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Analytical search of problems and prospects of power sector through Delphi study: case study of Kerala State, India
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Abstract


This study attempts to review and analyse the critical issues that afflict the power sector of Kerala, a developing State in India.


For this purpose a Delphi study, contacting experts in the field was conducted. The paper illustrates the process followed for the
 conduct of Delphi survey and evaluates the responses obtained. Consensus among experts could be arrived at on various issues
 related to Kerala power sector in two rounds of Delphi survey. The expert-opinion concluded on various issues is discussed in the
 context of the present energy shortage faced by the State. The experts participated in the Delphi survey unanimously stressed on
 the urgent need for an integrated approach in the power sector planning process of the State. They also emphasised on the
 imperativeness for exploiting the demand side management potential of the State to alleviate energy crisis in future. The study
 fetched informative and revealing results, which may aid to formulate and review future planning strategies for the expansion of
 power sector of the State.


Keywords: Delphi study; Energy demand; Demand side management


1. Introduction


Kerala is the southern most State of India, having a
 total area of about 38,863 km2. The climate is pre-
 dominantly tropical with an average annual rainfall of
 about 3107 mm. The population of the State, according
 to the first provisional population totals of 2001 census
 is 31.84 millions and the population density is 819 per-
 son/km2. The average annual growth rate of population
 during the last decade was 0.94%, which is remarkably
 below the Indian average of 2.13%. The economy is
 mainly supported by the agricultural and service sectors.


The annual per-capita income is 19,461 Indian Rupees
 (US $398.13 as on 1 June 2002) which is marginally
 above the national average of 16,047 Indian Rupees.


Compared to other States of India, Kerala could make
 significant achievements in areas of social development,
 health care and education. The literacy rate of Kerala is
 90.92%, which is high among Indian States.


Though remarkable developments could be made in
 various social spheres, the growth of power sector of the
 State has not kept pace with this. Striving hard to meet
 the ever growing demand within the limited energy and
 economic resources, the electricity sector of the State has
 been functioning under severe stress in the past few
 years. The colossal demand growth along with meager
 capacity additions dragged the State to incessant power
 cuts and load shedding. As shown in Fig. 1, the State
 experienced shortage of electricity throughout the past
 decade. The situation leads to various socio-economic
 issues having direct impact on the development of the
 State.


This work forms part of a large study carried out by
 the authors to evolve an optimal planning model for the
 Kerala power sector. The first phase of this study,
 carried out with the help of mathematical models,
 examined salient features related to the structure and
 pattern of energy demand of the State (Sharma et al.,
 2000, 2001a, b, 2002). Time-series projections carried
 out in these studies reported a three-fold increase in
 electricity consumption within another two decades.


Probable techno-economic implications of this growth
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Table 1


Sectoral electricity consumption pattern of Kerala (year 2000-2001)
 Sector


Domestic
 Services
 Agriculture
 Industrial
 Others
 Total


Number of
 consumersa


4,925,387
 1,018,102
 386,416
 111,168
 3500
 6,444,573


Consumption
 (MkWh)b


5878.2
 738.8
 536.5
 4212.8
 899.9
 12266.2


Consumption
 as % of total
 consumption


47.9
 6.0
 4.4
 34.3
 7.4
 100


ahttp://www.kseboard.com—the official website of KSEB.


b Annual report on the working of SEBs and Electricity Depart-
 ments, Planning Commission, Government of India, June 2001.


Year


Fig. 1. Shortage of electricity in Kerala in the past.


of demand as well as a few policy measures to meet this
 demand in a 'least cost manner' also were discussed
 therein. At this point, it was felt that an attempt to
 consolidate the opinion of experts on critical issues that
 afflict the Kerala power sector as well as to derive a set
 of 'consensed recommendations' for future would be of
 benefit to perceive the issue more meaningfully. This
 paper reports such an attempt and presents the results of
 the Delphi survey carried out contacting a panel of
 experts. Although the work was carried out as a
 supplementary study, validating the findings of the
 earlier analytical work, the scope of the survey was
 intended to provide by itself a gross profile of the
 problems faced by Kerala power sector and visualise the
 future. Accordingly, the questions were cast covering
 important functional aspects of the State power sector.


The key finding of the survey has been reviewed and
 discussed, especially in the light of results of earlier
 analytical work.


2. Kerala power sector: an overview


The electricity supply system of the State is owned by
 a single, Government-owned utility company, viz.,
 Kerala State Electricity Board (KSEB). Started with a
 single 5MW hydro plant in 1940, this system grew
 substantially to an installed capacity of 2451 MW (as on
 31 March 2001). Out of this, 18 hydro stations account
 about 1757 MW of the capacity and balance from gas
 and diesel-based thermal plants and a small wind farm
 of 2 MW. Kerala does not have any nuclear- or coal-
 based thermal power stations. Out of the annual
 electricity requirement of about 10,189 million units
 (in 1999-2000), 7183 million units (kWh) were met from


internal generation and balance through purchase from
 Central pool and neighbouring States.


The transmission of power within the State is mainly
 in 220, 110 and 66 kV consisting of a total of
 7696 circuit km. The distribution system consists of
 30,296 circuit km of 11kV lines, 1,89,309 circuit km
 of LT lines and 31,579 distribution transformers. The
 system losses, which were about 13% during early
 1970s, increased during subsequent years and raised up
 to the level of 30%. However, it showed a declining
 trend in recent years and is at present about 18%, which
 is below the national average of 22.95% (2000-2001).


Eight categories of consumers are served by KSEB.


They are domestic (residential), commercial (including
 service sector), small industries, medium and large
 industries, water works, public lighting, agriculture
 and a few licensees. The consumption pattern of
 electricity among these sectors is shown in Table 1.


The number of consumers, which was 28,000 in the year
 1951, grew substantially and as on 31 March 2001, it has
 reached 6.44 million. The domestic sector, with about
 4.93 million consumers, stands to be the highest
 electricity-consuming sector of the State. The per-capita
 electricity consumption of the State is 311.67 units
 (2001-2002).


A sound energy infrastructure will be imperative to
 support the future efforts to achieve significant accel-
 eration in the development of the State. However, the
 present fiscal situation of Kerala may not permit public
 sector investments in the power sector to the required
 extent to expand capacity, obviously necessitating the
 private sector participation. To make the power sector
 of the State financially viable and operationally efficient,
 serious reforms may be unavoidable. This leads to the
 need of effective and diligent planning process.


3. The Delphi technique


The Delphi technique is directed to the systematic
solicitation of expert opinion by a carefully designed



(3)program of sequential individual interrogations con-
 ducted through written questionnaires. This technique
 eliminates open discussions and committee activity and
 thus reduces the influence of psychological factors such
 as specious persuasion, unwillingness to abandon
 publicly expressed opinions, and the bandwagon effect
 of majority opinion. Information and opinion feedback
 received from the earlier parts of the program are used
 in the later stages of the survey. It is designed to
 consolidate individual judgements systematically and
 thus obtain a reasoned consensus. The basic character-
 istics of this technique are anonymity, iteration,
 controlled feedback and statistical group response.


Objective type options are normally provided as
 answers for questions in the questionnaire. These
 answers are assigned with relative scoring or weighted
 ranks. The responses are then statistically processed,
 computing various parameters like mean, median,
 standard deviation, standard error, coefficient of varia-
 tion, etc. The results of the first round are informed to
 the experts and for questions in which consensus could
 not be reached, the experts are requested to reconsider
 their opinion, if necessary, through a fresh set of
 modified questions. The process is repeated till con-
 sensus is achieved for all questions.


Developed by the Rand Corporation during early
 1950s, the Delphi technique was originally devised to
 determine short- and long-term trends on issues of
 science and technology and to speculate their probable
 effects on society. But over decades, rather as a trend-
 forecasting tool, Delphi has evolved as a powerful
 analytical method to provide valuable foresight on
 issues involving high level of uncertainty in various
 fields including science, engineering and technology.


Significant studies have been carried out using Delphi
 technique to assess the social impacts of developments,
 especially in new frontiers of Science and technology
 (Menard et al., 1999; Cuhls et al., 1998; Loveridge et al.,
 1995; Loveless et al., 1996; Benari, 1985). Delphi is
 widely recognised as a good method also for dealing
 with complex problems in health care and nursing
 (Fitzpatrick et al., 1991; Pinyer et al., 1993).


In view of its inherent ability as an analytical tool
 embodying 'foresight' and to consolidate consensed
 opinion on issues related to 'future', Delphi has been
 recommended as an effective method for discussing
 issues involving high level of uncertainty (Mc Kenna,
 1994; Van Dijk, 1990; Rohatgi and Bowonder, 1979).


Owing to tremendous changes undergoing world-wide,
 monitoring and forecasting the developments of energy
 sector in general and electricity industry in particular is
 fraught with considerable uncertainty (Eden, 1993).


Hence, it is quite appropriate that Delphi technique has
 been used in various studies related to the energy sector.


In a significant study, California Energy Commission
 has employed Delphi technique to forecast the crude oil


price and its probable impacts in future (Nelson et al.,
 1996). In order to monitor the impacts of new
 technological developments in the electricity industry
 and to identify future prospects, Delphi has been
 employed in a few studies (Lefebvre et al., 1996;


Suganthi and Jagadeesan, 1992, 1998).


4. The process of Delphi


As indicated above, this Delphi study was conducted
 with an aim to arrive at valid consensus among experts
 on various critical issues that afflict Kerala power sector
 so that these results could be meaningfully adopted for
 framing future planning strategies. The questions
 covered broad areas like key policy issues, efficient
 utilisation of energy, tariff, supply and demand side
 options for conservation, use of non-conventional
 sources of energy, ecological and environmental im-
 pacts, optimal generation mixes, power sector reforms,
 etc. The socio-economic and technological factors of
 State also were considered while framing the question-
 naire. The questionnaire was initially given to a few
 renowned energy experts as a preliminary round for
 their suggestions/comments. The questions were subse-
 quently reframed incorporating necessary modifications
 suggested by these experts.


The first round of the questionnaire was mailed to 107
 selected experts. Due care was taken to ensure that
 experts were selected from different parts of the State
 and representing all spheres of the society including
 academicians, utility professionals, eminent field engi-
 neers, researchers, politicians as well as social activists.


Forty-seven experts responded during this round of the
 survey. The responses were subjected to statistical
 analysis. After the analysis of the first round of
 questions, it was found that firm consensus could be
 concluded on 19 (out of 25) questions. Clear consensus
 was not obtained for six questions. Hence, six new
 questions focussing the points for which consensus
 could not be concluded during the first round, were
 prepared for second round. The consolidated results of
 the first round analysis along with the second round
 questionnaire were sent to all the 47 first round
 respondents requesting them to express their opinion.


Responses were received from 44 respondents during the
 second round. Firm and clear consensus was arrived at
 all the points after the second round of the ques-
 tionnaire. The end results of the survey were informed to
 all experts participated in the study.


5. Statistical analysis of responses


While framing the questions, generally a five-point
scoring system was adopted. Answers could be



(4)expressed as any one of the options among 'strongly
 agree, agree, unable to comment, disagree, strongly
 disagree'. Relatively weighted scores were assigned to all
 these options. Frequency analysis of responses to each
 question was carried out using the software SPSS (SPSS,
 1996). The following parameters were also computed:


Range = Mean 7 ð3 x Standard errorÞ;


Coefficient of variation =Standard deviation
 Mean x 100:
 After analysis of results of each question, answers to
 questions which derived mean responses within accep-
 table range (say for example mean 7 0.5) and with
 acceptable coefficient of variation (say for example 50%


variation) were identified as opinion of firm consensus.


Questions, which provided answers outside these ranges,
 were considered as non-consensed and segregated for
 framing second round questions. The responses received
 in the second round also were processed similarly. As
 consensus was reached on all questions after the second
 round, the process was terminated in two rounds.


Appendix A provides a sample result of the frequency
 analysis.


6. Discussion of results


A consolidated abstract of the questions covered in
 the first and second rounds of this Delphi survey along
 with the expert-opinion concluded are illustrated in
 Appendix B. A brief discussion on the salient aspects of
 the responses is attempted in this section.


6.1. Genesis of the crisis


Till early 1980s, Kerala was a State surplus in
 electricity, exporting power to the neighbouring States.


After the commissioning of a major hydro-electric
 project at Idukki in 1976, there was a long gap for
 further additions. However, electricity demand was
 rapidly growing at a high rate of about 10% annually
 during this period. This factor along with the decadal
 population growth of 14.3% during this period—which
 perhaps left uncared by the energy planners—dragged
 the situation to power shortage. In the year 1982, Kerala
 for the first time experienced power cuts. Thereafter the
 State, once surplus in electricity, had to resort to
 importing power from neighbouring states and Central
 power pool. The meager capacity additions effected
 during subsequent years did not fetch any substantial
 improvement in the energy situation of the State. The
 financial situation of KSEB, which has been continu-
 ously operating under heavy commercial loss, barred it
 from seeking any long-term solution to abate the
 shortage.


First few questions of the survey were focussing on
 the general issues related to the power sector. Reviewing
 the situation, the experts opined that the present power
 situation of Kerala could be rated definitely as in a state
 of 'crisis', but not 'yet another' minor short-term
 disturbance trifling the State. It has been observed that
 KSEB has so far not explicitly reckoned the power
 situation as a state of 'crisis', but every year identify ad-
 hoc reasons for the energy deficit. For example, the
 prime reason projected by the official sources as the
 reason for the energy shortages experienced till recently
 was due to inadequate generation mainly due to
 monsoon failures, whereas the shortage at present is
 being attributed to insufficient transmission capability.


Such citations of partial validity lead to the obvious
 doubt whether the real depth of the issue is perceived by
 the utility company. A consensus in opinion could not
 be emerged among the experts on the question whether
 the Government as well as KSEB has fully conceptua-
 lised the real cause of the present crisis. However,
 considering the increasing general awareness among the
 planners and the Government in the issue of energy
 crisis, they are optimistic that the State will eventually
 stride over the current crisis and by the year 2020, they
 anticipate that the energy situation will be comfortable.


6.2. Socio-economic nexus of electricity demand


The economy and electricity consumption of the State
 during the past three decades indicated an average
 annual growth at the compounded rate of about 6% and
 10%, respectively. Analytical studies employing the data
 for the above period, carried out with the help of
 regression models, showed that energy demand of most
 of the consuming sectors is sensitive and closely related
 to the economic development of Kerala (Sharma et al.,
 2002). The consumption of electricity in residential and
 service sectors has been found to be related directly to
 the State income, that is, state domestic product (SDP),
 whereas the consumption in industrial sector was found
 to be correlated to the sectoral share of industries in the
 SDP. Also, it was observed that the population is
 another key determinant of energy consumption. The
 summary of significant explanatory variables identified
 in the study as having influence on energy demand is
 shown in Table 2. The abstract of results of electricity
 demand forecast carried out with the regression models,
 corresponding to two growth scenarios, is shown in
 Table 3. In the light of the above observations, various
 features of this socio-economic dependency of energy
 demand have been explored through the Delphi survey.


Experts unequivocally agreed that the energy con-
sumption pattern of Kerala is the last part of a long
chain of social decisions and actions. Therefore, they
were of the opinion that rather than dealing energy
as a 'technical issue', it is imperative to analyse the



(5)ioi
 ft


g3
 '&


oo


ctricil


o
 60


ci:


3


influtriable



1
3

sig


o


O g


lab Sum


o


s


60


wg


o


Inde:


3O
 ft



s


oo


ion


ft


g


nsu


Oo


Rain


a


'3


Jrba:ion \ulat


fto


PH


pita


3


Pei


PHQ


CA


PH


Q


PH


QCA


PHQ


O


Sect


g


3
 o


i «


ril


3


3 o


t^ 3


Indu prod


o
 o


•o


un


d


[OJ pet



°


ndex



s
o
 OUI 3 tallai

o



1


o


GO


> >


rimai


ft


3


ti S 2 3


.y -r-1 -s -^ o
 ftft


energy-related issues within their social structure.


Pointing out the strong energy-economy interdepen-
 dence observed in the State, the experts were requested
 to comment on the acceptability of a future develop-
 ment policy aiming energy-economy decoupling, for
 which a clear consensus could not emerge. While 43% of
 the experts were in favour, 46% were not recommending
 such a policy. Eleven percent of the participants did not
 comment on this proposal.


Considering the growth rate of economy (6%) and
 electricity consumption (10%) in the past, experts
 suggested to target a growth rate of 6-8% for economy
 and 8-10% for electricity in the next decades. This
 recommended growth rate of economy is synonymous
 with the targeted GDP growth rate of 8% during the
 10th national plan period (2002-2007) set by Govern-
 ment of India (Planning Commission, 2001). Regarding
 the growth rate of 8-10% recommended for electricity,
 this corresponds to the forecast results of the high
 growth scenario illustrated in Table 3. Although
 technically feasible, this cannot be achieved through a
 'business as usual' approach, but requires a high growth
 action in several sectors of economy and warrants a
 radical departure from the present pace of development.


By recommending this ambitious target of 8-10%


demand growth in electricity sector, the experts are
 obviously visualising a development that corroborates
 with the remarkable achievements that Kerala has
 already achieved in other areas like education, literacy
 and health care.


Regarding the influence of population, though the
 decadal growth rate of population has come down from
 14.3% (1981-1991) to 9.42% (1991-2001), the experts
 do not anticipate any consequential reduction in the
 electricity consumption, especially in the domestic
 sector. This is obviously due to the changing life style,
 family structure and increase in the rate of urbanisation
 occurring in the State, which attributes to the rapid
 increase in per-capita consumption.


6.3. Vigorous planning—apriority imperative


The planning process of the electricity sector in
Kerala is now being performed at various agencies
within the State like KSEB, Department of Power, State
Planning Board, etc. Further, they are closely influenced
by the policy measures implemented from time to time
by various agencies of Government of India like Central
Electricity Authority (CEA), Ministry of Power as well
as power producers like National Thermal Power
Corporation (NTPC), etc. The experts unanimously
agreed that the energy crisis is due to the deficiency in
the planning system. They observed that the present
energy policy of the State is sub-optimal and uncoor-
dinated and emphasised the need for an integrated
planning approach. As the issues related to the energy
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S u m m a r y of electricity
 Scenario


Business  a s  u s u a l
 H i g h  g r o w t hb


forecast for selected years
 Electricity


c o n s u m p t i o n in
 2000-2001 (actual)
 12,206


12,206


E s t i m a t e d electricity
 2005-2006


15,137
 16,949


d e m a n d in  t h e year
 2010-2011
 25,9363
 26,045


2015-2016
 25,936
 39,406


2010-2011201
 32,479
 59,842


aB u s i n e s s as usual scenario  c o r r e s p o n d s to the  n o r m a l  t r e n d in  a n n u a l  g r o w t h of  e x p l a n a t o r y variables (i.e.  a b o u t 5.6%  g r o w t h in  e c o n o m y ,  2 . 2 5 %
 g r o w t h  i n rate  o f  u r b a n i s a t i o n  a n d  4 %  g r o w t h  i n industrial  p r o d u c t i o n ) .


bH i g h  g r o w t h scenario  c o r r e s p o n d s  t o  8 %  g r o w t h  i n economy,  2 . 7 5 %  g r o w t h  i n  r a t e  o f  u r b a n i s a t i o n  a n d  6 %  g r o w t h  i n industrial  p r o d u c t i o n
 annually.


Source:  S h a r m a et al. (2002, pp.781-791).


sector have been identified by the experts not only as
 technical but also as 'socio-economic', it is evident that
 such complex issues will not yield solutions through any
 specialised prescription, but require integrated approach
 involving all spheres of development.


6.4. Non-scientific tariff


Regression analysis indicated that the electricity
 demand in all sectors is not sensitive to its present
 prices as shown in Table 2. Electricity prices in Kerala
 do not even cover its production cost. The social
 commitments and political compulsion of the State
 Government resulted in setting under-priced electricity
 tariffs extending heavy subsidy to domestic and
 agricultural sectors. It is estimated that KSEB in
 1997-1998 suffered losses to the tune of 4960 million
 Indian Rupees due to the uncovered subsidies in
 agriculture and domestic sectors (Power and Energy
 Division, 2001). Tariff is considered to be an effective
 tool to promote energy efficiency, if implemented
 scientifically. Experts participated in the survey opined
 that the present tariff in Kerala, under-pricing electri-
 city, will only act as a strong barrier to the efficient use
 of electricity. They recommend to implement a rational
 and scientific tariff structure, avoiding under-pricing
 and letting the price reflect the real cost, which will not
 only improve the financial health of the utility, but will
 also act as an effective tool for efficient use of energy.


6.5. Other barriers to energy efficiency


The experts observed that several other barriers
 prevail in Kerala that substantially hinder the efficient
 use of energy in the State. Most prominent among them
 are institutional, organisational, market-induced and
 behavioural barriers. To improve the present efficiency
 level in the utilisation of electricity, they recommend
 that the design of new buildings should be scrutinised in
 the angle of energy efficiency by local bodies before
 issuing clearance for construction. They also suggested
 that priority should be assigned to such energy-efficient


constructions for funding by agencies. To improve
 energy efficiency in domestic sector, they suggested that
 awareness programs and carefully devised incentives will
 be of help.


6.6. Energy savings potential


Fourth national power plan of CEA assessed the
 potential for savings to the order of 20-30% in
 electricity consumption through effective implementa-
 tion of energy conservation and demand side manage-
 ment (DSM) measures (Central Electricity Authority,
 1997). The experts participated in the survey opined that
 early implementation of conservation schemes are
 highly imperative in the present context of Kerala and
 more or less same level of potential for energy
 conservation exists in this State also. However, this
 may warrant an efficient action plan, implemented in a
 phased and time-bound manner. Here it is worth
 mentioning that simulation studies carried out by the
 authors showed that the requirement of capacity
 addition by the year 2020 would be about 3460 MW
 and out of this, about 900 MW can be deferred if 5%


reduction in peak load as well as 5% reduction in energy
 consumption could be achieved through effective
 implementation of DSM techniques (Sharma et al.,
 2001a, b).


6.7. Role of non-conventional energy sources


Use of non-conventional energy sources is identified
 as one of the effective options while facing scarcity of
 energy from conventional sources. But in spite of best
 efforts from the agencies of both Central and State
 Governments and of various non-governmental organi-
 sations, the use of non-conventional energy sources and
 equipment has not been well popularised in Kerala.


Making inquiry into various reasons for this, the experts
identified 'cost' as the prime factor. Even with the
limited subsidies and incentives offered by the Govern-
ment, the non-conventional technology still remains to
be economically a less preferred option. The other



(7)factors pointed out for the non-popularity are lack of
 awareness among general public, poor reliability of
 related equipment available in the market, inadequacy
 of incentives as well as the absence of an established
 marketing system to promote these energy equipments.


However, experts are optimistic that the situation may
 change and by the year 2020, it is likely that about 10-
 20% of the electrical energy requirement will be met
 from non-conventional sources of energy.


6.8. Reforms, restructuring and legislations


The reform process of power sector in India was
 initiated in 1991 with a sole objective to mobilise private
 sector resources for addition of power generating
 capacity. The salient feature of the intended reforms is
 unbundling of the generation, transmission and dis-
 tribution sectors so as to operate in a more competitive
 and efficient manner. Establishment of independent
 Central and State regulatory commission for setting
 tariff and regulating power purchase agreements also
 forms part of it. Many of the State governments have
 already initiated steps to adopt institutional reforms but
 Kerala is yet to finalise a framework in this direction.


Although doors were opened to private sector for
 power generation in Kerala since 1991 and quite a lot
 Power Purchase Agreements were signed with prospec-
 tive independent power producers (IPPs) in private
 sector, the end result was poor. The major reason for
 this is the financial ill health of the SEB, which fails to
 provide necessary confidence to entrepreneurs to invest
 in this sector. Evaluating the scenario, the experts
 participated in the survey concluded that the future
 prospects for IPPs in the State is 'poor'. This perhaps
 implies that so far as the present economic structure of
 Kerala power sector remains unchanged, further gen-
 eration capacity additions in the State have to be the
 onus of the SEB itself.


Among a set of proposed power sector reforms, the
 experts ranked the need for an integrated resource
 planning in power sector to assume the highest priority
 for implementation. According to them effective mea-
 sures to conserve energy to the maximum possible extent
 through DSM techniques as well as setting up of an
 independent State regulatory commission to set right the
 tariff-related issues also assume great priority. They
 opined that the establishment of a national power grid
 would also be of benefit to the State.


Regarding the effectiveness of existing regulations
 framed to abate the increased environmental disruptions
 associated with the setting up of new generating
 stations, there were divergent opinions among experts.


When 39% of the experts were of the opinion that the
 existing legislations are not adequate to prevent disrup-
 tions, 46% were disagreeing. However, rather than
 going for more and more environmental legislation, the


experts recommended to have the strict enforcement of
 existing legislation to reduce the environmental disrup-
 tions to a great extent.


6.9. Suggested solutions


The experts concurring with the say that 'any power is
 better than no power' recommend to avail energy at
 higher cost as a short-term measure from available
 sources. It is worth mentioning that government of
 Kerala has already resorted to such measures by setting
 up a few diesel power stations near the load centres and
 also attempted to purchase power from neighbouring
 States. But unavoidable financial burdens associated
 with such costly options have also emerged simulta-
 neously. To cite an example, due to heavy financial
 constraints, KSEB is currently unable to draw electricity
 available at a higher cost from the Naphtha-based
 thermal power station set up by NTPC in the State (at
 Kayamkulam) exclusively to meet the power require-
 ment of Kerala. Hence paradoxically, while Kerala is
 facing energy shortage, NTPC is forced to export the
 energy generated within the State to neighbouring States
 of Tamil Nadu and Karnataka. Short-term solutions, if
 adopted to perform on long-term basis, are likely to lead
 to more vicious problems that are difficult to resolve.


As a long-term measure to alleviate the energy
 shortage, they stress the need for generation expansion
 schemes—dispensing with major hydel schemes—but
 opting for small, mini and micro-hydel stations as well
 as non-hydel sources. They also recommend strengthen-
 ing of the transmission capacity. An optimal generation
 mix for the State by the year 2020 visualised by the
 experts is 40% hydel+10% mini-micro-hydel+50%


thermal, against the present combination where major
 share is contributed by hydel power stations (71%).


Here two aspects of these suggestions are worth
 discussing. As a temporary measure, the experts could
 not identify any better option other than availing power
 from expensive sources including import. In a few
 studies, it was pointed out that DSM of energy can offer
 effective immediate solutions to the electricity crisis in
 Indian conditions (Sarkar et al., 1997; Goldemberg et al.,
 1988). Adoption of effective lighting schemes including
 providing of compact fluorescent lamps (CFL) can fetch
 substantial savings in Kerala context owing to the fact
 that about 50% of the electricity consumption is in the
 domestic sector. Although the reasons for not recom-
 mending this strategy as a feasible solution for the
 present crisis could not be identified in the survey, it may
 perhaps be due to various barriers in adopting energy-
 efficient equipment, prevailing in the State.


It can be noted that as a long-term solution, experts
recommended addition of future generating capacity
from non-hydel sources, though the available hydel
potential within the State is not tapped to the maximum



(8)possible extent so far. Due to massive deforestation the
 State experienced in connection with the establishment
 of major hydel projects in the past, there is growing
 awareness on the environmental issues. Construction of
 a few major hydel power projects proposed during the
 last few years was not cleared on environmental
 grounds. Construction of one hydel project—Silent
 valley project—was abandoned due to environmental
 objections, after incurring an expenditure of 33 million
 Indian rupees towards initial infrastructure develop-
 ment. Perhaps these considerations tempted the experts
 to recommend future addition of generating capacity
 from non-hydel sources. It may be noted that the earlier
 studies conducted by these authors to evolve a 'least-
 cost' generation expansion programme for Kerala, using
 optimisation techniques, recommended capacity addi-
 tion to the tune of 1500 MW from coal-based thermal
 generation by the year 2020 (Sharma et al., 2001a,b).


The generation mix recommended in that study is shown
 in Fig. 2. The recommendation emerged from this
 survey corroborates with that of the earlier analytical
 study.


Another long-term solution suggested by the experts
 is to strengthen the transmission and distribution
 capacity. Analytical studies by the authors have already
 shown that by reducing T&D losses to a very feasible
 level of 12% by the year 2020, from the existing level of
 around 18%, the requirement of additional generation
 to the tune of about 540MW can be deferred and this
 may avoid an expenditure of about 34,000 million
 Indian rupees in the generation sector (Sharma et al.,
 2001a). Hence, as pointed out by the experts, reduction
 of T&D losses to 'bearable limits' offers one of the best
 solutions to reduce energy crisis.


Small hydel
 6%


Major hydel
 45%


LNG


1 1 % Diesel
 2%


Naphtha
 8%


Fig. 2. Percentage share of major constituents in power generation by
 2020.


7. General evaluation


The general consensus derived out of this Delphi
 study affirmed that a crisis is prevailing in the Kerala
 power sector. The experts perceived the dimensions of
 this crisis with high degree of lucidity. They could
 identify and prioritise various solutions to overcome the
 situation. Valuable recommendations on various points
 like future fuel-mix for generation expansion, power
 sector reforms, etc. also could be evolved in this survey.


The results of the survey were found to generally
 corroborate with the results of the analytical studies
 carried out earlier by the authors. The forethought on
 various aspects of the energy sector will be worth when
 framing a future agenda for the power sector.


8. Conclusion


Kerala is facing a 'real' issue of energy crisis. This
 Delphi study, which was conducted to consolidate
 expert opinion on various critical issues pertaining to
 the power sector of Kerala fetched informative and
 revealing results. The study revealed that the problems
 and their best possible solutions are almost clear.


Effective implementation of an integrated planning
 strategy for revitalising the Kerala power sector assumes
 highest priority in the present context. This is highly
 imperative to avoid an 'energy famine' in the near
 future.
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Appendix A. Example of frequencies analyses


As an example, frequencies analyses of one of the
 questions of the Delphi questionnaire is given below:


Question: 'There is an issue of energy crisis in Kerala'.


Please express your opinion on this statement.


• Crisis is serious



(9)• Crisis exists, but not serious


• It is only a minor issue


• There is no crisis at all


• Unable to comment


Statistics


N
 Mean


Std. Error of Mean
 Median


Mode


Std. Deviation
 Variance
 Skewness


Std. Error of Skewness
 Kurtosis


Std. Error of Kurtosis
 Range


Minimum
 Maximum
 Sum
 Percentiles


Valid
 Missing


25
 50
 75


46
 0
 1.3261
 0.1033
 1.3778
 1.00
 0.7009
 0.4913
 -2.174
 0.350
 10.087
 0.688
 4.00
 -2.00
 2.00
 61.00
 0.3571
 1.3778
 1.8889


Appendix B


A consolidated abstract of the questions covered in
 the Delphi survey and the corresponding statements at
 which consensus arrived are listed below.


? 'There is an issue of energy crisis in Kerala'.


Please express your opinion on this statement.


*J Consensus arrived at the option—'Crisis exists,
 but not serious'


? The present energy problem of the State is
 merely a short term disturbance, not a long term
 crisis. Do you agree?


y/ 'Disagree'


? Do you anticipate that the State will stride over
 the current crisis and by the year 2020 our energy
 situation will be good?


^ 'Likely'


? Energy consumption pattern of Kerala is the last
 part of a long chain of social decisions and
 actions. Therefore, rather than dealing energy as
 a fully technical issue, it is appropriate to discuss
 energy consumption within its complex social
 structure. Do you agree?


^ 'Agree'


? In your opinion, for a State like Kerala, what
 will be the achievable/desirable rate of growth of
 economy and energy consumption?


Economy: '6% to 8%'
 Energy: '8% to 10%'


The economic growth of the State will improve
 the energy situation and similarly the improved
 energy situation will accelerate the economic
 growth. Do you agree?


'Agree'


The rapid growth of population has been a key
 deciding factor in the over-whelming consump-
 tion of energy in the domestic sector in the past
 decades in Kerala. Do you anticipate a slow
 down in population in future due to the
 increasing educational and health standards?


'Likely'


If there is a slow down in population in future,
 do you anticipate a consequential reduction in
 the rate of growth of domestic energy consump-
 tion?


'Unlikely'


The energy crisis of the State is due to the
 absence of a total and integrated planning, by
 dividing the issue into pieces and entrusting them
 to specialists. Do you agree?


'Agree'


The State energy policy is/was sub-optimal and
 unco-ordinated. There is need for a better co-
 ordinated policy. Do you agree?


'Agree'


The present non-scientific electricity tariff is the
 most important barrier in promoting energy
 efficiency. Do you agree with this?


'Agree'


The periodic tariff revisions implemented have
 not reduced the demand growth of electricity. It
 is implied that demand of electricity in Kerala is
 not sensitive to price. A carefully devised
 electricity tariff will sensitise the demand and
 will act as an effective tool for conserving energy
 in Kerala. How far do you agree?


'Agree'


There are several barriers to the efficient use of
 energy. Four important barriers are listed below.


Please rank and classify these barriers empiri-
 cally in the order (1 to 4) of significance in
 Kerala context.


Various barriers in the order of ranks are:


• Institutional barriers


• Behavioural barriers


• Market barriers


• Organisational barriers


While according approval for new dwellings, the
design should be scrutinised in the angle of
energy efficiency also by the local bodies and
priority should be assigned to energy efficient
houses by funding agencies. How far do you
agree?



(10)'Agree'


Conducting more awareness programmes will
 lead to improvement of energy efficiency in the
 domestic sector. Do you agree?


'Agree'


In addition to the awareness programmes, a
 carefully designed taxation/incentive scheme is
 likely to improve energy efficiency in the
 domestic sector. Do you agree?


'Agree'


In a developing state like Kerala, this is not the
 apt time to stress more on energy conservation
 efforts. Do you agree with this?


'Disagree'


Fourth national power plan published by Central
 Electricity Authority assesses that savings of the
 order of 20 to 30% in electricity consumption in
 the country is possible by proper implementation
 of energy conservation and Demand Side Manage-
 ment (DSM) techniques. The same is applicable to
 Kerala also. Do you agree with this statement?


'Agree'


In spite of the efforts of the Ministry of Non-
 conventional Energy Sources (Government of
 India) and ANERT (Government of Kerala)
 non-conventional energy has not been well
 popularised in Kerala. Please rank the hindering
 factors given below.


The various hindering factors in the order of ranks
 are:


• Cost


• Awareness


• Reliability


• Incentives


• Availability


By the year 2020, according to your assessment,
 the likely percentage share of non-conventional
 energy meeting the electrical energy requirement
 of Kerala will be:


'Between 10% and 20%'


Though the doors were opened since 1991 to the
 private sector for participation in the power
 generation, the response was very poor in
 Kerala. According to your assessment, what
 are the future prospects of independent power
 producers in Kerala?


'Poor'


A series of power sector reforms are listed below.


Please rank them for implementation in Kerala.


The options in the order of ranks are:


• Integrated Resource Planning


• Demand Side Management


• Regulatory commission


• Decentralisation


• National power grid


• Private participation


By the implementation of a National Power
 Grid, the Kerala energy sector will be benefited
 considerably. Do you agree?


'Agree'


Rather than going for more and more environ-
 mental legislations, strict enforcement of the
 existing legislations will reduce the eco-environ-
 mental disruptions to a greater extent. Do you
 agree?


'Agree'


In the present economic conditions when we
 experience shortage of low cost energy, which
 will be a better policy option for the immediate
 future?


'Avail energy at higher cost'


By increasing the generation more from non-
 hydel sources and by strengthening the transmis-
 sion capacity, the energy situation can be
 improved. Do you agree?


'Agree'


Kerala has got immense small hydel potential.


Exploiting this potential will be the best medium
 term alternative to alleviate electrical energy
 shortage without causing ecological and envir-
 onmental degradation. How far do you agree?


'Agree'


The present electricity generation of Kerala is
 about 7000 MU and the generation capacity is a
 mix of  7 1 % hydel and 29% thermal energy. The
 present consumption including central share is
 about 7800 MU (1998). Studies show that in the
 year 2020, Kerala may require at least
 30,000 MU of electrical energy. In your opinion,
 which among the following will be an optimal
 mix of conventional power generation for Kerala
 by the year 2020?


'40%hydel + 10%small hydel+ 50% thermal'
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