)
~and graph (2.2) is the pollution ahd its three sub-criteria are global warnﬁng, air

éollutioﬂ and thermal pollution. |

The first ef the mentioned three to execute and to check its sensiti\}ity and its effect on

the output decision is the global wa_rmiﬁg. .'

' Table (5. 6) The global wanmng percentage change and its 1mpact on dlfferent
technologies percentage change.

Global | Hydro | Wind | Solar | Geothermal | Natural | Nuclear | Oil | Solar Coal
warming PV gas fired | thermal | fired
0 0 0 0 0 0 0 0 0 -0
10 -0.53 0 0 0.96 0 0 -1.3 0 0
20 -1.1 1-056| O 0.96 0 1.3 -1.3 1.4 0
50 | -15 | -1.7 | -06 | 19 1.3 1.3 1 0 | 14 1.6
75 26 | 23 | -1.2 29 | 26 . 2.6 0 2.7 1.6
100 -3.2 | -33 | -1.2 3.9 26 | 26 1.3 2.7 3.1

- ‘technology priority % change Vs. global warming % changei

T
| {0 hydro

| |owind

| [msolarPV

| lo geothermal
natural gas
O nuclear

4 |moil fired

| | @ solar thermal
_ |Ocoal fired

-1

technology priority % gain
o

31

global warming % (0,10,20,50,75&100)

Graph (5.6) The glebal warming percentage change verses diffefentv technologies

priority percentage gain.
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From table (5.6)' and the graph (5.6), it can be seen and concluded that the geothermal

power generaﬁon technology has the highest priority percentage gain. The second

priority percentage gain is the coal fired technology and the third priority percentage.

gain is the solar thermal power technology.

The second sub-criteria is the air pollution to be examined and how it is effecting the

.output decision.

Coal

Air | Hydro { Wind | Solar | Geothermal | Natural | Nuclear | Oil | Solar
pollution PV | gas fired | thermal | fired
-10 - 0 0 -1.8 0.96 0 1.3 0 1.4 0
0 0 0 0 0 0. 0 0 0 0
10 0 0 1.83 0 -1.3 0 -1.3 0 -1.6
20 0 0 4.3 -0.96 -1.3 -132 | -13 ] -14 -1.6
30 0 0 6.7 -1.9 -2.6 2.6 | 2.7 -2.7 -3.1

- Table (5.7) The air pollution percentage change and the change in different technologles

percentage change

technology priority % change Vs. air pollution % change

technology priority % gain

o

0 hydro ,
Owind .
solar PV

& geother
nat.gas

O nuclear

| & oil fired

8 solar therm
O coal fired

air poliution %change (-10, 0, 10,20 & 30)

Gréph (5.7) The air pollution effect on different technologies priority percentage gain.
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‘. Frbm table (5.7) and the graph (5.7), if can be seeﬁ and co.nclu.ded that the sensitivity
analysis shows that fhe possible change_ from -10 to 30 % of air pollution results the
highest technology priority percentagei gain»is the solar pho.tovoltaic. N
The third sub-criteria to be sensitivity analysed »is thé tﬁermal pollution and how it is

 effecting the output decision of hard technology priority.

Table 5.8 The effect of thermal pollution change on the different hard techhology.

Thermal | Hydro | Wind | Solar | Geothermal | Natural | Nuclear | Oil | Solar Coal
pollution PV ’ gas .| fired | thermal | fired
0 0 0 0 0 0 0 0 0 | O
- 10 0 0.56 | -0.61 | 0 0 0 0 . 0 0
20 053 | 0.56 | .-1.8 |  0.96 0 -0 0 0 0
40 1.1 1.7 | -3.7 0.96 0 0 0 -0 0
60 1.6 | 23 | -55 096 0 13 1 0 1.37 0
100 2.6 33 | -9.8 1.9 | I3 1.3 1.3 1.37 0

technology priority % chénge Vs. thermal pollution % change

Lo aNw s

'
[\V]

technology priority % gain

j @ natu.gas
5 |3 nuclear "
5 = oil ﬂrgd »
7 solar thermal
-8 | | O coal fired
-9

-10 &

thermal pollution % (0,10,20,40,60&100)

Graph (5.8) The thermal pollution change and effect on different technolo gies priority.
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Table (5.8) and graph (5.8) show that the highest technology pﬁority percentage change
is the wind power technology and the second power technology is the hydropower.
technology when the thermal pollution varies up to 100%. |

The rest of the criteria varying heve no signiﬁcant effect on the final output decision ‘

. whatsoever.

5.7 Conclusions on results and sensitivity a'nalysis
After the data is analysed using the AHP (Analytic Hierarchy Process) software. to
| reach the decision and vthe goal of this research work. The goal is to select appropriate
power generation technology of generating electricity for developing countries. The
second part is cOnduct.ing the _sensitivity analysi_s of this decision.

Nine different power generation technologies have been included in this study they are
hydropower technology, wind power technology, solar photovoltaic power technology,
geothermal power technology, natural gas technologv, nuclear power technology, oil
fired power technolog‘y, solar thermal power technology étnd coal fired power
technology. |

Using the AHP software, the results were obtained as illustrated in table (5.1) and graph
61, |

It is very clear that Arenevvable' altern.ative technologies which have the lowest effect on
the environment thet in'ean_s less polhiting the environment and do not need any fuel to
- operate are the most significant technologies with respect to the goal which make them
the best power generation technologies to build and nse to. generate electrical power tor

developing countries.
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The second part of the conclusion is the sensiti\'/ity analysis and varying the input sub-
critori.a and seeing their effect on the decision‘ and from the tables and the graphs, some
resﬁlts were obtained.

From table (5.1) and graph (5.1.), it can be. seen and concluded that the coal fired
| technology has the highest priofity gain wheﬁ fhe capital cost isv varied from -10, 0, 10,
~ 20, 30 and 40%. The second signiﬁoant is the solar thermal technology has the second
priority gain when the capital cost is changed. |
From table (5.2) and graph _(5.2); it oan be seen and ooncluded that when the fuel cost is
- under sensitivity analysed that the priority percentage of the geothermal technology has
the highest significant gain. Aod the second: significant pﬁodty percentage teohnology.
gain is the Wind powér technology. | |
From table (5.3) and graph (5.3), it can Be seen and concluded that when the operation
and maiﬁtonance cost is,vaﬁed the highest significant technology priority gaiﬁ is the
natural gas electrical geoerating technology. The second significant technology priority
gain is fhe oil fired electrical generating technology. '

From table (5.4.) and graph (5.4), it cén be seen and ooncluded when the global warming
criterioo 1s varied that the geothermal po§ver generation. teohnology has the highest
priority percentage gain. The socond priority percehtage gain is the coal fired and the
third priority percentage gain is the solar thermal power technolo gy.

From jcable (5.5) and graph (5.5), it can be seeh and conoluded, when the air pollution is

: \}aried that the sensitivity analysis shows that the possible change from -10 to 30 %
results that the highest téchnology priority percentage gain is the solar photo voltaic.
From Atable (5.6) and graph (5.6), it can be seen and concluded that wﬁen the thermal

‘pollution criterion is varied, the highest technology priority percentage change is the
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wind power technology and the second power technblogy is the hydropower technolo gy
when the thermal pollution varies up to 100%.
The rest of criteria have no éffect when Varied on the output hard_k technology selection

power generation technologies.
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CHAPTER SIX
TECHNOLOGY INDICATORS, SOFT
~ TECHNOLOGY IDENTIFICATION
AND INTEGRATION OF )
~ TECHNOLOGIES FOR POWER

'GENERATION



6.1 Introduction
Literature oi1 "soft technologies” is limited, particularly in power gen‘eration. Therefore,
the internationally accepted iridicators were lddked up to identify Criticai soft
technologies applied to power generation.

This. chapter is divided into two main parts. The first p'art is focused on.intemationallyl
_ aci:epted technolcigy indicators.” The second part of it is co'nceméd with the
identification of relevant soft techno'logies in power generation. The limitations of the
hard technologies for power generation are determined. And.also the _sOfi technologies
matrix is included related to the hard technology options. Finally in the chapter, the

integration process between hard and soft technologies is explained in details.

6.2 Techndlogy indicators

Indicatbrs can i)rovide ci'ucial guidancé for décision_-niaking in a variety of ways. They
. can translate physicalv and social science knowledge .ir‘1t0 manageable units of
information that can facilitate the decision making-process. kThey can help to measure
and calibrate progresé iowards sustainaBle development goéis: They can provide an
-e‘grly iNarning, éoundi_ng the alarm in rtimev .to prevent ecbnorhic, social and
environmental damage. Theylére. also important t_obls' to corririiunicate ideas, thoughts
and valu'esibécause as one authority said, "We measure what we value, and value what
' we measure (United Nations, 2001).

Science and technology (S&T) indicators can also meas’ure' the technological
capabilities at a country level if they are based on actual statistical data that reﬂéct the
real life of the technological process.

The African Ministerial vConference on science and technology, November, 2003

regarding the new partnership for African development (NEPAD) endorsed the
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| .compilation of indlcators fol‘ scientific researeh, technologioal 'development and
innovation activities. It also stressed that it is priority for all African countries to have
: comprehensive national soience, techllology and innovation polieies with emphasis on
the development of effective National System of Innovation. The docurhent'draws on
the advice of the experts working group to provide a conceptual framework and guide
lines for developing indicators of scieﬁce’and technology. and innovation activities and .

the existence of related national policies.

6.3 Indicators (why)

An indicator is a statistic measure, such as gross domestic product (GDP), or population,
| or combination of statistics, such as GDP pep capita, which tells the pu‘b,licvand the
policy maker about the state‘of the economy and the soclety. Indicators can be used by
public to partlcipate,in public policy debate and policy makers can use them to support
the design and monitoring of eviderlce-based poliey.

African countries recognise the impoftance of 'science, technology and irlnoVation in
economic and social changes and sustainable deVelopment. These activities are also a
key to attaining the goals of the New Partnelshlp for African Development (l\IEPAD),
and the Unitedl Nations Millennium Development Goals (MDGs).

For African countries there is also a need to develop African science and technology
industrial indicators (ASTII) to support monitoring and benchmarking the state of the

' 1nnovat1on system.

6.4 Indicators used for the following reasons

Indicators are important to show the image and the state of the country among others

and here are some good reasons and explanations what indicators can do.
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6.4.1 Monitoring present and pasf

Government and civil society need indicators to understand the.state of the system, to
support the development of evidence-based bolicy, and the public policy debate which
is impqrtant fof policy research institutes, universitiés and ihdﬁstry. Here are some
examples:

'The ratio between gross domestic expenditure on R&D énd the gross domestic product
ofa country, the number of imiversity, graduates in science and engineering, the value of
imports of capital equipment. |

Indicators in general describe the present state of the system, or as close as indicators :
can come to doing that, and permit the comparison with the past. The pﬁncipal
requirem'ent‘for an indicat_or used for fnonitoring is that it has to be cémparable over

time.

6.4.2 Benchmarking preSent and future

The same indicators used for monitoring can bé used for benchmarking. 'fhe difference.
is that théy are‘cc')mparcd with target values of tﬁe ihdicators for some other system, or
for some future time. | | |

Th¢ indicators support debate on how to move from the present state of the indicator to
the desired target. The debate may point to the need for additional indicators that
i]luﬁlinate the paths to be followéd. |

An exam‘ple is the Lagos target of a ratio of R&D spending to GDP (gross domestic
product) of 1 % for African countries by 2008.

It becomes immediately evident that indicators of number of people engaged in research

at the present time are needed, to suggest how many will be required if the target is to
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be achieved. Sometimes the target may not be achieved, but functioning of the system

may have been improved. This is an important issue of any benchmarking exercise.

6.4.3 Foresight pre"s.e'nt and future

’ Foiesight is a processv focused on a technology or a set of practices. It iii\iolves
participants expert in the siibj ect whokmeet to discern, based on their expert knowledge,
the future trajectories of the subject and the interyentions which might improi/é its
development.

One e)ia'rnple is the future of 'voice over intiernet protécol' (VOIP) as it could provide
inexpensive telecommunications worldwide.

~ The relevaht indicator Wbuld bé the penetratioh of the use of 't_he internet by bu_siriess
and by the individuals.

~ These are core indicators in the World Summit of fhé Information Society (WSIS, 2005).

_6._4.4;Evaluati0'n preselit and past

‘Evaluation tends to be project baseci and answers quesiions about whether the objects
', were achieved or are being 'achic:vgd, and if so, whether this is being done in the most
efficient zind effective m:anner. These indicatoié migiit be compaiéd agaihst national or

regional indicators to situate the project within an existing community of practice;

6.5 .Impo'rtant indicators to S&T | |

1- Gross Domestic Product (GDP) per capita,

It is obtained by dividing annual (ir period GDP at current market prices by population,
a variation of the indicator could be the growth of real GDP per capita.

- 2- Net Investment share in gross domestic product, .
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This  indicaior measures the net share of investment in relation to total p;oduction.f Itis
obtained by dividing gross production cal;ita fbrmation by GDP, Both at purchase-rs; )
pﬁceé. . | |
3- Share of Manufacturing Value—added in Gross Dorﬁestic Product (MVA).

This indicator measures the contribution of manufﬁcturing sector in totali productioﬁ. It
is obtained by dividing.the value added iﬁ manufacturing by the total gr,o-ss value-added
to GDP at bésic producers prices. | '.
4-F qrei gn Direct Investment (FDI)

It is defined as the value of net flows of foréign direct investment.

5- Share of Manufactured Goods in total Merchandise Exports
- Tllis indicator is vdeﬁned -as the perééntagé share of manuf.ac'tUred’ gobds in 'total
merchandise exports.

6—. Technical Cooperation Grants
| The indicator représehté technology transferred through-non commercial sources.
- 7- Shérel of Consumption of Renewable Energy Resources,
~This indicator measures the proportion of enefgy mix Between renewable and non-
renewable energy. |

8- Proven Fossil Fuel 'E.nergy Resources

The purpose o.f the indicator is to measure availability of fossil fuel cnerg.y resources.

9- Lifetime of Provén Ener.gvaesourpes |

Itis khéwn as the production lifé index, the ratio of fhe energy reserves remaining at the |
end of any year to production of energy in fhat year. |

10- Intensity of Material Use,

The intensity of méterial use provides a good indication of long-terms trends in

changing consumption patterns of the key non-fuel, non-renewable natural materials.
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11- Scientific and Edpéational Institutions,.

Organisations teach science and enéineering knowledge.

12- R&D Institutions, |

~ Organisations conduct the R&D activities in diffarent sectors.

13- Scientific and Networking Organisatians |

| The. purpose is to link individual scientist to others and }to 'theif socio;econoniic ,
environment. |
14- Human Development Index (HDI)

This indicator aggregates three measures that are; life expectancy, education, and GDP
together.

15- Literacy Rate (%), the ability to read and write.

16- Population Size, the human inhabitants of a given country.

17- Technical Enrolment Index |

The number af student enrolled in the science, maths and engineéring in the universities
and educational institutes. |

| 18- Number of Researches, represents the number of researchers wdrking in engineerihg,
science and industﬁal sectors.

19- The Quality of Higher Education

- This iﬁdicator can sho'w the country's higher educational systém and the alhount of
research production and 'bubiicationsl ralated to technical promotion and industrial
innovatidn. | |

20- Number of Scientific Publications

As an output indicator for S&T fo show the performance of the output indicator and

measured by the number of publications in the science and technology field (country
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self publications, joinet publications and publications with cooperation with foreign

institutes). '

6.6 Compositioﬁ of Indexes

There are some composite indexes measuring téchnological cépabilities and these are as
folloWsz ' | | |

A- The World Economic Forum Technology Index (WEF)

B- United Nations Dévelopment Program (UNDP), Technology Achievement Index
(TAD).

~ C- Archibugi and Coco (ArCo).

D- United Nations Industrial Development Orgz_misation (UNIDO) and Industﬁal | ‘
Development Scoreboard.

| E- The Scienée and Technology Capacity Index (RAND).-

6.6.1 The WEF tecl.m.ology .index |

Includes three main categories of technology:

a- Innovation capacity (measufed by a combination of: pétents granted | at USPTO,
tertiary ‘enrolment ratio, and survey data); |

b- ICT diffusion (measured by Intémet, teleph_One, PCs, and survey data); and

c- Technology transfer (méasured by non-primary exports and survey data).

6.6.2 The UNDP technology achievement index

There are four dimensions of technology achievement considered, each of which is base
on two indicators;

a- Creation of technology ( based on patents registration at their national offices).
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b- Diffusion of 'newest technologies (based on Internet hosts, medium-and high
’iechnology exports).

c- Diffusion of oldest techﬁplogies (based on teléphone mainlines and electricity
consumption).

d- Human skills (based on year's'of schooling and tertiary science education).

6.6.3 The technologiéal capabilities index (ArCo)

This index take‘s three dimensions of technology into account:

a- Innovative cépacity (baséd on paterits régiétered at US pa‘ient office and scientific
publii:ations); ' | | |

b- Technology infrastructure (including old and new ones based on intemet,vtéleph‘one
mainlines and mobile, and electriéity.consumpfion) ; |

¢- Human capital (based on scientific tertiary enrolrn‘ent, years of schooling' and literaqy
rate). |

Another indicator or component may be added namely;

-d- Impovrtant téchnology (based on .the possibility of a country to access techiiology :
developed elsewhere). This indé)i considers thriee other indicatoré namely:
I- Inwaid foreign direct investment (FDI);

2- Technology licensing payment and import of capital goods.

6.6.4 The industrial development scoreboard (UNIDO)

This index considers four categories:
a- Technological effort (based on patents at the US patent office and enterprise financed

R&D);
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b- Competitive industrial performance (based on manufactured Valﬁa added (MVA)),
medium and high;technology share in MVA, manufactured expor}ts, and medium and
high-technology share in exports); |

c- Technology imports (based on FDI, foreign vroy'altiés payment, and capital goods);
and | | |

d- Skills and infrastructures (based on tertiary fechnical énrolment and telephone

mainlines).

6.6.5 Science and technOlbgy capacity index (STCI)

Three categories ére used in this' indicator:

a- Enabling factors (based on GDP and tertiary sciehce enrolment);

b- Resources (based on R&D éxpen_diture, number of institutions and the numbefof
scientists and engi.neers).

c- Enabling knowledge (base on patenté, S&T publidations ahd co-authored scientific

and technical papers).

6.7 Selection of important indicators

These indicators are the mést recognised as important indicators for a-country. These_:
also represent the economic situation, foreign investment, R&D state, human
development index, diffusion of ICT anci'some other impdrtant indicators.

Table 6.1, presénfs the important indicators recognised by ‘some international
organi_sation such as United Nations Industrial Developnﬁént Organisation, United
Nations Development Programs, World Bank, International Monetary Fund, World
. Economic Fofum Technology Index and United Nations Univeréity. Also, these

indicators are recommended by some publications.
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Table 6.1 The most important indicators recognised by ,io_.._gmﬁo:m,_ oﬁmmsmmm:o:m

0583 list of indicators

Used by

International

Organisations

Literature %:m:omao:&

.JUNIDO

UNDP

wB

IMF

WEF

Lall., 2003

DA,AC.,2004

Unu.2006°

GDP

X

Samia&Nour,2005

X

Investment share in GDP

X

Manufacturing value added (MVA) in GDP

Forign direct investment FDI

Share of manufacturing in total exports

X[ X[ X

R&D Institutes, & Universities -

Scintific Network organisations

HDI _

X[ X XX XXX XX

Literacy rate (%)

Tertiary technical enrolment ratio

X X[ XXX

Quality of High education

Number of scientifc publications

|||

X[>] >

R&D expenditure

Scientists & engineers in R&D

XXX

x| X

H. &mediume technology exports (%) manuf. exports

| ><|

x|

Diffusion of ICT
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Table 6.2 The international technology leaders and indicators values

_._.mo::o_omv\‘ ._mmmmqm
4on:=o_o.m< creation Diff. recent innovation - | Diff. old innovation Human skill
. . . . . . . tertiart
corssont | T | otz | g | PSS | | S| s | e | | e
Finland 209.45 | 0.7 ] 0.947 187 125.6 200.2 50.7 1203 14129 10 27.4
USA 13201.82( 0.7 | 0.948 289 130 179.1 66.2 993 11832 12 13.9
Swedon 384.93 | 0.7 ] 0.951 271 \_mm.m 125.8 59.7 . 1247 13955 . 114 15.3
Japan 4340.13 | 0.7 | 0.949 994 64.6 49 80.8 1007 7322 9.5 10
Korea,rep. | 888.02 | 0.7 | 0.912 779 9.8 4.8 66.7 - 938 4497 10.8 23.3
Netherland | 657.59 | 0.6 | 0.947 189 151.2 136 50.9 1042 5908 9.4 9.5
UK 2345.02 | 0.6 | 0.94 82 134 57.4 61.9 1037 5327 9.4 14.9
Canada 125146 | 0.6 | 0.95 31 38.6 108 48.7 881 15071 11.6 14.2
Austratia- | 768.18 | 0.6 | 0.957 75 - 18.6 125.9 16.2 862 8717 10.9 25.3
Singapor 132.16 | 0.6 | 0.916 8 ‘ 25.5 72.3 74.9 901 6771 7.1 24.2
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Table 6.3 The potential leaders and indicators values

Technology potential leaders _
Technology creation Diff. recent innovation Diff. old innovation Human skill
recipent of , H.M tertiart
, HDI1.200 roy.us$/100 intent tech.exprt | telephone | electricity mean science
GDP,us$hill| TAl 4 patent/mill 0 host/1000 % . main/1000| Kwh/cap | yrs.school | enrol %
Spain 1224 0.5] 0.938 42 8.6 21 53.4 730 4195 - 7.3 15.6
Italy 18447 |1 0.5| 0.94 13 9.8 - 30.4 51 991 4431 7.2 13
Cech.rep 141.8 | 0.5] 0.885 28 4.2 25.4 51.7 560 4748 9.5 8.2
Hungary 114.3 | 0.5 . 26 6.2 21.6 63.5 533 . 2888 9.1 7.7
Slovenia 37.3 0.5] 0.9 105 4 20.3 49.5 - 687 5096 7.1 10.6
|Hongkong | 189.8 | 0.5] 0.927 6 " ' 33.6 33.6 1212 5244 9.4 9.8
Slovakia 5497 |04 , 24 2.7 10.2 48.7 - 478 3899 9.3 9.5
‘|Greece 24492 .10.4| 0.921 (..) --0.01 16.4 17.9 839 3739 8.7 17.2
Malaysia 150.9 (0.4{0805| " 0 2.4 67.4 340 . 2554 6.8 3.3
Mexico 839.2 |[0.4] 0.821 1 0.4 9.2 66.3 192 1513 7.2 5
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Table 6.4 The .mmo::o.omv\ dynamic adopters countries and their indicators values

Technology dynamic adopters | ]
Technology creation Diff. recent innovation Diff. old innovation Human skill

. recipents of HM | , tertiary

. : roy.us$/100 | internet | tech.exprt | telephone | electricity mean science

Country [GDP,us$billl TAI | HDI.2004 { patent/mill o host/1000 % main/1000 | Kwh/cap | yrs.schol enrol%
South Africa 255.2 0.34 | 0.653 " 1.7 8.4 30.2 270 3832 6.1 3.4
Thailand 206.2 |0.337| 0.784 1 0.3 1.6 48.9 124 1345 6.5 4.6
Thrindad & Tof ~ 19.3 0.328 | 0.809 " -0 7.7 14.2 246 3478 7.8 3.3
Panama 17.1 0.321] 0.809 " 0 1.9 5.1 251 1211 8.6. 8.5
Brazil 1067.7 | 0.311| 0.792 2 0.8 7.2 32.9 238 1793 4.9 3.4
Philippines 116.3 0.3 0.763 (..) 0.1 0.4 32.8 77 451 8.2 5.2
China 2630 ]0.299| 0.768 1 0.1 0.1 39 120 746 6.4 3.2
Colombia 1356.8 [0.274| 0.79 1 0.2 1.9 13.7 236 866 5.3 5.2
Egypt 107.5 10.236{ 0.702 (..) 0.7 0.1 8.8 77 861 5.5 2.9
Indonesia . 3645 0211 0.711 0.211 " 0.2 17.9 40 320 5 3.1
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Table 6.5 The international technology marginalised countries and indicators values

Technology marginalised

1

Technology creation Diff. qmow:” innovation Diff. old innovation Human skill
. torti

: recipents of internet “H.M tech. telephone: electricity ~ mean mMm_MW\w

Country |GDP,us$bill| TAI | HDL2004 | patent/mill | roy.us$/1000 ‘| host/1000 exprt % main/1000 Kwh/cap yrs.schol enrol%
zmom:&:m. 5.4 0.2 ] 0.693 " " 0.4 3.6 39 281 4.6 3.8
Pakistan 128.99 | 0.2 | 0.539 " (..) 0.1 7.9 24 - 337 3.9 1.4
Senegal 894 |02 046 " 0.01 0.2 28.5 27 111 2.6 0.5
Ghana 122 10110532 (.) I () 4.1 12 289 3.9 0.4
Kenya 21.2 [01]0491] () () 0.2 7.2 11 129 4.2 0.3
Nepal 8.1 0.1] 0.526 " 0 0.1 1.9 12 47 2.4 0.7
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Tahle 6.6 The poor technology countries (others) and indicators values
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| Technology (Others)
Technology creation UE. recent innovation Diff. old innovation Human skill
- . ) tertiary
recipents of interrnet H.M tech.exprt} telephone ~ electricity - mean -science enrol
Country GDP,us$bill TAl | HDL.2004 | patent/mill | roy.us$/1000 host/1000 % main/1000 Kwh/cap yrs.schol %
Bangladesh 61.96 " ].0.53 (.) () 0 2.9 5 81 2.6 "
|Botswana 10.3 ! 0.57 1 ! 2.7 0 150 " 6.3 1.6
Denmark 275.2 " 10.943 52 " 114.3 41 1179 6033 9.7 10.1
Jordan 14.2 " 0.76 " " 0.2 " 105 1205 6.9 "
Libya 50.3 " 10.789 " B () 1.8 | 3677 " I
Saudi Arabia 309.8 " 0.777 " (.) 0.3 5.2 170 4692 " 2.8




6.8 Comments on technology indicators

~ The first tabie 6.1 shows the most important accepted indicators fecognised by some
international organisations. | | |
These International organisations are UNIDO, UNDP, WB, IMF and WEF. The
organisation reco_gnise some irdpoﬁant indicators such as GDP,V investment share in
GDP, vmanufacturing value added (MVA) in GDI", foreigﬁ 'direct .inve'stment (FDI),
share of' manufactuﬁng in total exports, R&D institutes and universities, scientific .
network organisations, human development index -(HDI); literacy rate (%), quality of
high education, tertiary technical enrolment ratio, nuﬁlber of scientific publications,
R&D expenditure, scientists and engineers in R&D, high and medium technology
_exports (%) and diffusion of ICT.. These indicators are agreed by some others iheluding
vpublishers (Lall, 2003), (DA AC, 2004) and (United Nations‘ University, 2006).-

Tables 6.2, 6.3, 6.4, 6.5 and 6. 6 represent the 1nd1cators of different countries and thelr
classifications that is leaders potential leaders, dynamic adopters marginalised of

technology and others countries respectively.
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6.9 Introduction to soft technology

As tradit'iona‘lly understood, 'technology' describes an operable knowledge system that
is mainly derived frorﬁ the knowledgé_ of natural science. Here, this is referred to as
'hard technology', namely, _thé skills, tools and rules that are employed by humans to
alter, éccommodate (human can only accorﬁmodate nature, not control it) and manage
nature for human survival and developmgnt.

Operéble knowledge system‘ derived from social sciénces,rnc‘)n-natural sciences aﬁd non-
scientific (traditional) knowledge aimed at is‘olving various practical problems also
beiong.to the category of 'technology'. This class of technology is rgfe%réd to here as
'soft technology'. Soft technology comes about through the conscious use of common
laws or experiences in ecohomics, social and humanisﬁc activities; soft technology theh
shapes the rules, mechanisms, ﬁleans, institutions, 'methods and procedures that
contribute to the improvement, adaptation or control of the subjectix;e and objective
world (Zhéuying, 2001). -

Therefore, in general, - technology is co’mpoSed of _ha_rd and soft technology. As
economies develop and as technology cHanges, the boundary between hard and soft
technoiogy blurs. However, in. genefal, we can say that hard technélogy is manifested
mainly through rhaterial forms, while soft téchnology iAs manifested mainly through.
‘human psychology and behavibuf. 'Hverc, 'har'd' refers tb the physical entities through
- which opgrations are conductéd. ‘Soft' reférs to entities without physical form. In otherv
words, "hard' refers to tangible phenomena, While "soft' refers to intangible phenomena

(Zhouying, 2004). .

- Soft technology must, by definition, exhibit two general sets of characteristics: it must

be technological and it must be soft.
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From the vantage of its technological characterisﬁcs, the following can be said about
soft teciniology:

a- It should be an operable knowledge syétem of tools, i)rocedures and mleé for. the
" solution of probléms.

b- it should be.directed towards practices for 'providing 'services' for social change and

~ economic development.

From the vantage point of 1ts soﬂﬁess characteristics, the following can be said aboutv
soft technoidgy: |

’1- Its operating fields include the process of human psychology and human social
| activity systems. The latter comprises thosé human Eehaviours controlled by and
: embbdying human i)sychological acﬁvities related to percebtions, emotions and va_lues! .
The §arious,psybhological, social and cultﬁral factors are. therefore the distillguiéhiﬁg

parameters of soft technology.

'2~ The way in which soft techhology providé's service, besides tangible products, is

mostly through intangible‘modes such as servicesv, pfocedurés, rules and institutions.

3- The meaning, functidns and'characteristics of soft technolégies can be presented,
formed, modified and exi)ressed in Ways that accomquate distinctive features of

psychological activities and social environments in which they operate. - |

4- Soft technolégy can also affect our 1evel of undérstanding the subjective and

objective world around us.

Iﬁ short, s‘oft fechnology is the intellectual technology Qf creation and innovation ;
centred in humaﬁ thought, ideology, emdtion, values, world views, individual and

_organizational behaviours, as well as in human society.
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Table 6.7 Thedifferences between hard and soft technolo gies (Zhouying, 2005)

Standard Hard technology | Soft technology

1 Sources knowledge of natural | knowledge of non-natural science and non
science traditional science -

2 operational object | substance human psychological  action and social

, behaviour

3 operational field physical world spiritual world :

4 operational goal to change and confrol | to master, orchestrate and manage lhuman
the nature and | ideology, emotion, thinking mode, values as
substance of material well as the behaviour ‘mode of individuals,

» groups and organizations
5 carrier tangible substance - intangible human factors
6 technological physical factors . psychological, social and cultural factors
‘parameter ) ’
7 meaning of human influence of extrinsic | 1-influence  of  extrinsic  behaviour-the
factors behaviour performance of psychological action. 2-
: influence of extrinsic. behaviour, viz,,
psychological action such as feeling, sensation,
emotion, ideology, culture, value view, world
view, tradition, individuality, etc.
8 position of human an organism; in the | a life that contains consciousness, sensation
body final  analysis, a | and spiritual dimensions. :
substance and cellular
combination :
9 source of | new inventions and | result of human's notions, life styles values
" innovation discoveries and points of view
10 characteristic = of | not  necessary to | need a creative new system to displace old
‘ innovation -destroy and can coexist | broken system
L with old system
11 process of | materials-processing dreams / originality _ forms systems / modes /
innovation products; product | methodology _exercise / regulations; design
design, manufacturing | system and methodology _ run / implement _
and marketing cultivate the process from which the new
‘ institution grows _ displace the old system _
_ create and build new system
12 relationship  with | institutions are the { institutions are the innovational environment of
institutions environment of hard | soft technology, on the - contrary, soft-
technology innovation | technology innovation is the content and basic
: and creation - of the new institutional innovation
i3 whole and part from part to whole from whole to part ,
14 subjective purpose | independent of human | involves subjectivity; can be moulded,
: will; no subjectivity developed and affected by humans intellect,
. thinking modes and behaviours _

15 ‘mode of resolving | products and services processes, rules, institutions, products and

‘ problems . : services

16 ontology neutral dualistic

17 standardization tends towards | involves strong 1nd1v1dua1ity and is difficult to
standardization standardize :

18 regional features region-neutral regionally specific
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6.10 Characteristics of soft technolorgy

Hafd technolbgies and soft technologies, since they are both teéhnologies, have many
’ at_tﬁbutes in common. From the perspéctive of ‘th}eir intrinsic }nz.lturve.as tecﬁnology, they
both exhibit the folloWing fea.tures: '

.1- They take the ’formbof means, skills, tbol, rules, mechémsms, methodologi‘es or
‘processes for the solution of problems. N

2- They are intended to provide 'service' for social progress and economic development.

, However, as it can be seen ﬁorn the above table, when compared with hard techhology,
' soft technolo gy is comﬁletély ﬂew technological paradi gm
In general, >so.ft _téchnology contains the _fpllo’wing characteristics when compared with
hard technology:
1.- Soft ‘technology exhibits a closer relationship wifh humanity and culture. ‘Soft‘
‘technology takes the ‘intérnal psychological activities and the external behavioﬁrs of
human beings as its operational object and its ;:ontent and '1evels are determined by its
focus on the ways of thinking and action modes fof human beingé. Its application and
popularization are directly related to local rﬂorality for particular times, cultural
béckgrounds, habits and knowledge levels, etc. Therefore, soft technology is a
technology contains human thoughts, viewpoiﬁts and strong individuality and it controls
the direction of hard techndlo gy apialiéation.
2- Soft fechnoldgy embociiés d»istinct‘ive concepts of humanity and hunian factors. The
‘concﬁ:ept of man is"different iﬂ ’soft tec‘hnology.from hard technology where the objéct 1s
'outside the human body'. Although the human body is the operational object in western |
medical science ‘and.life science, it is treated as Aa 'physical’ object or a c§_mp1exity of

cells and can be duplicated and cloned in the scientific sense; whereas in soft
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technology, the hum‘an'body is regarded as an orgénic whole with‘ consciousness,
feelings, thoﬁgh’_ts and Qalues, o

3- Soft te}chnology is mofed ih the spirituél world. The so-célled spviritual' World inc‘ludés
the "abstra‘ct world (th_é’object that is conceptualised through tho}se‘actions process'ed in
the immangnt consciousness), the visual world (the reappearance of images of events
thfough the memory and the mind's eyé) and the presentational world (the reﬂéction of
sensory experience, emotion/mood and actién, e.g., hea_rtac‘;he,. dread, enjoymént, etc.)
Whe’réas abstract thinking operates concepts, visual thinking opérat_ed ifnages and
presentatiopal thinking operates the consciousness itself.

4- Soft teclz‘hnologyvi»s not neutral. Soft £echhology-is fundamentally dualistic. Thj:
dualism of séft technology stéms from its dualistic .ﬁmctions, in that.itbsimultaneously
m'anifésts both productive forces and the relations of production. o

>5- Soft technology is resistént td standardisation. The fact thét soﬁ technplogy embodies
- psychological, social and cultural factors _c_reétes s{everpbstacles to its standardisation.
On the other hénd, soft technblogy inéludes expliéifand tactic teéhnol()gies. The fvo_rmer‘
can be presentéd by Wofds, data, standardised brocedqr_es and general principles th.at are
disseminated and shared by way of books, lectures an»d_traininAg; whereas the latter,
which includés thinking technology aﬁd LPFE technology, canﬁot be properly presented
~ in the form of written documents and formal languages. |

6f Soft technology has imprecise boundaries. Sincerall sbft fechnol_ogies' are closely
related to hu:ﬁan factors, the boundaries betweeﬁ sc'ience‘and technology, technology
~ and associated knowledge and different types of soft technologies are very va’gﬁe and

each influences infiltrates the other.
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7- Innovation in soft technology has distinctive causes. The: reason for the obsolescence
of hard technologies is usually the emergenoe of nevif - normally superior - inventions to
réplaoe the old technology.
Innovation in soft technology is differentiated by the fact that it is more strongly
limited by relevant institutions, systems, laws, regulations and policies bthan is
innovation in hard technology.
8- Soft technologies have to be combined or integrated in practice. The implementation'
and success of soft technology requires a comprehensive and holistic approach to its
application. The primary criterion for judging the success of the commercialization and
-industr‘ialisation of hnrd tochnologies is whether they integrate well with contintlously,
advancing soft technologies. On the other hand, soft technology will only success if it is
combined comprehonsively with other relevant soft technologies, modified accoiding'to_
"dif'ferent .conditions of local geographic and sooial-political circumstances and
according to the demands that stem from ostensible design goals. Similarly, integration
of with continuously advancing hard technologies is necessaiy for the promotion of
soﬁ;teoh innovation and toi ensure higher quality soft technology. ’ |
9- The rélationship between soft technology and institutions is close. The dualism of
soft technology means that it is, by nature, entwined and infused with institutiOns. In the
case of hard .technology, institutions are part of the environment and conditions fborv
innovation. In the case. of soft technology, however,‘ institutions are not only part of the
environment of .technologicbal innovation. Soft technology itself forms the foundation
anci content of innovation.in relevant institutions, systems, law, rogulations and policies.
10- Soft technology requires special talents. Hard technology requires specialists in
particular technical fields but soft technology requires people with talents derived from

interdisciplinary and cross-sector knowledge and experience.
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6.11 Soft science in Japan
“With continuous high speed development of _its economy since World War II, Japan is
now facing many of the social tensions and problems that are now comﬁon in western
countries. Americans are using terms such as 'intelligence technoio gy' and 'policy
science"‘ in their research; hqwever Japan instead invented the concept of 'soft science'
- and has conducted centfalised research on social problems within the framework of soft
science.
The.Solft_ Science Sefninar set up by the Planning Bureau of »the Science and‘ Technology'
Agency (STA) in 1970 is the starﬁng point for the development of soft science in J apan.
The seminar's report pointé out that the 'research ij ective of soft scilencé is not lilhited,
| to natural bhenomena and technology and it includes activities pertaining to thé human
race, social affairs ahd knowledge. After the 1971, Soft Science Seminar (STA) the
'In‘stitute of Futu’re Technology was entfusted to. conduct specialised research (1971-3)
on 'the science and tgchﬁology policy and the research and devélopment systenﬁ of
J apanese characteristics'.
Researchers travelled to United States from the Institute of Future Technolo gy to
investigate the research on social problems. As a ré;sult, the Institute published a series
of. research reports, entitled Basic; Design of Japane;e Type Science and Technology
Development System, pointing out that soft science is the new trend in science and
technology develdpment. If soft science is not properly deveioped in the near future, the
" gap between Japan and the United States in soft science will result in major social
problems. The Institute's reports also étres_sed the urgency of developing soft science in
- Japan. Firstly, it urged tha.th apan needed a differgnt and more compfehensive scientific
method if it wants to solve the 'compléx social problerhs assbciated with the

environment, energy, regions, cities and transportation; secondly, it showed that
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developed industrial éountries. Iiad already. conducted research, development 'and_ '
applipation in this field; and thirdly, it cqncluded that 60% of ehterprisés in]J apan had
alréady applied methods that could be considered soft science in these ﬁéids but that the
gap between J apari and the advanced countries such as the United States was still laige.
After this report was carefully examined by some high—leifel experts ‘from all fields, it A
was reqﬁired to conduct centralised research on the ci)néept of soft science, its necessity,
its characteristicé and the fields requiring research and basic knowledge from the
vantage point of soft science. |

The primary characteristics of soft science were considered to be that:

1- The research objectives are not the only natural phenomena (the traditional 6bj ective
of science and technology) but also issues that contéined human and ‘social factois;

- 2- That undérstanding the above issﬁes' froin a systematic vi_ewpoiiit and putting the '
~ emphasis on research on soft intelligence technolo giés, could help solve reél problems;
3- Soft science organiéally combines ,‘ a wiiie range of fields of knowletige ‘and
systematically synthesizes theories.and methods that can contribute to the solving of

différent pioblems; and |
4- The basis» and background of the discipline is information science, systems

~ engineering, management science, behaviour science and social science.

The classification of soﬁ science provided in the report Basic Désign of Japanese Type
Science and TeChnongy Development System reflects the understanding ‘of soft science
that eventually dbminated J a;ianesé academic circles. The ten categories proposed in thé
. report_ were: 'general' soft science, infoi'métion soﬁ science, energy soft science,

material soft science, system soft science, environment soft science, behaviour soft
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science, policy soft écience, life soft sci"ence and others. Here are some explanations of
_ séme soft sciences, -

* Energy soft science conduct research on energy in four areas: energy of earth, biolo gy,
technblogy'and society.-

* Sys_tem soft science includes the research, design and applicatidn of the sYstems.

F Envirdnment soft science_ divides the énvironment into physical, technological,
economic and social environments.

* Life soft science rnainiy addresses' the problems biélogical science, ecolo gicél science,

medicine and pharmacology, etc. -

6.12 Soft technologies for pbwei‘ generation
By éqnducting the literature review, reading some éase st‘udies> and consulting the
expéﬁs in the UK and in Libya. Important soft technologies have been identified which '
enabie 'thg power. generation hard technologies to work. The following are the soft |
o technplogies related to power generation sector: |
| 1- Communication and Coordination
Industry requireé apprépriate communication _and cbordination stra{égy to. ensure
different units within a grid Withr collectjvely.

- Internal (at cbﬁntry level),

- External (regional and neighbouring countries).
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2- Research and Development (R&D)
R & D activities will help to identify problems in power genefation sector and develop-
solutions to enhance the power genération technologies. This type of R&D activities can

include the private sector as well.

3- Health and Safety
This will maintain the pQwér plants safer places and jobsite, and all workers shovuld
become familiar with safety m‘anuals tb perform work as safe as poséible for human and
equipments (safety regulation must be very tighten especially whén dealing with nuclear
power gene‘fation technology). |
- Tt can ihcludé evécuation plans for employees and surrounding community in case of

' any emergency.

4- Information and Communication Technology (ICT)
‘Information should be flow freely, quickly, safely and privately inside pow.er plants,

nati_onal grids, ministry of energy and regulafory bodies. -

5- Corporate with National and International Bodies
National institutions should be linked to international organisations such as UNIDO,
UNDP and the International Energy Agency to the national and regional electricity

~ power genération grids.
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6- Employee Development Programs

Developing employee skills can be achieved by means of fraining related to type of |
technology. Universities can play a big role of condubting relative cburses. Developing
skills can be achie'véd in many ways s‘ﬁch}asl: |

- Intensive coﬁrses with the h.elp- of cdntractor in the field according to the hard
technology selection. | | |

- On-job training or learning by personal feeling (LPFE). -

7- Financial Resources

For building any power generation plants; a financial support and investment is a crucial
factor for developing country to guarantee the money before "Istarting to build any power
plants. | |

- Intérnational organisations such as World Bank (WB), Iﬁtematic;l.ial Monetary
Fﬁnding (IMF), United. Nations Industrial Development Organisation (UNIDO) and
United Natibns Devéloping Programs (UNDP).

- National funding systems (may Be governmental or private).

- Foreign Direct Investment (FDI) or joint venture programs.

8- National and International Regulatory Framework
| There is a great concern by power generation sector at national level to meet standards.
This demands an extra attention to power generation units. Some examples canbbe given.
- National licence and approvals,

- Operation permissions and,

- Environmental permission (periodically re-issued).
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9- Strategic and Operational Management
- Develop technical skills,
- Operation and maintenance,

- To maintain national fuel long-term reserve strategic plans.

10- Power Generation Watchdog v

For all sectors in a country, it is needed to have an external body to watch your activity
and provide an advice wherever it is needed. ‘ | |

- .Industrial competitiveness,

- Transparency (it is required to avoiding any problems that can effect plants operation).

- 6.13 Integration of hard and soft technologies for power generation
Hard technology déés not work alone and here comes the role of integration between
hard and soft technology is re'c.ommended. -

This part o_f work is a- continuation of the research to achiéve the goal of this study
which is the selection of the electrical powef generation technologies. In chapter five,
the hafd technology appropriates process was carried out using the AHP and these
results were illustrated with the sensitivity analysis ofv this selection and decision.
Secondly, in the first part of this chapter, -thé soft technologies afe identified relating to
the power- géneration sector. The teéhnology management tools recommend the
integration of hard and soft technblogies and thié process is carried out here. But there
are some limitétions which make the selection of the hard technology suitable for oné
developing country but unsuitable fof anofhe;. These limitations must be taken into

account when int_egraﬁng these hard and soft technologies.
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16.13.1 Hai‘d technologies priorities
In chaptef four, the hard technologies are identiﬁed and explained. Also, in chapter five, -
the appropriateness of each hard' technology Was ca.rriedv out. The following are the hard
technologies listed respectively; | |
1- Hydropoyver (I-ip) genere.tion technolo gy has the highest value of 19%,
2- Wind power (Wp) generation technology has the second highest value of 17.7%,
- 3- Solar Photovoltaio (Spv) generation technology has the third hi gheet value of 16.4%,
4- Geothermal (Gt) power generation technology has the fourth hi ghest -vailue 0f 10.4%,
5- Natural gas-fired (Ng) gene_ration te_chnology' has the fifth highest value of 7.7%, -
6- Nuclear (Np) power generation technology has the eixth highest value of 7.6%,
- 7- Oil-fired power (Op) generation technology has the seventh highest value of 7.5%,
8- Solar Thermal (St) poiver generation technology has the eighth highest Vaiue of 7.3%
and finally, » | | .

- 9-Coal-fired (Cp) power generation technology has lowest value of 6.4%.

6i13.2 Soft technologies for poWer generation

Here are the most _impoi‘tant soft technologies which inay support the power generation
hard teohnology selection; |

1- ACommunication_ and Coordination technolo gy,

2- Reeearch and Development (R&D),

3- Health and Safety,

, >4v- Information and Communication Technology (ICT),

5- Corporate with National and Interhational bodies and organisation (UNIDO, UNDP),
6- Employee Development Programs,

7- Financial Resources,
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8- National and International Regulatory Framework,
9- Strategic and OperaﬁonaI'Management,

10- Power Generation Watchdog.

6.13.3 Hard technologies limitations -
Each of the power genera-f[ibn hard technology has some limitations which makes it not
possible to be applied for all environments. The following shows the limitations and

barriers of each hard technology separately.

6.13.3.1 Hydropower limitations

- Amount of rainfall Qan'ﬁot be guaraﬁteed because it is é natural process outsidé the
human control. | |

- Geological risk, any hydropower pfojgct construction will face some geological
probleml To overcome the geological,problem, its“recofrimended to c'arry.out feasibility
study of the site. It is expensiv¢ but it is WOI’th. if the project to be succeésful.

- Head‘ height is very important factor in determining small hydropower economics with
higﬁer head sites. - | | |
- Volume of water available.

- Availab‘ility ‘o'f underground seismic activity (possibility of earthquake). Historical

records are the solution but ten years are not enough, forty years barely sufficient.
6._13.3.2‘Wind power limitations

- Require a largé area of land,

- Noise will disturb the surrounding habitants,
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- Wind turbines can causev electromagnetvic‘ interference. Can effect television reception
or microwave signals transmission,
- Turbulenge is léss offshore, af sea due to its smooth serx}ice.
- Problem of variability (can nbt maintain constant airflow),
- Animal life (animals will leave and flea thé region),

- Asthetics (people will be disturbed when seeing big wind turbines).

6.13.3.3 Solar photovoltaic limitations

- Win'ter supply is half of sumfner supply (variabiﬁty),

- High cost (twenty times more than ‘coali fired elecfriéity),
- Intermittent thus storage problem occurs,

- Sun shines during the day only.

6.13.3.4 Geothermal power limitations

- Reservoirs céntain a finite élilount of water and ene?gy,

- Wells can become depleted if over exploited (temperature and pressure decline),
; Difﬁpuit to gauge the sizé of reservoif,

- Temperafure below 150°C Will not be go»od‘and,

- Normally the brine is a corrosive liquid.

6.13.3.5 Natural gas-fired limitations
- High prices,
- Price fluctuations,

- Security of supply,

- Gas pipeline infrastructure and,
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- Noise of turbines.

(Breeze; 2005)

6.13.3.6 Nuclear power 1imitaﬁohs.
- Technical expérience experts,

‘A— Safety r»egulationvs,

- Nuclear waste disposal,
- Public opinion and,

- Dependency in foreign countries.

6.13.3.7 Oil-fired technology limitations

- Highly influenced by politics (example; Arab émbargo 1973-1974 and Iranian
revolution 1979), .

-i Price ﬂuc_fuation over time,

- High pollutant fuel.

6.13.3.8 Solar thermal technology limitations
- Confined to hot regions,
- Half the cost of PV without storage, '

- Requires expensive storage system.

6.13.3.9 Coal fired technology limitations

- High pollution thus state environmental restrictions,
- Big area required for coal storage and,

- Cost of transportations of coal. .
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6.14 Integration of hard and soft technologies
The integfatiqn process is carried out in two steps. -
6.14.1 Step one of Integration

| In this step, we establish which hard vtechnologies feasible, if so we decide to implement

the soft technology according to the level of impoi‘tancé.

v

Hp,Wp,Spv,Ge,Na,Nu,Oi,St,Co

‘No

Feasible

Soft Technologies

Integration of Feasible hard
technology with prioritised Soft
Technology

Fig. (6.1) The integration between hard and soft technologies |
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6.14.2 Step two of mtegratlon-Table 6.8 (soft technology matrix)

- Health & safety,
- Financial resources.

- Power generation watchdog.

Hard technology ngh priority soft Medium priority soft Low priority soft :
technology technology technology
Hydropower : - Communication & coordination, | -National and international - Information and
Technology - Meteorological information - regulatory framework - communication technology,
_ system, - Strategic and operational - Linking national and
- Employee development management, ' international bodies,
programs, --Power generation watchdog. | - Research and development
- Health & safety (R&D).
1 Wind power - Communication & coordination, | - National and international - Information and
Technology - Employee development regulatory framework, communication technology,
, programs, - Strategic and operational - Linking national and -
- Health & safety, management, international bodies,
| - Financial resources. - Power generation watchdog. | - Research and development
. . ' (R&D).
Solar - Communication & coordination, * | - National & international - Information and
photovoltaic - Employee development regulatory framework, communication,
Technology programs, - Strategic and operational - Linking national and
- Health & safety, management, international bodies,
- Financial resources. - Power generation watchdog. | - Research and development
‘ : : (R&D).
Geothermal - Communication & coordination, | - National & international - Information and
Technology - Employee development regulatory framework, communication,
‘ programs, . - Strategic and operational - - Linking national and
' ' - Health & safety, management, international bodies,
- Financial resources. - Power generation watchdog. | - Research and development
. . : : - | (R&D).
Natural gas - Communication & coordination, | - National & international - Information and
Technology - Employee development regulatory framework, communication, _
programs, ' - Strategic and operat10nal - Linking national and
- Health & safety, management, international bodies,
- Financial resources. - Power generation watchdog. | - Research and development
. (R&D).
Nuclear power - Health & safety, - National & international - Information and v
Technology - Employee development regulatory framework, communication technology,
programs, - Strategic and operational - Linking national and -
- Communication & coordmatlon, management, ‘| international bodies,
- Financial resources. - Power generation watchdog. | - Research and development
. : ' _ , ’ (R&D).
Oil fired - Employee development - National & international - Information and
Technology. programs, regulatory framework, communication,
- Communication & coordlnatlon , |- Strategic and operational - Linking national and
- Health & safety, management, international bodies,
- Financial resources. - Power generation watchdog. | - Research and development
L (R&D).
Solar thermal - Communication & coordination -National & international - Information and
Technology technology, regulatory framework, communication,
' - Employee development - Strategic and operational - Linking national and
programs, - : management, international bodies,
- Health & safety, - Power generation watchdog. | - Research and development
| - Financial resources. (R&D).
Coal fired - Employee development - National & international - Information and -
Technology. programs, regulatory framework, communication,
-- Communication & coordination, | - Management teams, - Linking national and

international bodies,
- Research and development
(R&D).
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6.15 The proposed conceptual framework
Fig. (6.1), represents the main elements of the proposed conceptual framework of the

technology management power generation in developing countries.

6.15.1 Implementation of framework

. Chapter ‘four' identifies all of different power géneratidh hard technologies and the
envifpnmental effect of | each"hard technoldgy separatel};. ’fhe vsiz'e of each hard
technology arouﬁd the world is presented_in't‘ables. The hard technology séleptién is

presented. The filtration of these hard techﬁologi_es is shown clel-arly with justifications.

.Some cﬁteria ;md suB-criteria identification is given.' In addition to this, real data
collected frorﬁ 1ite‘rature is listed in table 4.20. The model using the AHP is built and
shown in figure 4.1. And finally tﬁe Block diagram is draw as an output of the AHP

. modei. | | |
- Chapter five discussés the implementatipn of the model built in chapter four using the
AHP and ﬁsing the real data collected. The results of the modél are presented in section -
5.3. In this chapfer the hard fechnologieé for power generation séiecfion is worked out
zind shown by figure 5.1 Then the sen_sitjirity analysis is carried out giving explanatiorié
for varying the cv:rit>er-i;1‘ and sub-critefié and cheqkihg -théif impact on the final éelection
~ of the pdwer generation tecﬁno]ogy. These sensitivity analysis re_éults are presented»in
tables in chapter five and how the‘ yselectio_n of the hard technologies is effected by
varyihg the criteria. | ‘

Chapter six presents the impleméntation of the soft technologies selectiqnand the

integration of soft and hard technologies for the power genefation‘ for develéping

countries.
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Criteria &
Sub-criteria

! i . Data for
o Criterion

ot e et ol

A

| Technologies using AHP model

Prioritised list of
~ hard technologies

__for (Future Proofing)

Prioritised list of
hard technology

Yes

hard teéhnology _
limitations

Soft teéhnology’
matrix

Selected hard and’
soft technologies

Fig. 6.2 The proposed framework of power generation technology selection

201



6.15.2 Justification of'develop,ed}framework

The terms framework, faxonomy, conceptual model and typology are often used
interchangeably. Taxonomies classify objects and typologiés show how mutually
exclusive types of tﬁings are related. Frameworks provide an organising approach and a
cénceptual model shows how ideas are related: The general desire is to create a set of
labels that help people organise and categorise information (Power, 2001). Sprague and
Watson (1996) afgue typologies, _frameworks or conceptual mo'.dels are “often crucial to
undefstanding_of a nyew. or complex subject.” Decision support is not a new subject, but
it is complex ;(md evolving. A goad frachork shows the parts of the topic and how the -
parts are interrelated. | |

Liao (2003) indicated ‘that knowledge management framéworks are used widely in

different areas of research and practices as can be seen in table (6.9).

Table (6.9) Knowledge management framework and its applications (Liao, 2003)

Knowledge management framework applications Authors

Nonaka et al., (1996)
Wilkins et al, (1997) and Wiig (1997).

- Knowledge creation

- Knowledge asset

Wiig et-al. (1997)

Wiig. (1997)

Heijst et al (1997)

| Johannessen et al. (1999)

Liebowitz and Wright (1999)

Drew (1999), Hendriks and Vriens (1999)
Hendriks and Vriens (1999) -
Rubenstein-Monfano et al. (2001)

- Methods and techniques

- KM development and history
- Organisational learning

- Organisational innovation

- Intellectual capital

- Strategy mahagement

- Organisational impact

- Systems thinking
- Artificial intelligence / Expert systems Liebowitz (2001)
- Knowledge inertia Liao (200)
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Accordiﬁg to Holsapple and Joshi (1999), the lack ‘oif effective management of
knowledge (KM) could be that mést organisations are still sfruggling -to comprehend the
khowledge management concepts and shortage of developme'nt.bf related ”frame\.vbrks.
The result of analysing knowledge management 1¢d to the céncl_usio‘n that there was a
need for developing a comprehensive and unified framework for describing the nafure
of knowledge rﬁanagement. Such descriptive framework could benefit both researches
both reseérchers and bractitioners by creating an organised foundation fo.r' future
progress in understanding and ‘conducting“KM.l Thése frameworks could be broa_dly
classiﬁéd into two categories: descriptive frameworks and prescriptive frameworks. The
descriptivé framewérks a_ftempt_ to charaéteri{se the nature of KM phenomena.
De‘scriptive can be further classified into broad and Speciﬁc categories. A broad
framework is one that 'attempts';co describe _thev whole of »KM phenomena. A speciﬁc
framenwork' focuses on a ﬁarticular aspect of this 'phenomenon. |

- Jacobson and Johnson (1998) suggested that an analytical frarheworkbuilt around the
concept of technological systems might be suitabie. A teéhnological system is a
technological specific innovation system that is useful when the focus of thé enq}uAiry'is

to study the competition between various ways of supplying eriergy.

6.16 Comnients on integration of hard and soft technblogies'

The second part of this chapter focuses on identification of soft technologies used in A
power generation sector and power plants. Limitations of different hard technologies are
also discussed and explained. A table is developed to prioritise the soft technologies

according to the limitation of hard technologies selection.

1203



The third part of this chapter explains the intégration process of hard and soft
technologies in power generation sector éccording to hard technologies feasibility and

~ after that integrating it with the soft technologies.
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' CHAPTER SEVEN
THE VALIDATION OF THE MODEL
OF POWER GENERATION

TECHNOLOGY



7. Validation of a systematic approach
After developing the model for power generation technology and indicating the most
important criteria and sub-criteria, the derived model needs to be validated. This chapter

deals with this problem.

7;1 Introduction

In ‘thi.s chapter, it is required to validate the systematic approach for power generation
~ hard technology selection whi'ch‘ is developed in this research work using the analytic
bhierAarchy process (AHP) software and methodo.logy.‘ |

Thére are many way's\to -Validate proposed models to prove the validity of the proposed
model. These methods of validatioﬁ cén be named as:

: a)—Numerical methods or

~ b)- Statistical methods.

One of the well established statistical methods is the questionnaire technique and hence

analysing the information collected from such questionnaire and survey.

7.2 Why quéstionnaires

According to Gillham (2007), quéstionnairés are an inexpensive Way to gather data“
from a potentially large humbér of respondents. Although preparation may be costly and

time q011suming. The adrﬁ_inistration cost per persoﬁ of a questionnaire can be as low as

postage and a few photocoioies. Itis impoftanf to remember that a questionnaire shouldb
be viewed as a multi-stage process béginning with definition of the aspects to be‘

examined and ending with interpretation of the results.
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7.3 Designing questionnaires

The stens required to design and administrate a questionnaire include:
1- Defining the objectives of the survey, |

3- Writing the questionnaire,

4- Administering tne questionnaire,

5- Analysing and Interpretation of results.

7.3.1 Types of questionnaires
: There. are two types of quentionnaires normally used, the first type includeé,
1- Long ended questinns,
~2- Short endéd '(iuestions',
3’- Tick questions are nonnalllly‘~the answers and are on the form of Yes or No or a
: 'scal-e type.
The second typ_e', where you ask directly the experts on the field of survey but it is

important to determine the number and the level of experts.

7.3.2 Instruction in questionnaires

1- Indicate that the wofk is undertaken as pait of la university research work.

2- The issues of conﬁdenﬁality and or anonymity should be addressed. Example: (all of
the information you give us will be treated as completely conﬁ'dential. and it will not be
.possible for anyone to identify the ianrrnation you pass to us when writing up my
research nepoft). |

3; Indicate how the person was selected to receive the questionnaire.

4- Indicate how it is to be answered. For example, tick only one answer (box) and leave

the rest blank.
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5- Return quéstions (how).
6- Make sure a clear instruction on how to respond.

, 7; Indicate the form of the answer (numeric, tick-box, rank etc).
8- Where respondents answers to an earlier question affecfs subsequent set§ of
questions, ensure that the route which they should take is clearly specified. Example, “if
yes, please go to question....” .

9- Questionnaires must not begin with awkward or embarrassing questions.

7.3.3 The layout of questibns

1- Print clearly (ask IT) for help if needed.

2- Allow adequate space between queétions so that you can write down any comments
made (do not leave tﬁo much). |

3- Wrife the qﬁésﬁonhaires themselves in a lower case. But instructions in upper case

(capital letters)

7.4 Pilot your Quéstionnaire

Before deli\}er any questionnaire, we shduld_pilot it. Theré are number of reasons why it
is important‘to pilot a ,questionn‘aire‘: |

1- To test how long it takes to corﬁplete.

2- TQ check that the Questions are not émbiguous.

3- Cheék insiructions are clear.

4- To allow you to eliminate questions that does not yield usable déte.

S5-Tryto pi]ot 5--10% of your final sample number.

6- Take account of comments made in the pilot study.
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7.5 Criteria and sub criteria

The main criteria for this model are as follows:

1- Cost,‘
" 2- Plant life,
3- Requirements,

~ 4- Dependency.
5- Safety,
6- Pollution_,

7- Development.

- These above main criteria are the determining factors of the goal and the selection of the

power generation technology and all of them add to one (unity).

The main sub-criteria are as following: |

~ For Cost: Capital cost, Fuel cost, Operation & Maintenance cost.

For Plant Life, there are no sﬁb-criteria. |

.For ‘Pla_ntv Requirements:  Land ﬁsed , (heétare/ GW), Water néeded (m3/kW) .and, |
Elvnplo:yment' (person/ GWh)'. | | |
For Dependency: Foreign participation (%), Local partiéipation (%).
For Safety:'Noise level (dB), Physical discomfort‘ (%), Péychologic_al discomfort_ (%).
For Pollution: Gldbal warrniné (gCOZ/kWh), ‘Air _ pollutipn (%), Thermai pollution
(GJ/GWe), | | |

For Development: Technology development (%), Industrial development (%).
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7.6 Different hard technologies options
Referring tb ci.lapfer' four, the different hard technologies for~electﬁcal power generation
are as following: |
1- Coal fired power generation,
2- Oi‘lv fired power generation,
3- Gas fired power generation,
4- Hydropower generation,
- 5- Ge_éthermal_ power géneration,
6- Nuclcar power generation,
- 7- Wind power generation,
8- Solar photovdltaic power generation and

9-.-Solar thermal power generation.

1. Quéstionnaire strategy

-4 Here, the questionnaire strategy is decided to follow these guide lines:

- To consult and send off these questions té ’some leaders in the electrical power
generation sec.tor;

- Usingv’postal and direct way.to cémmunicate with these ménage_rs in power stations.

| - A number of 50 leaders or ménage_rs to be involved. |

- The AHP spftware is chosen to be the analysing tool, o

= A ’sc‘aie Starting’ frorﬁl to 9 is to be used to indicate the answers by the respondents

(the same scale in the AHP).

- A letter to be provided with the questionnaire to explain the objective of the research.
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7.7.1 Sending out questionnaires

In this validation proCeés, it is decided to seiid out abdut ﬁfty quiastionnaires inside the
UK inforder to Be able to validate the conceptlial‘framework and suggested.model for
the powef generation tc;chnologies sélecfioil. Also, an opportunity is taken by the author
when visiting Libya (developing country) and handed out éighteen copies of the
questionnaires to some power stations managers (different generaiion vtechnplogies).
Because fhei author was unsure about the number arid time of returning questionnaires in
‘the UK, that is why some of these questionnaires were conducted in Libya as a
developing country.

Thirty envelopes were sent to the managers. of operation and mainténancie in different
power s’tatii)ns m the UK. In every envelop two copies of the‘ que.:'stionnairesi were
_ includéd just in case the operation and maintenance departmeiits were separated. Ori the
“other hand, the .que.stionnaires in Libya' ‘were distributed by hénd to ensure- that
managers of operaﬁon and maintenancel anéwered them on time. It may be worth
mentioning that the collection of the questionnaires from the respondents in Libya was
very difficult irideéd. Oniy fourteen requndents éompleted the Questionnaires.

In ihe UK, v-nine respondents of questionnaires cOmpleted and sent back the

questionnaires without any significant additional comment.

7.8 The Statistical a'nalys‘is of the responses

Tables were drawn using ihe completed questionnaires anci, rows and columné
representing differ_ent criteria and sub-criteria against their frequehcies. The second step
is to ihink carefully how the answers can be averaged to represent thé real reflection of

the experts from different power stations.
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We have one of the two Ways to be used in this situation. The first is-the arithmetic

mean value and the second method is the geometricv mean.

7.8.1 A\}er'aging-thé respondents frequency

According té Gillham (2007), maﬁy people avoid and think this statistical analysis is
not for them. Normally, _thc arithmetic mean is used in statistical and mathematical
situations when directly deélt with numbers. |

The geofnetn'c mean may be more éppropriate than the arithmetic mean for describing |
percentage growth (Expert Choice, 2000). Here an eXample worth showing to illustrate
the ﬂriew; Imaginean apble produces 100 épples pér year, 180, 210 and 300 the |
following years, so the growth is 80%, 16.7% and 42.9% for each of the years; Using '
the arithmetic mean, the average growth éan be calculated as 46.5 (80% v+1677.% +
42.9% divided by'3). However if we stért with 100 apples and let if grow for thrée‘ years
with 46.5%, the .result is 314 apples, not 300. |

To overﬁome this problem, we can use the geometric mean. GréWing with 80%

corresponds to multiplying with'; 1.8, so we take the geometric mean of 1.8, 1.167 and

1.429, (1.8*1. 167*1 429)"%, thus the average growth per year is 44.3%. If we start with ° |

100 apples and let the number grows with 44. 3% each year, the result is 300 apples
‘ whlch is the correct answer.
Probably the most common example of percentage growth is interest rates, e.g. a '

savings account where the bank pays a certain percentage growth per. year.
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7.8.2 Geometric mean of responde‘nts’
Aftef the completed questionnaires were returned back,4the aﬁthor started to analyse the
res.pondents responses. Before calculating the geometric mean a ;s,pfead sheet ié drawn
énd then the calculation started to take place.

The first column includes the multiplicatioh of frequencies of the respondents of
different criteria and sub criteria. The' second column is to‘ calculate the 23 root of the
product of the frequencies. The third column is to convert the calcu.latedbroot and ﬁﬁally

- the forth column is to round it to three decimal places.

7.8.3 The AHP model
fhe AHP model 1s to show the different éﬁteria and sub criteria arranged top down
model under the obj ective of facfors influencing hard technology comparisoh.
All the criteria and sub criteria are included in ihe model frame as can be seen in figure .

(7.0).
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I Goal: Power generation technology selection
—3 Cost ($cent/kwh).(L: .166 G: .166)
—& Capital (L: .363 G: .060)
—& Fuel (L: .329 G: .055) ]
& Operating&Maintenance (L: .308 G: .051)
—2 Plant life (years) (L: .139 G: .139j
I Requirement (L: .128 G: .128)
—3 Land used (Hectare/MW) (L: .177 G: .023)
—& Water requirement (m3/kw) (L: .398 G: .051)
| “—8 Employment (L: .424 G: .054) -
‘ Dependancy (L: .084 G: .084)
E Foreign (L: .392 G: .033) _
Local participation (L: .608 G: .051)

01 Safety (L: .179 G: .179)
= Noise level (L: .406 G: .073)
2 Physical discomfort (L: .287 G: .051)
—& Psychological discomfort (L: .307 G: .055)
33 Pollution (L: .177 G: .177)
O Global warming (L: .251 G: .044)
= Air pollution (L: .412 G: .073)
—& Thermal pollution (L: .338 G: .060)

0 Development (L: .127 G: .127)
Technology (L: .441 G: .056)

8 Industrial (L: .559 G:.071)

Fig. (7.1) The pair wise comparison between the main criteria and sub criteria

(Respondents) with réspect to.the goal.
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1.9 Results from the AHP
Taking the geometric mea;l values calculated and feeding it to the AHP software is a
| helpful way to \'_/alidabtke the ﬁlodel. |
| All the criteria and sub Criferia are compared against one another to see the outcome of |
‘the fesults and how much agree with the proposed earlier model.
When iooking to the output reSﬁlts from the AHP fepresented in graph (7:1), we c'aﬁ
“conclude the following: - |

Table (7.1) The values of the pair wise criteria from the AHP (RespondentS)

Criteria , Priority (%)
Safety , — 75
Pollution ' 177
Cost - | | - 166
b"'Plant Life | — 13.9
Plant Requirement ‘ - - 128
' Developfneni: - 'A , 127
: Dependencyﬂ ; 8.4
Iﬁcohsistency =0.02 . ‘

| From table (7.1) and graph (7.1), Safety is 'thé most important criterion represehting thé .
~ highest value‘énd this is logiéally épéaking is right. Because the employées should not
compromise with safety iss'ues" and work in a safe environment and protect the
surrounding hardware as well. The second criterion is the pollution having a second
highest value of the group and this is fine becaﬁse polluting the environment can not be

tolerated or forgiven. Mankind have to ensure the minimum of pollutants produced from
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any technology used to genefaté electricity even though tHe major pollﬁtion is caused by -
the industrial world. The third criterion is the cost, with third highest va_lué pafticipating
in the impoftance’ aﬁd without doubt especially when talking business no company or
organiéation will 'gi\./e‘you free stuff.

‘The rest bf criteria come with minor impbrtance when compared with the most
significant ones. The inconsisfency of 0.02 is p‘rdduced and confirmed by the AHP

software and it’s a small ﬁguré which is accepted. .
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Priorities with respect to: .
Goal: Power generation technology selection

‘Safety

Pollution 177 R

Cost ($cent/kwh) : .166 NN

Plant life (years) 139 NN

Requirement ) 128 N '

Development -127 [T
]

Dependancy .084
Inconsistency = 0.02. -
with O missing judgments. -

Graph (7.1) The pair wise comparison between the main criteria (AHP)
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7.9.1 Comparing the criteria using fhe AHP.

After computing the relative importance of the ;:-riteri.a derived by the AHPiprogfam,
some of thésé results are presentéd in the table (7.2) and compared' with- the proposed -
criteria fo-build the model presellltbed in chapter ﬁv.e.kI't is worth here putting the results |
of respondents and the proposed in the séme table to make it easy for the reader to see
the comparison. .

Table (7.2) The comparison between the proposed and observed criteria

Proposed criteria (%) Respondents criteria (%)
Cost 33 — Safety . 179
Pollution 23 : Pollution e 17.7
Safety 20.6 Cost _ 16.6
Plant life 9.3 Plantlife 139
Development 6.8 : Plant requirement ~ 12.8
Plant requirement 3.4 . Development 5 12.7
Dependency 3.3 Dependency | 8.4

[ Toml 100% Total 100%
Inconsistency | 0.06 , Inconsistency 0.02

From table (7.2), it- can be kseen that the proposed criteria has the cost as most significant
criterion but the observed criteria has the safety as a‘ first priority. Pollution is the
second importapt criteria in the proposed and respondent criteria as can Be seen from thé
abové table. In the proposed crit¢ria signiﬁcancg, safety is the third important criterioh
but cost in thé respondenfs. Plant life is the fourth in both proposed and 6bserVed
criteria. Development and plant requirement are a little different between the pro.p(’)sed-
and observed criteria an‘d this difference is due to the difference between theorétical
assumpti‘on and the practical. The last factor in the table is the dependency, and agreés

in both proposed and observed criteria.
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Now the author would like to examiné how much is the deviation between proposed and
observed criteria and their. impact on -prioritising and the selection of the hard

technologies.

Table (7.3) The impact of different ¢ﬁteria on the power generation hard technolo-gy

selection. ‘ ‘ ,
Hard technology priority based on Hard technology prio’rity.based on
proposed model (%) 7 .- | observed respondents (%) |
Hydropower | 19 - Hydropower 14.7
Wind power 17.7° Wind power - =~ T 147
Solar photovoltaic 16.4 , | Solar photovéltaic 13.9
Geothermal _ 1AO.4 _ Natural gas 9;9
Natural gas 7.7 Geothermal - 9.8
Nuclear 7.6 - Oil fired - 9.8

| Oil fired 75 : Solar thermal 9.5
Solar thermal 7.3 | Nuclear 9.1
Coal fired. 6.4 Coal fired 8.7
Total - ‘ 100- Total - 100

- 7.10 Comments on validation results -

After ;clnalysing the questionnaires and using the geometric mean technique and the
output values from the AHP software fo.r rriulti—critefia decision making process. The
checking of >the validation of the proposed model took place. ‘T‘he sample size of the 
respondenfs was just over 50 but only 2‘3 respondents answered the QueStionnaires. It ié
worth fnentiéning both respondents agreed in the majority of the questionnaires and this
~ is because mangeré from both sides are working in the same environment and same

field.
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The folldwing results were obtaiﬁed (proposed énd obsérved): o

Hydropower électrical generation technology is having the vhig‘hest priority for both
cases. Wind powér _ hard tef;hnology is the second pﬁority option in both cases. |
Photovoltaic power generatiori hard technplogy is the third priority option in both cases
as well. Geofhérmal and natural gés hard téchnologies are vice ‘versa in both cases but
this represents a small share out of the total.

- Nuclear, oil 'ﬁr¢‘d and solar thermal hard technologies are the sixth, seventh and éight '
prioritieg for_v both cases. The las.f priorify is the coal .ﬁred hard technology and this is
may be due the environmental é_ffecf of the oil fired hard technolo.gyvas this té_chnology

produces large amount of pollutants.

The results of the questionnaire about the priorities of the criteria and sub criterié which
may gffect the sélection of power bgeneration hard technology yoption, there is a
significant = agreement bet_ween the proposed model criteria importancé and the
~ observed. |

As mentioned above, there is a littlé of non-homogeneous betwéeh the respondents from
_the'[jK to thé respondents ‘came from Lib}?a. The UK éngineers-for 6peratioﬁ_and
maintenance wdrking_in diffefenf power stétions are-more careful about»the»general
»safety in power stations as some belonging to private sectors. Engiﬁeers in Libya gave a
higher priority to the life of the power pianfé cofnpared with cost and other criteria’
because the comments they get from their mangers iﬂ charge of pbwer stations “how
long can the power station equipment survive”. This may satisfy man.gersv'vorking for
the electricity national grid :company. Engineers in Libya have given less importahce to

cost, safety and pollution. These engineers are not alerted and aware of importance of
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safety and pollution because they only see the problem of pollution as a single issue for
theif coun’dry.‘ only.

From the diécussion above, it can be concluded that the prdposed model for power
1 generation hard tedhnologies. selection and prioritising is succes‘sful and validated for
the deveioping countries as it shoWs égreement beﬁNeen proposed with Qbserved

information in this validation analysis.
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" CHAPTER EIGHT
CONCLUSIONS AND

RECOMMENDATIONS



8.1 Discussion of research

From tﬁe Iiteraturé review about sustainable devélopment in develdping countries, the
majority of sectors fall short of scientific policies. PoWer generation is an important
field to focus _'oﬁ because it will help other sectors to develop and make some
contribution to the national economy of developing countries. Technology management
was the answer to link limited resources, science and knowledge, -engineering, economié
aspects, health, employments a;xd information, and communication technologies. Man
~needs electricity becapse daily life of everybody demands machines, lighting, heating,
transports, éémmunication with some others needs. All equipments mentioned above
require electrical eriergy to operate. By looking back ;o the research work done in this
field of power generation sector, a little work was carried out -regardiﬁg the optimisation
‘and filtration of hard teéhnologiés in developing countries. The prevqious work focused
on a single or combaring few féchnologies togethér of the same type. No doubt most of -
Adeveloping countries are éhort of resources (economic and financial). Dué to the
' increase in populatipn, more electrical energy is needed to satisfy this demand. Also
some research is considering the hard technology only and not paying attention to soﬁ
technologiés. The integration of hard énd soft technologies ié importaﬁt and crucial in}
| the field of power generation. | |

The problem in déveloping countries is the short fall of most governments in developing
countries to develép a successful fe;chnology policy and concep.tual ffamew’orks for
power generatioh sector. It is decided to focus on develpping é concéptual framework
and to draw guidelines' to optimize and prioritise power generation and select hard
‘technology options for developing countries.

The conceptual framework is developed and presented after ihtegrating the main

elements of the framework together.
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Hard ,tecimolpgies for power generation are identiﬁed and explained including their

| effect on environment and cost is focused on as well. Important criteria and sub c.riteria

haviﬁg a significant effecf on power generation are determined ‘by iookfng to ¢con9’mic,

social, technological, ﬁndncial and‘benvironmental aépects. AHP modelyis built based on

the identified criteria and sub criteria determiniﬁg the goal.

- Using data cdilectéd from the literature and the built AHP model after deciding the pair

wise comparison between the criteria and sub driteria. The results were computed and

presenté‘d as prioritised list of hydrop_dv;/er,‘ wind powér, solar phOtovoitaic, geothermal,

 natural gas, nuclear,b oil ﬁred, ‘'solar therm'al and coal ﬁrgd power generation
technologies réspectively._ Sensitivity analysis is conducted to future proof -and to

de,terniiné the impact of parameter changing on the output final dgcision of pqwér

generatikon'.technology sélection. Results are ﬁresented by graphs apd tables, dnd

- discussed. |

Some technology indicatofs are determined and. listed in tables to énhance the

identification of the soft technologies required fdr power -generation. Soft téchnologigs

matrix is developed with the ﬁelpiy of expert advice in Libya. The invtegrétion' of hared

téchnol‘dgiés and soft technologies 1s conducted.

Thé validation »of the AHP model is done using the questionnaire technique and the‘
prdposed tﬁodel agreed with the respondent results outcome of questionnaire. Bodl of

them are discussed and presented in a table.
8.2 Contribution to knowledge

The main contribution to the knowledge is the development of a comprehensive

framework which includes a several stages such as:
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" 1)- Identifying the main criteria and sub criteria of power generation technology
management as no other study have identified them for power generation technology -

selection in developing countries. -

2)- Building AHP model based on the criteria and sub criteria identified earlier to

support and enhance achieving the goal of the research work. -

3)- Identifyiﬁg hard technologies ﬁs_ed in power generationvand _ﬁitering them ﬁsing the
AHP built model. Nine hard technologies were included and the prioritizing pfocess
outcome is as hydropower genefation' technology, wind power téchnélogy; solar
photévoltaic technology, geothermal power technology; naturai gas techholbgy, nuélear
pbwer technology, oil fired technology, solar thermal teéﬁnology and coal fired power -

generation technology respectively.
4)- Soft technologies used in powe'rv generation are identified with the help of
technology indicators and a soft technologies matrix is develop_ed to support and

proprieties the selection of hard technologies.

5)- The integfati_on of hard and soft technologies is executed and presented in this

research to get the power generation hard technolo gy working.
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8.3 Recommendations for further rescarch

For future research work, the author would like to recommend the following points to

be ihcluded and focﬁsed on:
1)- As powcr-generation technologies develop quickly, most of the criteria are
identified to build the framework but in future other criteria may appear to be
significant with the devclop‘ment' with t‘echnology..lncluding new cr@teria énd
sub criferizi for power generation can help to improvc or develoo the new

framework.

2)- In this research a supply side of technology management power generatioh is
dealt with and the demand side is also a big area to research and discover. A
* framework  of demand side management could be developed and integrated

with the supply side options.

3)- More hard technologies could be included in future research because they are
not commercial yet and can not compete with existing ones to build a new
framework. Examples of these hard technologies are hydrogen technology, tidal

technology, sea wave technology and bio fuels power generation technolo gies.

4- For any feasible fossil fuel power gen'eration‘tcchnology, a CO2 capturing
‘ technology has got to be combined with the hard power generation technology
to reduce the amount of harmful gases released to the environment but more

research is needed in this area.
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APPENDIX

Questionnaire

As an integral part of an on-going research work, we are aiming to develop a framework wh|ch
will enable developing countries to select suitable power generation technologles

We have identified a range of factors that might influence the selection of suitable power
generation technologies (please see page 2) and we are seeking your help to identify relative
importance of these factors. We have listed pairs of factors in this questionnaire and it is much - -
appreciated, if you could indicate the relative importance of factors by circling a number in the
glven scale.

In the example‘ below, two factors “Cost” and “Plant Life” to be compared. The mid-point, 1,
indicates that both factors are equally important. Three possible comparisons are shown below.

Example
Cost ’ Plant Life
(Capital, fuel and operation & maintenance) (Operation life of plant)

~ i v
9.8 76 54 3 2(1)2 34 65 6 7 8 9 <<Costé&plantlifeare equallyimporta
1

9.8®6 54 3 2

98 76543 2(1|2 34 5(6)7 8 9 <<Plantlifeis more important than cos

S|

2 3456 7 8 9 << Costis more important than plant lif
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Factors which may affect the selection of Power Generation Technologies

COST - the total cost of capital, fuel and operation & maintenance costs;
PLANT LIFE - the number of years a plant operates with minimum maintenance (years). -

PLANT REQUIREMENT - land space needed for plant and fuel storage, water to run plant and total
number of people to operate, and maintain the plant.

DEPENDENCY - the level of contribution that the developing country make in building and operating the
plant.

SAFETY - PhySical & psychological discomfort to surrounding caused by the-plant.
POLLUTlON the global warming, air and thermal pollutlons

DEVELOPMENT - technology and industrial development added to a developing countries when utilising
a certain generatlon technology. :

' CAPITAL COST - the construction cost divided by the net electnmty generated in and its unitis in £/kWh
FUEL COST is defined as the cost of fuel supplied to the plant to generate electricity in £/kWh.

'OPERATION & MAINTENANCE COST - the actual cost to operate the plant and maintain |t from any
stoppage and itis measured in £/kWh

LAND USE - the area requxred for the plant and fuel storage in Hectare/GW. -
'EMPLOYMENT - the total number of persons to run the plant and measured in Person/GWh.

WATER REQUIREMENT - the amount of water required to run the plant and accessorles measured in
m3/Kw.

FOREIGN PARTICIPATION -the percentage shared by a foreign country to help a developing country to
build and operate a power plant and expressed in percentage (%).

LOCAL PARTICIPATION - how much a developing country can parhmpate to build and operate a power
plant and expressed in percentage.

NOISE LEVEL - the amount of unwanted sound produced by the power plant when generating electricity
in decibels (dB).

- PHYSICAL DISCOMFORT - the disruption caused by a power plant to the surroundmg people and
expressed in (%).

PSYCHOLOGICAL DISCOMFORT - the mental pressure on people caused by the power plant operation
and existence, and expressed i in (%).

GLOBAL WARMING - the amount of carbon dioxide in grams released by the power plant to generate
electricity and measured in (gCO2/KWh).

AIR POLLUTION - the amount of dlfferent particles released to the air from the power plant and.it is
expressed-as percentage (%). :

THERMAL POLLUTION - the amount of heat released by the plant and expressed ln_ GJ/IGWe.

TECHNOLOGY DEVELOPMENT - how much technological value can be added to the country when usirg
a specific generation technology and normally expressed as percentage (%).

INDUSTRIAL DEVELOPMENT - how much a generation technology affects other industries and
expressed as percentage (%).
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Please circle an appropriate number in the scale to indicate the relative importance of two
factors shown in each question. . ' .

Section A:

Q1 :

Cost o Plant Life

(Capital, fue! and operation & maintenance) (Operation life of plant)
98 76 54 3 2|1|2 345 6 7 8 9

- Q2 .

Cost , Plant Requirement

(Capital, fuel and operation & maintenance) (Land space, water and people)
98 76 54 3 2[|1/2 34 5 6 7 8 9

Q3 . ' . ‘

Cost - _ : ' Dependency

(Capital, fuel and operation & maintenance) (Local & foreign participation)
98 76 543 2|1/2 34567809

Q4

Cost - Safety

(Capital, fuel and operation & maintenance) (Noise, physical & psychological discomfort)
98 76 54 3 2|1[2 34 5 6.7 89

Q5

Cost . ‘ Pollution

(Capital, fuel and operation & maintenance) . (Global warming, air & thermal)
987654321234'5'6789

Q6 : .

Cost , Development

(Capital, fuel and operation & maintenance) (Technology & industrial)
98 76 543 2|1/2 34567839

Q7 . C

Plant Life . Plant Requirement

(Operation life of plant) {Land space, water and people)
98 76 54 3 2[1|2 345867809

Q8 - )

Plant Life Dependency

(Operation life of plant) (Local & foreign participation)
9 8 76 54 3 2[1]2 34 5 6 7 8 9

Q9 :

Plant Life - Safety

(Operation life of plant) (Noise, physical & psychological discomfort)
98 76 54 3 2|12 34 5 6 7 8 9
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Q10

Plant Life

‘Pollution

(Operation life of plant)

(Global warming, air & thermal)

2 345 6 7 8 9

Q11

Plant Life

Development

(Operation life of plant)

(Technology & industrial)

Q12

2 3456789

Plant Requirement

Dependenéyb

(Land space, water & employment)

98 76 54

(Local & foreign participation)

2 3456789

Q13

Plant Requirement

Safety

(Land space, water & employment)

(Noise, physical & psychological discomfort)

98 76 54

2 345 6 7 89

Q14

Plant Requirement

Pollution

(Land space; water & employment)

(Global warming, air and thermal)

98 76 54

2 34 5 6 7 8 9

Q15

Plant Requirement

Development :

(Land space, water & employment)

Technology & industrial)

9876 54

Q16

2 345 6 7 8 9

Dependency

Safety

(Noise, physical & psychological discomfort)

(Local & forelgn pamupatlon)

98 76 54

2 3456 7 89

Q17

Dependency

Pollution

(Local & foreign participation)

(Global warming, air & thermal)

98 76 54

Q18

2 345 6 7 89

Dependency

Development

(Local & foreign participation)

(Technology & mdustnal)

9 8 76 54

2 34 5 6 7 89

Q19

Safety

Pollution

(Noise, physical & psychologlcal discomfort)

(Global warming, air & thermal) .

2 345 6 7 89

98 76 54
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Q20

Safety

Development

(Noise, physical & psychologlcal discomfort)

(Technology & industrial)

98765‘432

2 345 6 7 809

Q21

Poliution

Development

(Global warming, air & thermal)

(Technology & industrial)

2 3465 6 7 809

98 76 54 3 2

SECTION B:

Please use the same way as above to compare lmportance of the foIIowmg sub-criteria.
Q22

Capital cost Fuel cost

(Ratio between construction cost & elec. generated)

(Fuel supplled to generate electnc»ty)

9 8 76 5§4 3 2

2 345 6 7 8 9

Q23

Capital cost

_Operation & maintenance cost

| (Ratio between construction cost & elec. generated)

{Cost to operate and maintain plant)

98 76 54 3 2

2 34567 89

Q24

Fuel cost

Operation & maintenance cost

(Fuel supplied to generate electnc:ty)

{Cost to operate and maintain plant)

9 8 76 54 3 2

Q25

2 34 5 6 7 89

Land use

Water requirement

(Area to build plant & fuel storage)

Water to run plant & accessories)

98 76 54 3 2

Q26

2 345 617 809

Land use

Employment

(Area to build plant & fuel storage)

{Number of people to run plant)

98 76 54 3 2

2 345 6 7 8 9

Q27

Water requirement

'Employment

(Water to run plant & accessories)

(Number of people to run plant)

9 8 76 5.4 3 2

Q28

2 345 6 7 89

Foreign partlmpatlon

Local participation

(Share of foreign country to build & run plant)

9 8 76 54 3 2

(Share of developing country run plant)

2 345 6 789
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Q29

Noise level - Physical discomfort .

(Unwanted sound caused by operating plant) (Actual disruption to surrounding people)
98 76 543 2|1/2 34567839

- Q30

Noise level ) Psychological discomfort

(Unwanted sound caused by operating plant) (Mental pressure to surrounding people)
9876 54 3 2[1|]2 345617 809

Q31

Global warming Air pollutlon

{Carbon dioxide released to atmosphere by plant) (Different partlcles released to atmosphere by plant)
98 76 54 3 2/11[2 34 5 6 7 8 9

Q32 :

Global warming ' Thermal pollution

(Carbon dioxide released to atmosphere by plant) (Amount of heat released to atmosphere by plant)
98765432123456789

Q33

Air pollution » Thermal pollution

(Different particles released to atmosphere by plant) (Amount of heat released to atmosphere by plant)
9 876 54.3 211[2 34 5 6 7 8 9

Q34 :

Technology development Industrial development

(Technology value added) (Effect on other industries)
98 76 54 3.2|1|2 34 5 6 7 8 9

End of Questionnaires
SECTION C:
Question,

Do you have different views about the Criteria and Sub- criteria included in this questionnaire
relating to the selection of power generation technology for developing countries? Please feel
free to add any comments

Answer,

...............................................................................................................................
..............................................................................................................................
B R L L LR L T I R TR R R R N R R R R R R R R R R TR R
..............................................................................................................................
..............................................................................................................................
...............................................................................................................................
..............................................................................................................................
..............................................................................................................................
..............................................................................................................................

Thank you very much

244



