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ABSTRACT

Energy requirements for cooking account for 36 % of total primary energy
consumption in India and non-commercial energy sources are utilized for meeting most
of the cooking energy demands. It is observed that India follows income-based ladder
starting with fuel-wood and ending with sophisticated fuels like liquefied petroleum gas
(LPG) and electricity. The diffusion of renewable energy devices is observed far below

their estimated potential.

Though the renewable energy technologies have proved their techno-economic
feasibilities from time to time, the diffusion of these technologies is still fairly low.
Therefore it is felt that, in the changed socio-economic scenario, dissemination strategies
for renewable energy devices may be devised by the energy planners and decision makers
based on a different conception of energy planning procedure involving multiple criteria.
The purpose of present research is to evaluate parabolic solar cooker (PSC), a recent
innovation in solar cooking technology on techno-economic, social, behavioral and
commercial criteria in the present Indian context in comparison with other contemporary

cooking energy devices with a view to devise strategies for its further commercialization.

To know the perceptions of different actors in the decision making process
(primary data); a survey was conducted to evaluate nine cooking energy devices available
in India. The data for quantitative criteria was taken from secondary source, mainly
published literature. Energy technology issues, economics, environmental/social,

behavioral and commercial issues are considered for the evaluation. Thirty sub-criteria
. - . <
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are considered under these five aspects for comparison of the devices. The identified
decision making groups were policy makers (Officers of the Ministry, State Nodal
Agency Officers and Manufacturers), Rescarchers, Educators and Actual Users. The
evaluation has been made using three multi criteria evaluation techniques viz. Qutranking
(PROMETHEE), Priority (AHP) and Utility (MAUT). Spearman rank correlation test is

used to assess the correlation between the various evaluation techniques used.

It is found that Liquefied Petrolcum Gas (LPG) stove is the most preferred
device, followed by Microwave Oven, Electric Oven, Parabolic Solar Cooker has
occupied fifth to sixth rank amongst the identified devices. Sensitivity analyses are also
carried out for identifying potential areas for improvement for PSC following all these
evaluations. On the basis of results, strategies for promoting wide spread use of PSC are

suggested.

More importance is given to identifying the criteria and policy issues related to
dissemination of PSC. The study uses time tasted multi criteria evaluation techniques.
The conclusions mainly relate to the policy issues in commercialization of PSC which
can be followed for other similar renewable energy devices waiting for their successful

commercialization.
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Chapter 1:Introduction

Energy is at the heart of the contemporary living and the standards of living
are thercfore closely associated with the per capita energy consumption. On the other
hand. depleting conventional energy resources warrant encrgy substitution by
renewables. Though the renewable energy technologies have proved their techno-
economic feasibilities from time to time, the diffusion of these technologies is still
fairly low. Therefore it is felt that, in the changed socio-economic scenario,
dissemination strategies for renewable energy devices may be devised by the energy
planners and decision makers based on a different conception of energy planning

procedure involving multiple criteria.

The purpose of present research is to evaluate parabolic solar cooker (PSC), a
recent innovation in solar cooking technology on techno-economic, social, behavioral
and commercial criteria in the present Indian context in comparison with other
contentporary cooking energy device, with a view to devise strategies for its further

commercialization.

This chapter introduces the topic based on brief background of cooking energy
scenario in India and prevailing devices used in Indian households, This is followed

by the need of multi criteria evaluation of PSC, objectives, scope of the research and

chapter wise overview.,

1.1. Background

Presently, 70% of India’s population lives in rural areas distributed over

580,000 villages. Domestic sector accounts for 40% of total primary energy
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consumption. A large share of this is met by non-commercial fuels such as fuel-wood,
dung, ctc. The energy requirements for cooking are 90% of total domestic

consumption (TERI, 2003).

Since cooking is carried out using both rencwable and non-rencwable fucls, a
large variety of devices are used in India. Major cooking energy source in rural areas
is biomass. Around 168 Million Tonnes (MT) of biomass is used every year for
cooking (RWEDP, 2003). Traditional low cost devices like chulhas (cook-stoves) are
widely used by rural masses. However, they have very low thermal efficiencies of 10-
15% and higher emissions (Patel and Raiyani, 1997). With the increasing scarcity of
fuel-wood, women have to walk up to 10 km and spend 3-4 hours a day for its
collection. Improved chulhas have durability of 2-4 years and require fuel-wood in
lesser quantity. Out of 23 Million improved chulhas installed in India, only 6 Million
are functional (Neudoerfler ef al, 2001). Biogas needs higher initial investment and
trained manpower for installation. Many biogas plants are non-functional due to non-
availability of water throughout the year. The problems identified for limited use of
improved chulhas and biogas stoves are operational, social and behavioral leading to
non-participation of masses (Malhotra et af, 2004). Kerosene stoves have good
thermal efficiency and benefits of simplicity and availability due to good market
network. Due to high costs and weak supply chain in rural India, only 1.3% of rural
houses use liquefied petroleum gas (LPG) as against 27.2% in urban (TERI, 2003).
There is pressure to increase the subsidy on kerosene and LPG to further reduce the
prices leading to heavy burden on overall economy of the country, Modern
alternatives such as micro-wave and electric ovens are not affordable to masses due to

high capital and operating costs and intermittent electric supply.




A significant portion of cooking energy is required at low temperatures. Solar
cookers thus offer an alternative solution for supplementing such thermal energy
requirements in addition to health, nutrition safety and economy on micro level for the
users. Solar cookers have a high potential for diffusion in the country (Vipradas and

Mathur, 2001).

From the above discussion it is clear that fuel shortages for the increased
population, over exploitation of fuel-wood resources, poor distribution network of
petroleum products in rural areas, dependence on oil producing countries, associated
pollution hazards and good availability solar radiation (Mani and Rangarajan, 1982)
have compelled the government to promote solar cookers as sustainable encrgy

technologies for decentralized population in India.

However, the users are having different perceptions about the usefulness of
these devices. There are many conflicting issues in the preference selection of any
cooking device in general and solar cookers in particular. Table 1.1 presents

perceptions of Indian populaces for various cooking sources.

Table 1.1 Users’ Perspective of Various Cooking Energy Sources

Alternative Advamtages Drawbacks

Fuel-wood Provides more heat/heavy heat Poor aesthetics
Good for cooking in bulk Produces smoke, dust, soot etc
Tasty cooking for all dishes Needs spacious and aerated
Free and ready availability kitchen

No price fluctuations
Little initial investment

Kerosene  Easy to extinguish fire Blackens utensils and produces
Little initial investment smoke
Heat and flame are controllable Price fluctuations are high
Economical for most of the dishes Black market supplies




Alternative Advantages

Drawbacks

LPG Very sophisticated and trendy
Good for fixed amount of cooking
Easy to extinguish flame and light up

Biogas Suitable for farmers and cattle

OWnNers

Electricity Suitable for modern kitchens Models

are trendy g
Sophishonitd
Controls are supplicated
Solar Fuel is free of cost
Heat Suitable for rural masses

Limited availability
Morc investment for connection
Fear of blasts and lcakage

Season dependant production
Requires water in high quantity
Requires high maintenance

Interrupted supply of clectricity
Hazardous

Cooking outside in the Sun
Not suitable for all dishes
Not available at doorstep
Unfamiliar technology

(Source: Joshi, 1999)

From the Table 1.1, it is clear that dissemination of any cooking source is

governed by many factors which not necessarily arc technical and economic but

social, behavioral and commercial in nature. Solar cookers will have to meet the

needs of end user for its successful dissemination in the masses.

Figure 1.1 shows the increasing affluence of technology in cooking energy

based on data collected on efficiency and cost from various literature sources.
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It is observed that, as families gain socioeconomic status, they abandon
technologies that are inefficient, less costly, and more polluting (Smith and
Ramakrishna, 1990; Ravindranath and Ramakrishna, 1997). An increase in available
income allows them to leave these fuels behind, and purchase technologies that are
usually more cfficient and costly, but require fewer inputs of labor and fuel, and

produce less pollution per unit of fuel.

The Indian programme of solar cookers started in 1982-83 (Rao, 1998).
However, it has met with limited success. Against the total potential of 10 Million,
only 0.5 Million solar cookers have been sold (MNES, 2003). The initiatives have
largely been in from of the national level rural and renewable encrgy programmes. A
majority of the solar cookers sold are in cities, a few in rural areas where women
suffer most from indoor air pollution from cooking. The estimates show that only
10% are being used or are in working order, the reasons being quality and reliability
of product, poor after sales service etc (Jagadeesh, 2000). Though technical quality is
necessary and is emphasized; it is not the only criteria for efficacy of solar cooker

programme.

The problem of dissemination of solar cookers compels the planners and
decision makers to identify the barriers for penetration and suggest interventions to
overcome them. It is therefore felt that, along with the necessary policy measures, the
wide exploitation of solar cookers should be based on a completely different
conception of energy planning procedure. There are various issues like technology up
gradation, economics, behavioral and commercial aspects. Thus role of different
actors in decision making thus becomes important, which warrants the planning based

on multi criteria evaluations. Moreover, the efficacy of dissemination of solar cookers

-



in general and PSC in particular in present Indian context should not be considered in

isolation but in contrast with the other cooking energy options available to the users.

This implies that the technology has to compete with conventional cooking energy

technologies.

To devise strategies for better dissemination of PSC, one of the

important aids required by planners, decision-makers is to have a comprehensive

yardstick to compare solar cookers with other cookers. In view of the above, the

objectives of present research work are given below.

1.2. Objectives

iil.

iv.

vi.

vii.

To study the present cooking energy situation in India to understand
the need of disseminating renewable energy devices;

To identify various criteria governing the usefulness of various
cooking energy devices with special reference to PSC;

To assess the relative strengths, weaknesses and constraints of
prevailing cooking devices;

To model the comprehensive usefulness of PSC on technical,
economic, social, behavioral and commercial criteria in the present
Indian context;

To compare the performance of PSC with other domestic cooking
devices on selected muitiple criteria;

To carry out sensitivity analyses of PSC to investigate its performance
with possible techno-economic and policy interventions ; and

To identify the barriers and suggest suitable strategies for further

commercialization of PSC in India.

1.3. Scope of the Study

In this study, multi criteria evaluation of nine prevailing cooking devices

indicative of all the domestic cooking energy devices has been attempted on thirty




criteria. The entire gamut of criteria selected contains nine quantitative and twenty
one qualitative criteria. The data for quantitative criteria is taken from secondary
sources mainl, from published literature. Primary data has been collected for
qualitative criteria by conducting a survey of four different decision making groups.
The study uses convenient sampling for primary data. Any study of this nature is also
subjected to uncertainty in the input data.

Three methods viz. outranking, priority and utility assessment have been used
for multi criteria evaluations. Though Brans er al. (1986) have offered six
generalized criteria functions the evaluation by outranking is mainly carried out using
usual criterion function. Evaluation by priority model uses compromising scale for
pair-wise comparison. Utility assessment is also carried out based on lincar utility

functions.

1.4. Organization of the Thesis

Chapter -1 (this chapter) gives an overview of the present research work, discussing
the advantages and limitations of prevailing cooking energy devices from the user’s
perspectives. A brief introduction to the problem under study is followed by the need
of renewable energy planning using multi criteria evaluations. It also discusses
objectives, scape and organization of the work.

Chapter-2  discusses cooking energy scenario in ihe country with an objective to
understand the underlying socio-economic factors govcrning the utilization of various
fuels/energy carriers in cooking. The trends in household energy consumption for
urban and rural areas are presented with dissemination of various fuel-device

combinations including both renewable and non-renewable devices. 1t also discusses
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the initiatives by the government for technology dissemination of solar cookers in
India. The chapter concludes with need of renewable energy devices like PSCs, its

potential benefits and a few insights into the dissemination strategics adopted till date.

Chapter -3 presents a review of literature for the present thesis. A brief overview of
literature highlighting methods and trcncis in encrgy planning is presented. The
chapter discusses applications of various multi criteria evaluations reported for energy
planning. A review of earlier evaluations of solar cookers is presented with a view o
identify the research gaps in the present literature as well as the needs of multi criteria
evaluations with special reference to PSC. The chapter leads to identification of
criteria.

Chapter -4 discusses the methodology adopted and the analytical framework for the
research work. The chapter identifies and discusses the criteria for the present
evaluation study. Detailed report on methodology adopted for survey, analysis of data
collected and computation of weightages for all the decision making groups is
discussed in the chapter. The chapter also discusses various evaluation methodologies
adopted for the study viz. outranking (PROMETHEE), priority (AHP) and utility
assessment (MAUT) techniques. The chapter emphasizes on the actual evaluation of
PSC using the said techniques.

Chapter-5 discusses the results of the present research work. 1t discusses the ranking
of PSC for various decision making groups as weil as rankings obtained by various
evaluation methodologies. The correlation coefficients between the ranks obtained
from Spearman test are also presented. Sensitivity analyses have been carried out in
this chapter to devise alternative strategies for improving the ranking of PSC amongst

the selected devices.




Chapter-6 examines the issues in commercialization of PSC under the current
dissemination iramework and suggests suitable measures to overcome the identified
parameters perceived as barriers based on the results of present research work.

Chapter-7 presents conclusions of the research. General conclusions are followed by
specific contributions of the research work. Areas that require further exploration are

identified, and the implications of the results for further dissemination are presented.

There are four appendices included in the thesis. It includes techno-economic
evaluation carried out at BITS, Pilani; the response sheets used for the survey, list of
respondents. List of publications and presentations based on present investigations is

also appended to the thesis.




Chapter 2: Cooking Energy Issues in India

Most of the Indian population lives in villages and depend upon non-
commercial fuels to meet their energy needs. Diverse urban growth patterns have led
to structural changes in economy and these have important ramifications on energy
consumption in households sector, This chapter discusses cooking energy needs in
India, trends in dissemination conventional energy devices/fuels and dissemination of
renewable energy devices with a view to understand the underlying socio-economic
factors governing the utilization. A special emphasis has been given on the

dissemination of solar cooker technology in the country.

2.1. Cooking Energy Consumption in Indian Househoids

World’s primary energy consumption in 2000-01 was 403.92 Quads against a
production of 403.44 Quads (IEA, 2003). This situation is worse in developing
countries like India. Though the primary energy consumption in India was 3% of the
world energy consumption during 2000-2001, increasing population at a rate of 2.1%
per annum has resulted in increasing gap between demand and supply of energy
(TERI, 2003). India mainly depends on coal, oil and fuel -wood for most of its energy
needs. After the first oil shock in 1973, the renewable energy sector emerged as a
crucial and dynamic component of the Indian economy (Naidu, 1996; Gupta, 2000).

The domestic sector is one of the largest consumers of primary energy (nearly
40% of total energy demand) in India and traditional sources still dominate the sector,
90% of the household energy consumption is for cooking alone. The demand for

cooking energy is increasing annually at a rate of 8.1%. Though the population of
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India can be divided into rural and urban areas, India follows an income based
cooking energy ladder starting from fuel-wood and ending at sophisticated fucls like
LPG and electricity (Reddy, 2003; Reddy and Painuly, 2004). In the household sector,
75% of energy requirements are met by fuel-wood and agriculture waste; the rest are
met through kerosene and LPG. Historical trends in household energy consumption

for the period 1950-2000 are shown in Table 2.1.

Table 2.1 Energy Consumption by Indian Households (MTOE) (1950-2000)

Fuel 1950 (%) 1960 1970 1980 1990 2000 (%) Annual
Growth
rate (%)

Fuel-wood  54.08 (82.65) 67.10 84.65 88.10 84.43 114 (75.60) 3.7

Coal/ 0.77(1.18) 1.08 136 212 203 25(1.66) 6.7

Charcoal

Kerosene 1.12(1.71) 276 348 524 5.02 12.5(8.29) 11.5

LPG NA NA NA 120 115 6.4(4.29) 358

Electricity 0.06 (0.09) 0.13 0.16 079 076 9.2(6.10) 23.8

Others 9.40 (14.37) 820 10.34 690 661 62(4.11) -2.3

Total 6543 (100) 7927 100 10435 100 151.8(100) 3.9

(MTOE- Million Tonnes of Oil Equivalent. Source: CMIE, 2001)

Table 2.1 indicates decline in share of non- commercial fuels which, in
1950 accounting for 97% of the total, declined to about 80% in 2000. The data
demonstrates the increased share of LPG and electricity as the main fuels from 0.06 %
in 1950 to 10.34% in 2000. The growth of kerosene however remained steady over

the 50-year period.

Eventhough the difference between the shares of commercial and non-

commercial fuels/energy carriers decreased substantially, it remains to be

considerable. This higher share of fuel wood and other biomass resources is a
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consequence of lower energy efficiency utilization. The demand for modcern fuels
has also increased with the changes in economy. Many households that used to
depend on fuel-wood fuels have shifted to modern energy carriers like LPG and
electricity. Major factors contributing to these shifts are the levels of urbanization,
economic development, and living standards. This has resulted in lower growth rate of

fuel- wood (3.7% per annum) while increase in growth rates of LPG (35.8%) and
electricity (23.8%).

The pattern of household energy consumption is region specific,
depends on the income of the household, availability of local resources, alternative
fuels and price of fuels, etc. There is a variation in the contribution of different
encrgy carriers in the energy mix of different income groups. Low-income
households use fuel-wood, charcoal, agricultural wastes, etc., whereas the high-
income households use LPG and electricity. Figure 2.1 indicates the share of rural

households using particular fuel/energy for cooking application.
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Figure 2.1 Share of Rural Households using Particular Fuel/Energy for Cooking
(Source: TERI, 2003)

Figure 2.2 indicates the share of urban households using particular fuel/energy for

cooking application.
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Figure 2.2 Share of Urban Households using Particular Fuel/Energy for Cooking
(Source: TER], 2003)
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The above figures indicate that middle and high income urban consumers use LPG

whereas lower income people use fuel-wood and kerosene. This trend is discernible

for both rural as well as urban areas. The contribution of various fuels/energy carriers

in each income group across rural and urban households is shown in Table 2.2.

Table 2.2 Households using Particular Fuel/Energy Carrier for Cooking (%)

Income Fuel- LPG Dung Kerosene Coal Biogas Electricity Others Total
Class wood
Rural Houscholds
Low 2924 (.16 3.85 0.24 0.61 0.01 0.00 1.37 355
Middle 3936 2.14 559 135 0.72 0.15 0.04 1.66 S51.0
High 695 3.10 1.8 .12 0.23 0.16 0.04 0.73 135
Total 7554 540 10.62 2.71  1.56 0.32 0.08 3.77 100.0
Urban Houscholds
Low 1524 5.04 1.26 7.13 2.08 0.01 0.08 1.92  32.8
Middle 6.81 28.16 0.76 13.11  2.07 0.04 0.25 1.98 53.2
High 0.25 11.01 0.04 1.50 0.10 0.00 0.08 1.09 14,1
Total 22.29 4421 2.06 21.74 4.25 0.05 0.40 4.99 100.0

(Source: Reddy, 2003)

As the data shows, in rural areas, 75.5% of households use fuel-wood while

the rest depend on dung, LPG and kerosene. The estimated annual consumption of
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fuel-wood is much higher than the recorded production in country. It is estimated that
the annual sustainable production of fuel-wood from different sources is about 122
MT which is much less than the estimated consumption of fuel-wood of 168 MT.
This gap between sustainable production and consumption of fuel-wood emphasizes
the fuel-wood problem in India. Fuel-wood cnergy use in India is 13-23 MJ per capita
per day (RWEDP, 2003). Among those households which depend on fuel-wood,
nearly 90% are from the low income and middle-income groups. In the case
of urban regions, the major fuel is LPG (accounting for 44.2%) followed by fuel-
wood and kerosene (about 22% each). One of the main reasons for this trend is the
high initial cost of devices (LPG and electric stoves) to the consumer, particularly
relative to the low cash incomes in many rural areas. Other factors include
shortages of particular fuels, lack of a distribution network, and failures of
distribution system. With increasing disposable income and changes in lifestyles,
households tend to move from the cheapest and the lcast convenient fuels (fuel-
wood, dung, etc.) to more convenient and normally more expensive ones
(kerosene) and eventually to the most convenient and usually most expensive types

(LPG, and electricity).

Statistics derived from the series of National Sample Survey Organization
(NSSO) provide information on the use of various fuels in different classes of
expenditure. Figures 2.3 and 2.4 explain the distribution of household by primary

source of energy used for cooking in urban and rural areas respectively based on the

NSSO data.
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Figure 2.3 Distribution of Households by Primary Source of Energy used for
Cooking in Urban Areas (Source: NSSO, 1998; 2001)
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Figure 2.4 Distribution of Households by Primary Source of Energy used for
Cooking in Rural Areas (Source: NSSO, 1998; 2001}

The above figures indicate that the expenditure on cooking energy has increased

between 50" and the 55" rounds of the NSSO.

The information derived from subsequent NSSO rounds also indicates similar
trends. The average monthly per capita consumer expenditure (MCPE) was Rs. 495
for rural areas and Rs. 914 for urban areas according to the 56™ round of data

collection by NSSO conducted during 1999-2000 (NSSO, 2001). The average MPCE
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for urban areas on all-India level is 85% higher than that of rural areas. An incrcasing
trend has been observed in the MPCE of houscholds on fuel and light. The total
MPCE for fuel and light in rural areas was Rs 22 according to the 51 * round of
NSSO conducted during 1995-1996 (NSSO, 1998) and this increased to Rs 41
according to the 56" round conducted during 1999-2000 ( NSSO, 2001). In urban
areas, the corresponding figures were Rs 34 in the 51 round and Rs 77 for the 56™

round.

Figure 2.5 shows a slight increase in the monthly per capita energy
consumption of fuel-wood from 1993/94 to 1999/2000 and increase in consumption of

electricity.

Percentape

Fuel-wood (Kg) Electricity Kerosene (Lit) LPG{Kg)
. tkwn)
/B Rural areas 1993/94 " @ Rural areas 199972000
‘® Urban areas 1993/94 @ Urban oreas 1999/2000

Figure 2.5 Monthly Per Capita Consumption of Energy Sources (Source: TER!, 2003)

The above figures indicate that compared to the urban households, rural
households allocate a higher proportion of their expenditure to meet their energy
needs. Therefore it is probable that the poor not only use smoky and inconvenient
fuels leading to poor health but also pay relatively higher price for reaching

comparable levels of energy use. The prices of energy products have increased faster
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compared to other commodities. This is especially hard on the poor as energy forms
the bulk of their household expenditure. The price of kerosene is subsidized with a
view to protect consumers, but the benefits of the subsidy are not directed to the poor
in particular. As a result, the subsidy is often misdirected and the relatively cheap
kerosene is often used for adulteration in the transport and industrial sector. Poor
consumers are unable to fulfill their total requirement of kerosene from ration shops
and depend in part on supplies from outside sources for which they pay higher prices.
Thus the accessibility and availability of cooking fuels at affordable prices is
becoming more difficult day by day for poor people, many of whom are outside the
modern energy system. The use of these bio-fuels causes, especially to women, much
hardship {Parikh and Laxmi, 2000; Ramana, 1999), which in economic terms are
negative externalities. In the case of bio-fuel use, time spent and hardship suffered in
fue! collection, health impact suffered from air pollution, increased burden of cleaning
utensils and ecological changes are negative externalities. Unavailability of clean
cooking fuels leads to many such problems. More over the energy transition from
dung to electricity is possible in areas where alternatives exist. The economic and
environmental impacts associated with energy transition in both urban and rural
areas represent a potent area of opportunity for individual consumers as well as

to the society (Jain, 1995). Hence there is need to explore alternative cooking options

for domestic sector.

2.2. Dissemination of Conventional Energy Technologies

There are large varieties of conventional cooking technologies available to the

Indian households. The houscholds either use commercially available fuel-device
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combinations or use traditional (non-commercial) options or both depending upon

their income, the availability of fuel and the price (Reddy, 1996; Kishore 1989).

It is also important to consider fuel-device combinations as the same f{uel; can
be used more efficiently (Gupta and Ravindranath, 1997). The same is related with
pollution levels (Mande and Lata, 2001). Table 2.3 gives percentage of heat

utilization /efficiency and life of various devices.

Table 2.3 Efficiency and Average Life of Different Fuel-Device Combinations

SrNo Fuel-device Efficiency Life
(%) (Years)

1. Wood- 3 Stone 15.7 3

2.  Wood- Traditional -3 pan 14.2 3

3. Biogas-KVIC Burner 45.1 3

4. Kerosene-Nutan 60.2 7

5. Kerosene —Perfect 404 7

6. LPG-Super Flame 60.4 20

7. Electricity-Hotplate 71.3 7

{Source: Gupta and Ravindranath, 1997)

Indoor air pollution from domestic cooking devices using coal, kerosene and
LPG, wood, dung and their processed fuels have indicated higher levels of carbon
monoxide emissions as reported in the literature (Kandpal es al 1995a; 1995b:;

Srivastava, 1997).

2.2.1. Traditional Chul/has (Cook-Stoves)

In rural households, food is generally cooked on clay or three stone stoves

called chulhas. Both single pot and multiple pot chulhas are ysed by masses. The
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chulhas use biomass as fuel and have a maximum life of 3 years. A family of 5 to 6
persons requires about § kg of fuel every day. The chulhas use only 10% of the total
heating potential of the fuel burnt in them. Another disadvantage of the traditional
chulhas is that they produce a lot of smoke, soot and un-burnt volatile organic matter,
which not only blacken the pots and the walls of the kitchen, but also pollute the
indoor air and adversely affect the heaith of the householders (Rajvanshi, 2003).
Housewives and infants are affected the most by these pollutants, because they are
maximally exposed to the smoke. Several respiratory and chronic diseases in kitchens
of developing countries have been attributed to higher levels of indoor poliution.
Acute Respiratory Infection (ARI) is one such disease responsible for death of 5

Million children below the age of 5 years worldwide every year (Vishwanathan and
Kumar, 2004).

Normally, the domestic fuel consists of dung supplemented by wood. The
former is generated in the family farm, while the latter, consisting mainly of branches
of trees, is collected in the neighborhood. The agricultural wastes like wheat stalks,
sugarcane leaves, cotton roots and stalks, wheat husk, stalks of pigeon pea, lops and
tops of fruit trees etc. are used as fuel in rural areas. Even families who can afford
modern fuels, prefer to use biomass because it is available free of cost. In forested
regions, the fuel consists almost exclusively of wood. The use of fuel-wood is
associated with drudgery in gathering and in its use leading to low quality of life apart

from adverse impact on forest and village tree resources.




2.2.2. Kerosene Stoves

Kerosene is used for cooking using a kerosene stove cither using the
pressurized or the wick stoves. Kerosene stoves oceupy o place hetween chulhas and
LPG in the cooking energy ladder. Kerosene is much easier to burn clcanly than coal,
wood or agricultural residues. Kerosene stoves are popular due to their cfficient,
quick, easily controllable, convenient features as compared to other rural cooking
devices. The equipment cost is lower and maintenance cost is very less. Lighting
kerosene stove is but tedious. On the other hand, kerosene stoves give off an

unpleasant smell. The safety of kerosene stoves is also questionable.

Kerosene is a liquid fossil fuel which comes from the refinement of crude oil.
It is rendy fuel with a specific gravity of 0.8 and flash point temperature of 38 °C.
Kerosene is distributed through Public Distribution System (PDS) and mostly used by
low-income and middle-income group families. The nominal price of kerosene has
increased from US § 12 (Rs. 355) per barrel to US § 41 (Rs.1900) per barrel between
1999 and 2000. The consumers are protected from these fluctuations by giving
subsidy which increases the burden on foreign exchange economy of the country.
Government is  providing flat subsidy of Rs. 2.45 on every liter of PDS kerosene.
The total kerosene consumption in India during 2000/01 was estimated at around 10.5
MT out of which about 60% of the total consumption was for rural areas and the rest
for urban areas. Non availability of kerosene for the households is a major issue.
Kerosene sales increased at a rate of 4.6% per annum. Kerosene stove has a major
share of 22% in urban area and only 3% in rural area; the reason being poor
distribution network (TERI, 2003). The allocation of subsidized kerosene by the

central government varies from state to state and is based on historical patterns rathe
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than on actua! demand or on consideration of relative poverty levels. The allocation
within a state depends on whether the houschold is in a rural or urban arca, and
typically on whether or not the household has taken up LPG. The lowest allocation

quantity typically is set aside for those with double-cylinder connection.

2.2.3. LPG Stoves

These stoves are trendy, easy to ignite and switch off and hence used widely
across the world. It has relatively fewer components; it is easy to achieve the correct
fuel to air mix ratio that allows the complete combustion of the product. This gives
LPG its clean burning characteristics. These characteristics lead to making LPG a
substitute for indigenous fuels such as wood, coal, and other organic matter. This
provides a solution to de-forestation and the reduction of particulate matter in the
atmosphere (haze). What distinguishes LPG from others is cylinder arrangement
which can store high amount of fuel in a small cylinder. The average efficiency of
LPG stove is estimated to be 60%. Liquefied Petroleum Gas is a general description
of Propane (C3Hg) and Butane (C4H,o), either stored separately or together as a mix.
They are so called because these gases can be liquefied at normal temperature by
application of a moderate pressure increase, or at normal pressure by application of
cooling using refrigeration. Since LPG tends to vaporize easily, it is a flammable gas
and higher safety is a must. The accidents are fatal.

In spite of a significant increase in the supply of commercial energy, the
consumption of commercial fuels such as LPG is still negligible in rural areas with
only 1.3% of households using it for cooking (TERI, 2003). The penetration of LPG
is very low in rural areas due to a variety of reasons. The main reason being its poor

distribution network and increasing cost. The beneficiary is supposed to deposit lump




sum amount as deposit and have two cylinders to manage his cooking function. In a
deregulated market, prices of LPG and kerosene are linked with international prices.
Significant fluctuations in these prices are observed recently. The nominal price of
LPG has increased from US $ 93 per MT to US § 370 MT between 1997 and 2003.
The consumers are protected from these fluctuations by giving subsidy which
increases the burden on foreign exchange economy of the country. Out of total
population of India, predominant users of LPG are from middle class and above.
Since its introduction as a domestic fuel in mid-30s, LPG consumers are increasing at
an average rate of 13% per year (Table 2.4) with current rate as 12% per year. The
number of customers of LPG was 43.6 Million till 2000 (MoPNG, 2000),

Table 2.4 Year-wise LPG Consumption in India (Past and Projected)

Period — Consumption Annual
{(x 000 Tonnes) Increase (%)

1985-86 1241 41
1990-91 2415 19
1992-93 2866 09
1994-95 3434 06
1995-96 3849 12
1996-97 4198 09
1997-98 4660 11
1998-99 5027 08
1999-00 5902 17
2000-01 6500 10
2001-02 7300 12
2006-07 10148 08
2010-11 12325 05

(Source: Indiastat, 2003)




2.2.4. Electric Hot Plates/Ovens

These are trendy and sophisticated Kitchen equipments which use electricity,
A typical hot plate is normally having 1000-2000 Wattage and thus will be consuming
-2 kWh of encrgy per hour. So is the case with ovens. The ovens require good
amount of clectricity tor pre-heating. The door opening will loose 25 to 50 degrees or

more of the thermal energy. Any breakage in the door of oven also leads to a loss of

eneray.

Due to erratic supply of electricity and higher prices of ovens, hazards and
Indian cooking habits only 2% of households having access to electricity use electric
ovens for cooking (ESMAP, 2002). A study in Karnataka has shown that the
houscholds use electric ovens/hot plates as standby which turns out to be not more
than one hour occasionally. With the increase in usage of LPG, the clectric ovens
usage has come down by 20%. A majority (90%) of the households use it as only

standby. Only 0.5% of urban houscholds reportedly use electric avens for cooking

(Murthy et al, 2001).
2 2.5. Microwave Ovens

Thesc are trendy and sophisticated kitchen equipments which use 50% of
electricity as compared to electric ovens/hot plates. Microwave ovens are popular in
higher income groups because they cook food tncredibly quickly. They are also
extremely efficient in their use of electricity because a microwave oven heats only the
food. A microwave oven uses microwaves radio waves of frequency 2,500 Megahertz

to heat food. Radio waves in this frequency range have an interesting property that
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they are absorbed by walter, fats and sugars and not absorbed by most plastics, glass or
ceramics. When they are absorbed they are converted directly into atomic motion -
heat. Metal reflects microwaves, which is why metal pans do not work well in a
microwave oven. Microwaves are not utilized much in India, the reason being the
requirement of Indian cooking habits requiring deep frying and baking. Microwave
prices were very high when they were first launched in the 1990s. This was due to
imported parts and high import duties. During 2002/03 about 213,000 microwave
ovens were sold compared to 25,000 in 1995. Indian women are increasingly
accepting the convenience offered by microwave ovens and their ability to cook many
[ndian dishes quickly. A sharp drop in prices helped by local manufacturing has made
the device affordable to Indian middle and higher income people (EIU, 2004). The
ovens however Kill fiber contents in the food and it may lead to cancerous discases

with its continuous use (Nexusmagazine, 2003).

2.3. Dissemination of Renewable Energy Technologies

in the above scenario one should be looking for the smooth and sustainable
energy supply for meeting the basic need of domestic cooking. Efforts have been
made in India to develop and disseminate renewable energy technologies such as
improved chulhas, biogas, solar box cookers (SBCs) and PSCs for domestic cooking

sector.

2.3.1. Improved Chulhas
The low and middle income masses would like to have g cook-stove which

produces blue flame, is easy to light and reduces their burden of collecting biomass
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fuel. Thus the biggest challenge to scientists is to provide a fuel and cooking stove
technology, which gives complete combustion based bluc flame for cooking.
improved chulhas aimed at enhancing the energy efficiency of biomass burning and
eliminating the smoke from the kitchen environment, have been in vogue in India
since the late 1940 (Karve er a/ , 2001; Ramana, 2001). installation of chimnecys
leading to smoke removal is seen as a remarkable plus point of this device which does
not mean that the efficiency has been increased.

To this effect Government of India initiated a National Program on Improved
Chulhas (NPIC) in 1985, through MNES. There are basically of two types fixed mud
chulhas (with chimney) and portable metal chulhas (without chimney). Within these
two categories, there are a number of different models and designs available in
different parts of the country. Around 30 models of chulhas were developed and
distributed all over the country (Usretery et al, 1995; Kishore and Ramana, 2002).
The cost of chulhas varies from Indian Rs 100-300. A minimum thermal efficiency
of 20% and 25% has been prescribed for fixed and portable chulhas respecti\lfely by
MNES under NPIC. Improved chulhas have not been disseminated in India much;
their number of installation being 35.2 Million (MNES, 2003). A recent evaluation by
National Council of Applied Economic Research (NCAER) termed the program as a
failure which led to its shelving by MNES after spending almost Rs. 150 Crores
(Kishore and Ramana, 2002).

Figure 2.6 indicates the year wise installation of improved chulhas in India.
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Figure 2.6 Year-wise Installation of Improved chulhas in India
(Source: Purohit ef al, 2002; MNES, 2003)

2.3.2. Biogas Stoves/Plants

The gaseous fuel can be produced as biogas from the existing biomass
sources. The biogas is a mixture of methane and carbon dioxide. It is produced in
fived and floating drum digesters which are locally built up by the farm and cattle
owners. There are six designs of biogas digesters in use. However, the oldest design is
still in use. The biogas plant requires considerable amount of cow-dung and other
nitrogenous material. The biogas stoves inside the kitchen are connected to biogas
digesters outside the kitchens via pipelines. Biogas cannot be liquefied and requires
very high pressure (> 100 atmospheres) to compress it s that it can be used over
extended periods. The development of extremely efficient biogas reactors and
appropriate storage materials which could store biogas at low pressures are the
challenges before scientists. This will lead to the production/unit of biomass inputs
and its extended use.

The biogas is produced very inefficiently in fixed and floating dome systems

and is not suitable for a household with less than 3-4 cattle. Besides there are
‘ r
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probiems of improper mixing inputs like biomass, night soil, cow-dung ctc and gas
production during winter.

Biogas is used extensively in rural areas of India. Though the use of biogas is
increasing at a brisk rate, it is not been able to replace traditional chulhas. According
to a survey conducted by United Nations’ Food and Agriculture Organization-
Regional Wood Energy Development Programme (FAG-RWEDP), increase in biogas
energy consumption in [ndia during 1981 to 1991 was 30.4% (RWEDP, 2003).
Government has been supporting biogas use since 1981, through National Programme
on Biogas Development (NBPD) and the number of installed biogas plants at the end

of March 2003 was 3.5 Million (MNES, 2003). Figure 2.7 shows the dissemination of

biogas plants in India.
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Figure 2.7 Year-wise Installation of Biogas Plants in India
(Source: Purohit e af, 2002; MNES, 2003)

2.4. Solar Cooker Programmes in India

One more option to meet the cooking energy crises is to use renewable energy
based gadgets such as SBCs and PSCs. India has a solar radiation of 700 watts per
square meter and 250 sunny days in a year. This makes a unique destination for a

good potential for energy substitution (Mani and Rangarjan, 1982). Cooking for
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centuries has been carried out using fire. But side-by-side partial cooking ol food
using the Sun was also successfully carried out in India. With the successful
application of solar energy for cooking food, a new era began in the carly [(iltics in
India. The history of solar cooking dates back to 18" century when Nicholas dc
Saussare firstly used it. Several models have been developed to suit to variety of
people. It is estimated that out of the entire solar cookers sold worldwide about 2/3™
are box 1ype and rest are concentrating type (Kundapur, 1998).

Ministry of Non-conventional Energy Sources is a primary agency promoting
SBCs through State Nodal Agencics (SNAs) since 1983-84. Different types of solar
cookers developed so far include SBCs, solar cooker with electrical back-up,
domestic and community PSCs steam cooker, solar meal maker with heat storage,
bow! type, heat pipe and solar steam cooking systei etc. The primary focus however
has been the SBC programme due Lo its various advantages over the others. Financing
through local banks, co-operative societics and Indian Renewable  Encrgy
Development Agency Ltd. (IREDA) are also features of the solar cookers programme
of government of India (Bakthavatsalam, 2001; Majumdar, 2000; Natarajan, 2000).

[n spite of significant success reported in case of biogas plants, improved
chulhas, solar cookers dissemination level is far below the estimated potential of 10
Million (MNES, 2003). With low cducational levels and poor purchasing power, the
dissemination of these devices remains a tough task (Kumar er af, 2003; Peter et al,
2002). But purchasing power need not be the only criterion for

choice/selection/preference of cooking device.




2.4.1. Box Solar Cookers

A SBC is an insulated container with a multiple or single glass (or other
transparent material) cover. Solar coeker works on the principle of greenhouse effect.
In this, the transparent glazing permits passage of shorter wavelenpth solar radiation
inside the cooker. But the glazing is opaque to most of the longer wavelength
radiation coming from relatively low temperature heated objects, i.c. walls of the
container. Mirrors may be used to reflect additional solar radiation into the cooking
chamber. The inner part of the box is painted black. Up to four black painted vesscls
are placed inside the box with the food to be cooked. The cooker takes 1% to 2 hours
to cook items such as rice, split pea and vegetables. The cooker has also been used to
prepare simple cakes, roast cashew nuts, dry grapes, c¢te. It is an ideal device for
domestic cooking during most of the year except the monsoon season and cloudy
days. It however cannot be used for frying or baking. Aluminium and fiber reinforced
plastic SBCs are available in 60 x 60 cm, 50 x 50 cm and other sizes. The SBC can
save about 25% of yearly cooking energy budget if used continuously.

Some manufacturers have come up with new models of solar cookers with
clectrical backup and various other added features. Salient features of these cookers
are light weight adding to convenience, very nominal electricity consumption, and
good aesthetics with inbuilt thermostat, light indicators and seamless stee]l vessels.
Cooker with an electrical back up has the advantage of cooking food during non-
sunshine hours/cloudy days with very nominal consumption of electricity. The cost of
the cooker varies from Rs. 1000 to 2500 depending on its size and features. A normal
size family cooker is sufficient for a family of 4 to 5 members. It has a life of |5 to 20

years has a pay back period of 3 to 4 years (MNES, 2003),




To maintain the quality of solar cookers manufactured, standard specifications
are developed and provided to all manufacturers and these arc now approved by the
Bureau of Indian Standards (BIS, 2003). Six Regional Test Centers were also
established in various paris of the country apart from the Solar Energy Centre,
Gurgaon as National Referral Centre for certifying the product of various
manufacturers as per 1SI specifications (Kumar ef al, 1995). The manufacturers are
asked to get their product tested from these test centers before supplying solar cookers
to various SNAs and only those manufacturers are who get their product certified
from these test centers are eligible for subsidy if any.

Solar box cooker is an alternative food cooking device used by 5,41,000 users
in India. It is being disseminated in India since last 20 years. The basic objective of
SBC programme is market development and commercialization of these cookers for
meeting substantial cooking energy needs of rural and urban people. To promote
these cookers initially an amount of Rs. 150 was provided as central subsidy by the
Ministry on sale of each unit to the user which continued till the end of March 1994,
In addition to this subsidy many states provided an additional subsidy of an equivalent
amount or more. The SBCs were therefore available to the users at the price between
Rs. 450 to Rs. 600 in the beginning which increased to Rs. 850 to Rs. 1250 in due
course of time after withdrawal of central subsidy. The state subsidy (though reduced)
is still continued in many of the states without which the cost of the cooker would
have been more. The sale of SBC was made by the nodal agencies through their
district network. In order to give market orientation to the programme, the central
subsidy on solar cookers is withdrawn from April 1994, A new Strategy aiming at
adoption and speedy commercialization of solar cookers is now adopted. Under this

strategy, manufactures are allowed to make modifications in the cooker design to be
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more attractive and user-friendly. The sale can be made both through SNAs and
directly by manufacturer through their own network. The idea is to develop the
market force to come up with different models of solar cookers suitable to various
groups of people living in different regions of the country with varying food habits
and sell them through their own network like other consumer durable products. For
this, financial assistance is being provided to SNAs for promotional activities on
solar cookers such as publicity awareness, cooking demonstration/competitions,
training, developing market network and repair/servicing facilities, sales outlets etc.
This support is further being extended to manufacturers and NGOQ's for these
activitics through SNAs. To manufacturers, the support is, being provided on 50 %
cost sharing basis. Around 40 manufacturers are involved in fabrication of solar
cookers having a production capacity of about 1,00,000 cookers per annum. In
addition to this, under an interest subsidy scheme of MNES, interest free loans are
made available through IREDA to bulk users for supplying cookers to their
employees and to the intermediaries for offering loans to individuals/providing
cookers to hire-purchase basis. Soft loans at lower interest rate are also made
available to manufacturers for purchase of equipments/machinery for the purpose of
manufacturing and testing of solar cookers. Arrangements have been made with
commercial banks to provide interest free loans to individuals for purchase of solar
cookers which could be repaid on monthly installment basis in the year’s time. With
these arrangements around 5,41,000 SBCs, 630 PSCs and 6 solar steam cooking
systems have been sold/ installed in the country till March 2003 (MNES, 2003). The

dissemination of various solar cookers till 2002 is as shown in Figure 2.8.
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Figure 2.8 Year-wise Installation of Solar Cookers in India
(Source: Purohit ef af, 2002; MNES, 2003)

2.4.2. Parabolic Solar Cookers

There are technological limitations for achieving high temperature without
concentration of solar radiation. With the concentration of solar radiation at a point,
the total energy flux can be increased beyond 1 kW/m? (Duffie and Beckman 1991).
Parabolic Solar Cooker is used for concentrating solar radiation on the pot. Thus PSCs
can cook food in much shorter duration as compared to SBC. However, it needs
continuous tracking of the Sun to focus light on the cooking pot which adds' to the
cost. The beneficiary has to stand in the sun while food is cooked with solz;r cooker.

Also only one item can be cooked with solar cooker at a time unlike SBC .

The device under consideration in the present thesis is PSC with aperture
diameter of 1.4 meter and focal length 0.28 meter. The reflecting material used for
fabrication of this cooker is anodized aluminum sheet, which has a reflectivity of over
75%. The tracking of the cooker is manual and thus has to be adjusted in 15 to 20

minutes during cooking time. These cookers can deliver 0.6 kW of thermal
, . power
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with a thermal efficiency of 55-60% and stagnation temperature (vessel bottom
temperature without any foodstuff) of 350-400° C. The cooker is thus useful for
boiling, roasting, frying, baking ctc. operations. The cooker is user friendly, portable,
convenient and can meet the needs of around 15 people (Ramachandran and Vardhan,
1999). The cooker can be easily dismantled and assembled by anybody and thus may
be nicely packed and transported anywhere in the country, The cooker is user friendly
as the place of vessel to be kept for cooking is at a level, which is convenient for the
people to use. The technology has been tested in India at the Technical Back Up
(TBUs) units of MNES across the country and few universities and premier

institutions (Singhal, 1998). Appendix I describe techno-economic evaluation carried

out at BITS, Pilani.

The cost of PSC may vary from Rs. 3,500 to Rs. 7,000 depending on the type
of reflectors used and the salient features provided by the manufacturers. The cookers
with imported reflectors having a reflectivity of over 90% will have a higher cost,
This cost includes the cost of accessories like pressure cooker, cap, hand gloves,
goggles, cooker manual, packing etc. These cookers have average life of 20 years for
the metallic parts and 5 years for the reflector material. More than 100 domestic PSC

of this kind been sold and the growth is exponential (Gadhia, 2001), The said device

is shown in Figure 2.9.




Figure 2.9 Domestic Model of Parabolic Solar Cooker

2.4.3. Community Solar Cookers

The unique feature of these cookers is that it is possible to cook using solar energy
within the kitchen itself. The typical system consists of a large (7-8 mz) —_
made of small pieces of acrylic mirror sheets fixed outside the kitchen tracking
automatically the Sun and sending the reflected solar rays in the kitchen (focal length
3 m) through a small window in the wall and the secondary reflector made of
aluminum foil concentrating the rays on the bottom of the cooking pot painted black.
The reflectance of main reflector and secondary reflector is (.75 and 0.65
respectively. The stagnation temperature attained is as high as 650 °C which p—

that the food is cooked in a shorter time unlike SBC. It therefore acts ke a
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conventional cooking device with the difference that instead of conventional cooking
fuel like gas, electricity or firewood, the food is cooked with the help of solar energy.
The salient features are suitability of cooking for about 40 to 50 persons twice a day
where radiation is available in plenty, automatic & simplified tracking using clock
mechanism, manual seasonal adjustments of tracking and multiple uses. These
cookers are also called Scheffler Cookers.

Presently about 230 Scheffler reflectors are in use all over the world for mainly
cooking (Gadhia, 2004). Like SBC, reflectors are made from locally available
materials. Mobile solar kitchen is used as an energetically self-sufficient catering unit
for parties, fairs, etc. Its capacity is sufficient for about 30 meals. More than 70 such
community solar cookers are put in the field for testing/demonstration/use in India.
There are 15 manufactures of these solar cookers in India (MNES, 2003). Table 2.5

shows the cost economics of PSCs.

Table 2.5 Economics of Parabolic Solar Cookers

Particulars Domestic Model(PSC)  Community Model

(Scheffler)

Useful for Smalli establishments Community Kitchens
and homes

Savings potential 10 Cylinders/Year 30-40 Cylinders/Year

Approximate cost Rs. 7000 Rs 50,000

Life 20 years 20 Years

Payback period 1.5-3 Years 5-6 Years

(Source: MNES, 2003)




2.4.4. Solar Steam Cooking Systems

The solar steam cooking system comprises of automatically tracked parabolic
(Scheffler) concentrators, steam header assemblies with receivers, steam pipelines,
feed water piping, steel structures and civil works, instrumentation like pressure
gauges and temperature indicators, steam separators, steam traps etc. It is generally
hooked up with conventional steam generating system already available with the user
to make it reliable under all climatic conditions. There are nine such systems installed
till date. Table 2.6 gives the details of such installations in the country.

Table 2.6 Details of Solar Steam Cooking Systems in India

Sr Location Noof Cooking  Approx
No Collectors  Capacity Cost
(People  (Lac Rs)
/day)
1 Tirumalla Tirupati Devasthanam, 106 15,000 109
Tirupati A. P.
2 Shri Sai Baba Sansthan,Shirdi, M S 40 3000 32
3 Brahmakumari’s Hubli, Karnataka NA 600 9.40
4 Brahmakumari’s Gurgaon, Haryana NA 2000 23.97
5 Brahmakumari’s Talleti, Rajasthan 24 1000 25
6  Brahmakumari’s Talleti, Rajasthan 84 10,000 55
7 Rishi Valley School, Chittoor, A. P. NA 500 9
8  Sangi Industries , Hyderabad, A. P. NA 500 NA
9  Rishi Sanskriti Vidya Kendra, Bangalore, NA 500 NA
Karnataka

(Source: Gadhia, 2004)

The above discussion reveals the role of cooking energy in sustainable energy
management in-the Indian households. There are varioug Options to meet the end user

needs using both commercial and non-commercia) energies. Traditional fuel-wood




utilization must be minimized with better dissemination of improved chulhas,
biomass and biogas development. India with a large decentralized population is an
ideal location for disseminating renewable energy technologies. However, the
dissemination has been far below the potential and there is need to think of energy
planning with a different conception. Better dissemination will have economic
impacts on individual consumers as well as to the society and will reduce human
drudgery. A considerable amount of socio-economic gains can be reaped with better

dissemination of various cooking energy alternatives such as solar cookers.




Chapter 3:Literature Review

This chapter presents an overview of literature on two major issues for the
present research work. A review of literature on multi criteria evaluation techniques
and their applications to energy planning is presented here with a view to identify the
trends in energy planning and to ensure the applicability of these multi criteria
evaluations to the present problem. A review of solar cooker evaluations reported so
far is also presented to identify the attributes for multi criteria evaluation of PSC and

suggest suitable strategies for its further commercialization.

3.1. Introduction to Multi Criteria Decision Process

Muiti Criteria Decision Making (MCDM) is the process of making decisions
in the presence of multiple objectives. A decision-maker is ofien required to choose
among quantifiable or non-quantifiable and multiple criteria. The objectives are
usually conflicting and therefore, the solution is highly dependent on the
preferences of the decision-maker and must be a compromise. In most of the cases,
different groups of decision-makers are involved in the process. Each group brings
along different criteria and points of view, which must be resolved \within a
framework of understanding and mutual compromise. These methods are superior to
traditional single criteria decision making which are normally aimed at
maximization of benefits with minimization of costs. The basic multi criteria

decision process is as shown in Figure 3.1.
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Figure 3.1 Multi Criteria Decision Process

As shown in the Figure 3.1, a decision maker is supposed to select an
alternative course of action amongst the available options. The options are formulated
either by using one or more techniques of operations research or are predefined. The
decision process selection involving different stakeholders is followed by
performance evaluation of the options which are often called as alternatives. The
performance evaluation exercise requires selection of criteria and decides the
importance (weightages) of the criteria termed as decision parameters. In the days of
corporate decision making a lot of mulii criteria evaluation methods based on

scientific principles have come to the rescue of the decision makers. Once the ranking
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of options has been carried out the decision maker will be evaluating his decision by
sensitizing the options to variation in decision parameters before the final decision is

taken. These methods are more beneficial because they....

i. provide better understanding of inherent features of decision problem

involving conflicting and multi dimensional objectives;
ii. promote the role of participants in decision making process;
iii. facilitate compromise and collective decisions;

iv. provide a good platform to understand the perception of models’ and

analysts’ in a realistic scenario;

v. improve quality of decisions by making them inore explicit, rational and

efficient; and

vi. help in negotiating, quantifying and communicating the priorities.

The methods however have disadvantages of ‘information pollution’, if the
decision making groups are not representatives of community, inconsistencies in data,
tedious computations etc. These demerits can be overcome by validating the results
by a few more methods, tactically identifying the decision making groups lor

eliminating bias and the use of computers.

Applications of these evaluations include a wide variety of arcas such as
integrated manufacturing systems (Putrus, 1990), evaluations of technology
investment (Boucher and McStravic, 1991), water and agriculture management
(Ozelkan and Duckstein, 1996; Raju and Pillai, 2000) in addition to energy planning

(Huang and Poh, 1995).




3.2. Overview of Multi Criteria Evaluation Techniques

Multi Criteria Decision Making is a branch of a general class of operations
research models which deal with decision problems under the presence of a number of
decision criteria. This class is further divided into multi-objective decision making
(MODM) and multi-attribute decision making (MADM) or multi-criteria decision
making (MCDM) (Climaco, 1997; Triantaphyllou er al, 1998). There are several
methods in each of the above categories. Priority based, outranking, distance based
and mixed methods are also applied to various problems. Each method has its own
characteristics and the methods can also be classified as deterministic, stochastic and
fuzzy methods. There may be combinations of the above methods. Depending upon
the number of decision makers the methods can be classified as  single or group
decision making methods. Decision making under uncertainty and decision support
systems (DSS) are also prominent decision making techniques (Gal and Hanne,

1999).

In MODM, the alternatives are not predetermined but instead a set of objective
functions is optimized subject to a set of constraints. In MCDM, a small numl;er of
alternatives are to be evaluated against a set of attributes which are often hard to
quantify. The best alternative is usually selected by making comparisons between
alternatives with respect to each attribute. Different multi criteria evaluation

techniques are described below.

Weighted Sum Method (WSM) is the most commonly used approach, in
single dimensional problems. The total value of each alternative is equal to the

addition of products. Difficulty with this method emerges when it is applied to multi-

dimensional problems {Solnes, 2003). Weighted Product Method (WPM) takes




into account the multiplication instead of addition. Each alternative is compared with
the others by multiplying a number of ratios, one for each criterion. Each ratio is
raised to the power equivalent to the relative weight of the corresponding criterion. [n
maximization case the ratio has to be more than unity. The best alternative is the one

that is better than or at least equal to all the other alternatives (Chang and Yeh, 2001).

Preference Ranking Organization METHod for Enrichment Evaluations
(PROMETHEE) is based on outranking principle where an attempt is made to find
the relative strengths of one alternative over all the other alternatives. It computes
Multi Criteria Preference Index (MCPI) which indicates aggregate strengths of the
alternative over its weaknesses (Brans et al. 1984; 1986; 1990). Detailed discussion of

this method is presented in section 4.5 (evaluation by outranking).

The Elimination and Choice Translating Reality (ELECTRE) method belonging
to outranking class of multi criteria evaluations is capable of handling discrete criteria
of both quantitative and qualitative in nature and provides complete ordering of the
alternatives. The problem is to be so formulated that it chooses alternatives those are
preferred over most of the criteria and that do not cause an unacceptable level of
discontent for any of the criteria. The concordance, discordance indices and threshold
values are used in this technique. Based on these indices, graphs for strong and weak
relationships are developed. These graphs are used in an iterative procedure to obtain
the ranking of alternatives (Roy, 1985). It only produces a core of leading
alternatives. This method has a clearer view of alternatives by eliminating less
favorable ones, especially convenient while encountering a few criteria with large

number of alternatives in a decision making problem (Goicoechea ef g7 1982)




The Technique for Order Preference by Similarity to Ideal Solutions (TOPSIS)
developed by Huang and Yoon (1981) as an alternative to ELECTRE. The basic
concept of this method is that, the selected alternative should have the shortest
distance from negative ideal solution in geometrical sense. The method assumes that
each attribute has a monotonically increasing or decreasing utility. This makes it easy
to locate the ideal and negative—ideal solutions. Thus, the preference order of
alternatives is yielded through comparing the Euclidean distances. The best
alternative is one which has the shortest distance to the ideal solution and longest

distance to negative ideal solution.

Analytical Hierarchy Process (AHP) decomposes a complex problem into a
hierarchy with goal (objective) at the top of the hierarchy, criterions and sub-
criterions at levels and sub-levels of the hierarchy, and decision alternatives at the
bottom of the hierarchy (Saaty, 1980; 1992). Elements at given hierarchy level are
compared in pairs to assess their relative preference with respect to each of the
elements at the next higher level. The method computes and aggregates their
Eigenvectors until the composite final vector of weight coefficients for alternatives is
obtained. The entries of final weight coefficients vector reflect the relative impm:tance
(value) of each alternative with respect to the goal stated at the top of hierarchy.
Decision maker may use this vector due to his particular needs and interests, Detailed

discussion on the method is presented in section 4.6 (evaluation by priority).

Compromise Programming (CP) defines the best solution as the one in the
set of efficient solutions whose point is at the least distance from an ideal point. The

aim is to obtain a solution that is as closed as possible to ideal (Zeleny, 1982),




Multi-attribute Utility Theory (MAUT) takes into consideration the decision
maker's preferences in the form of utility function which is defined over a set of
attributes. The utility value can be computed by determination of single attribute
utility functions followed by verification of preferential and utility independent
conditions and derivation of multi-attribute utility functions. The utility functions can
be of either additively separable or multiplicatively separable with respect to single
attribute utility (Keeny and Raiffa, 1976; 1993). Detailed discussion on the method is

presented in section 4.7 (multi attribute utility assessment).

3.3. Review of Multi Criteria Evaluations in Energy Planning

3.3.1 Trends in Energy Planning

A look at energy planning during the seventics reveals that the efforts were
directed primarily towards energy models exploring the energy-economy relationships
established in the energy sector. The main objectives followed were to accurately
estimate future energy demand. Single criteria approach aimed at identifying the most
efficient energy supply options at a low cost was popular (Samouilidis and
Mitropoulos, 1982; Meirer and Mubayi, 1983). Multi-objective linear programming
was also popular in energy planning with conventional fuels in seventies. It was used
for illustrating trade-off between environmental and economic parameters and for
assisting in the selection of compromise solutions (Kavrakoglu, 1983; Schulz and
Stefest, 1984). After the oil shock of 1973, a thought was given for energy
conservation and energy substitution. In the eighties, the growing environmental
awareness has slightly modified the above decision framework (Nijcamp and

Vaolwahsen, 1990).




The need to incorporate environmental and social considerations in energy
planning resulted in the increasing use of multi criteria approaches. Energy
substitution bv renewables has been given a thought worldwide. Despite of
considerable technological development and their increasing competitiveness with
respect to conventional fuels, the contribution of these sources is very low. This
compels the planners and decision makers to identify the barriers for penetration and
suggest interventions to overcome them, It is therefore felt that, along with the
necessary policy measures, the wide exploitation of sustainable energy should be
based on a completely different conception of energy planning procedure. Since the
promotion of renewable energy sources involve multiple actors such as policy makers,
researchers, investors and actual users, their role in decision making becomes

important which warrant methods of group decision making.

3.3.2 Review of Applications Areas

Multi criteria evaluations have been applied to a variety of application areas in
energy planning such as renewable energy.planning, energy resource allocation,
planning for energy projects, building energy management, transportation e;lergy
management, electric utility planning and other areas. Classical review by Hobbs and
Meirer (1994) presents the comparison of different multi criteria evaluations
applicable to energy planning reported in the literature. Huang and Poh (1995)
discussed the methods used in energy and environmental modeling under
uncertainties on similar lines. The commonly applied multi criteria evaluation
methods out of the above discussed methods are AMP, PROMETHEE, ELECTRE,

and MAUT. Applications using fuzzy methods and muiti-objective optimization are




also reported in energy planning. Validation of alternative strategies using one or
more methods is commonly reported in the literature (Karni e a/, 1992; Mirasgedis

and Diakoulaki, 1997; Saliminen et af, 1998).

The application areas presented in this chapter have common features of
minimization of cost benefit ratios, high degrees of uncertainties in formulating the

problems, incommensurable units and need to handle socio-economic aspects.

3.3.2.1. Renewable Energy Planning

The multi criteria evaluations have been widely used in renewable energy
planning. The features of applications reported for renewable energy planning are
compilation of feasible energy plan, dissemination of various renewable energy

options and evaluation of alternative energies.

Evaluation of new energy systems in Taiwan has been attempted by Tzeng ef
al (1992) using PROMETHEE 11 outranking techaique to evolve pre-ordering of the
alternatives. The entire evaluation was based on 14 decision makers selected from
four groups such as Energy Committee of Taiwan, Taipower Company, Chinese
Petroleum Corporation and educators at Energy Research Institute. Georgopoulou ef
al (2003) have developed DSS for group decision making for renewable energy based
on PROMETHEE Il framework of outranking method. Georgopoulou ef al (1997,
1998) and Cormico et al (2003) are of the opinion that regional energy planning is a
multi actor and multi criteria problem especially for power generating systems. The
authors have proposed ELECTRE IIl outranking framework for renewable energy
planning for Greek islands. The actors involved in decision making are government

top officials, project interveners, shadow actors as public and intermediaries, A
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comparison of fuzzy set theory and ELECTRE III for energy planning has been
attempted by Beccali et al (1998, 2003). The study however has indicated that both
the methods can give consistent results and non-quantifiable parameters can also be

taken care by the outranking method.

Psarras et al (1990) have used multi objective programming method for large
scale energy planning model. The authors have used hierarchical decision process for
ranking the alternative courses of action. Analytical hierarchy process has been also
employed for rural energy planning for China (Xiachua and Zhenmin, 2002),
domestic solar hot water heating and desalination system evaluations in Jordon
(Mamlook et al, 2001, Mohsen and Akash, 1997; Akash e/ al, 1997; Elkarni and
Mustafa, 1998). Mamlook et al (2001) compared different power generating options
for Jordon by using neuro-fuzzy programming approach. The authors have considered
fossil fuel power plants, solar, wind and hydro power plants for their analysis.
Ramanathan and Ganesh (1994) have done multi objective analysis of cooking energy
alternatives. Fifteen cooking energy sources have been considered using nine
objectives representing energy-economy-environment system. The authors have
suggested alternative strategies for national level energy issues. The study however
has considered certain hypothetical options like solar photovoltaic electricity, fuel-

electricity, biogas-electricity, diesel-electricity as cooking energy alternatives.

Skikos and Machias (1992) have presented an innovative fuzzy multi criteria
evaluation approach to evaluation of wind sites. Fuzzy Site Index has been developed
by the authors to evaluate and classify the potential wind sites. Mamlook e a/ (2001
have evaluated various solar system applications using fuzzy set methodology. The

study considers cost benefit analysis for evaluating the solar systems, Efficiency
3
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reliability, social benefits, safety and various costs like hardware, maintenance,
auxiliary stems etc are considered in the evaluation. Hierarchical evaluations have
been commonly applied to renewable energy planning applications, followed by

outranking evaluations. A few utility assessment applications have been also reported.

3.3.2.2. Energy Resource Allocation

The features of energy resource allocation are need of investment planning,

energy capacity expansion etc.

Lootsma et al (1990) used multi criteria evaluations for long term energy
planning and allocation. The authors have evolved multiple scenarios but proved that
preferences for certain strategies do not depend upon scenarios. The experts identified
for the evaluation were authors themselves and working group on energy scenario
analysis. Jones er al (1990) developed a multiattribute utility value model to study
various energy options for UK. Their model was adopted from the simple multi
attribute rating technique for multiattribute utility measurement. This consists of ten
steps, such as identification of stakeholders, options for action, attributes, empirical
indicators, ranking of attributes, rating of attributes in importance-preserving ratios,
scaling of ratings, scoring options on each attribute, calculation of utilities and finally
the decision. Sustainability indicators for economic and environmental resources
problems have been devised by Afgan and Carvalho (2002). The authors have used
multi-objective optimization followed by multi criteria assessment of power plants.
Sustainability assessment for desalination of solar distillation has been attempted by
Afgan et al (2000) by developing 2 multi criteria sustainability index for such type of
plants considering all quantifiable criteria. Energy resource allocation by multi

objective programming has been attempted by Ramanathan ang Ganesh (1990, 1995)
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and Iniyan and Sumathy (2000) for Madras (India) to suggest an optimal mix of
renewable and conventional energy for the said city. Sinha and Kandpal (1991) have
devised optimal mix of energy technologies for cooking sector of India by employing
multi objective optimization. Mezher er a/ (1998) have applied multi objective goal
programming for energy resource allocation in Lebanon. The allocation has been
analyzed for energy-economy-environment point of view to give a thought to costs,
efficiencies, and energy conservation and eco-friendly energy options. Japan’s power
generating mix has been analyzed by Amagai and Leung (1989) using these methods.
Similar approach has been presented by Psaras ef af (1990) have developed large
scale energy supply linear programming model using multi objective techniques using
multiple criteria. A progressively efficient solution to energy planning has been
proposed for Greece. Chedid er al (1999) have used fuzzy multi objective linear
programming approach to energy resource allocation problems. Nine resources and
six household end uses are considered for evaluation in the study. The fuzzy
techniques provide decision makers with more flexibility in dynamic environment.
Multi objective linear programming and fuzzy methods have been extensively
used in energy resource allocation. Hierarchical evaluations are normally used once

the alternatives are generated in the said area. Very few applications of outranking

and other methods are reported.

3.3.2.3. Building Energy Management

Applications reported for building energy management normally include
quantitative criteria. Design, selection, and installation of building energy
management systems are addressed in a multi criteria context, Multi-objective

optimization also finds applications in building energy Management (Blondeay and
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Allard, 2000). The issues identified are building material design (Wright ef al, 2002),
building performance design  (D’Cruz and Radford, 1987; Flourentzou and Roulet,
2002), building arrangement design (Klemm et al, 2000), and building shape design
(Marks, 1997; Jedrzejuk and Marks, 2002).

Decision support systems (DSS) are also used for building energy management.

However basic methodology was found to be multi -objective optimization in the

reported literature.

3.3.2.4. Transportation Energy Management

Pollution control, elimination of old polluting vehicles, choosing between
private and public transport featuring high concerns for socio-economic reasons are
the key features of transportation system applications. Tzeng and Tsaur (1990) have
applied combine hierarchical and outranking approach to old vehicle elimination in
Taiwan. In this study the weight factors have been calculate by using pair-wise
comparisons based on AHP. The decision makers were from environment protection
field, energy field, implementers of the project and five representatives from the
population. Tzeng and Shiau (1987) analyzed energy conservation strategies for
transportation sector of Taiwan using ELECTRE III approach. Bowman and Mall
(2002) have compared various passenger transportation systems using multi criteria
evaluation considering space, time, cost etc. Analytical hierarchy process has been
also employed for rural energy planning for China (Xiaohua and Zhenmin, 2002),

transportation energy planning for Delhi (Yedla and Shrestha, 2003).

The transportation system applications have either used hierarchical methods or
used outranking methods for their analyses of alternative strategies (Brand er qf

2002).
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3.3.2.5. Project Planning

The objectives of arriving at a Pareto optimal solution for technology selection,
sizing, execution, and investment planning and site selection are normally addressed
by decision makers in project planning (Gandibleux, 1999). The application areas
have common features of higher investment costs, higher project durations,
conflicting objectives and uncertainty. Energy security and social benefits are
prominent objectives in energy planning with these methods. Group decision making
framework by assessing multi criteria analysis has been attempted by Harlambopoulos
and Polatidis (2003). The authors have used PROMETHEE Il outranking approach to
exploitation of geothermal energy resource. Goumas ef al (1999) have used multi
criteria evaluations for planning, designing an evaluating geothermal energy projects
on technical, economic, social and environmental criteria using the PROMETHEE |
framework. Fuzzy PROMETHEE II has been applied by Goumas and Lygerou (2000)
for ranking of alternative exploitation projects. The approach has been found to be
more realistic and capable of producing more reliéblc results. In both the cases three
categories of decision makers were identified which were stakebolders in the projects.
Barda et al (1990) have considered technical, economic and environmental criteria for
location of thermal power plants. The role of multiple actors in choosing the plant
location has been proven by ELECTRE IlI outranking method. The problem
considered expert opinion of general management board of projects, engineering and
production management functions and planning management stakeholders. Golabi e¢
al (1981) used MAUT to select a portfolio of a solar energy project for the US
Department of Energy. The reasons for choosing MAUT being logical procedures

handling multiple criteria, explicitly uses the experience and knowledge of the R&D
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manager and handling non-monetary aspects. The quantification of techno-economic-
environment gains have been attempted by Susilk and Furtado (2001) to improve the
quality of investment decision in petroleum exploration using MAUT. The approach
has advantages of combination of various objectives by additive utility functions.
Milis ef al (1996) developed a computer-based DSS to help electricity supply planners
to meet future power demands. Their approach is based on a planning methodology
known as integrated resource planning (IRP), which was developed to allow supply
technologies to be compared with various demand-side management options. The
decision criteria were presented in hierarchical order and the authors’ achievement
function was used to weigh achievements on each of the muitiple objectives. This
allowed the decision-maker to assess options against two reference points; a level of
achievement, which is desired, and a minimum level for acceptability. Christensen
and Vidal (1990) have developed a DSS for project evaluation for energy supply in

rural areas of developing countries. The aspects considered in planning are socio-

economic, cultural and political ones.

Methods of group decision making have been mostly applied in project

planning. The applications reported for project planning have used outranking

methods, DSS as well as MAUT in a few cases.

3.3.2.6. Electric Utility Planning

Optimal electrical dispatch scheduling, deciding power generation mix,
optimum electricity supply planning are the applications of electric utility planning
using multi criteria evaluations (Chattopadhyay and Ramanathan, 1998). Rahman and
Frair (1984), Akash er al (1999) and Brar et al (2002) have applied hierarchical

approach to rlectric utility planning considering different aclors in energ
Y

B




management such as public, investors etc. The objectives of cost-benefits, adequacy
of supply and alternative scenarios such as addition of generation capacity, supply
side management and load management etc. have been discussed in the studies.
Ramanathan and Ganesh (1995) have evaluated lighting energy alternatives in India
against twelve objectives representing energy-economy-environment relationships
using integrated goal programming followed by hierarchical evaluation.
Environmental impacts of electric utilitics have been analyzed using MAUT
framework by McDaniels (1996). Expansion decisions of electric power systems have
been attempted by Voropai and Ivanova (2002) based on the fundamental concepts of
additive utility theory. Hobbs and Horn (1997) used a multi-method multi criteria
evaluation to build public confidence in energy planning. The main reason for using
these different multi criteria evaluation methods is that decision makers feel
manipulated by a single multi criteria evaluation method. In order to eliminate this
effect, it was suggested that each person should be allowed to use different multi
criteria evaluation methods to build understanding. The result was that no single
method was best for each person. The study stresses the use of multiple methods.

Hierarchical and MAUT methods are used in this area of energy planning,

3.3.2.7. Other Areas

These methods are used for planning for climate change (Ramanathan, 1998:
1999). In addition to these several applications, desalination plant selection, solid

waste management etc are addressed in a multi criteria context by various researchers.

Other application areas are impact analysis of energy alternatives (Siskos
and Hubert, 1983; Tzeng e al, 1992), small hydro site selection (Mladineo er

1987 and building product designs (Teno and Marseschal, 1998). Hokkanen and
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Salminen (1997) used an ELECTRE Il decision-aid method to choose a waste
management system in the Oulu region of Finland. ELECTRE I1I was selected as
the decision aid mainly because the available environmental data tended to be as
imprecise and incomplete to that they had collected in their own study. Lathrop and
Watson {1982} used decision analysis, in order to evaluate risk and the construction

of evaluation indices involving the regulation of nuclear waste management.

3.4. Review of Earlier Evaluations of Solar Cookers

Various studies have been reported in the literature on technical evaluations of
different versions of solar cookers from time to time. A classical review of designs

and their evaluations by Kundapur (1998} highlights more than 50 major designs with

59 types of variations. In past, Volunteers for Technical Assistance (VITA) brought
out a very detailed review of solar cooker projects (VITA, 1961). Studies of solar
cookers from various perspectives have been brought out by Garg (1978), Bowman
and Blatt (1978) in the past. Harnessing solar, the primary source of energy had been
a never ending illusion. The major classification of solar cookers suggested by the
various authors is concentrating type, box type and indirect type. The best design is
still elusive. The researchers have primarily concentrated on performance evaluations
followed by cost-economic analyses.

The concentrating solar cooker had been the major focus of evaluators. A
review of patents on sofar concentrators by Imadojemu (1995) highlights a progress in
the area of solar concentrators for various end uses including solar cooking. More

than 60 concentrator designs have been patented worldwide. However, the most of the
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claims of efficiency have never been realized and numbers of commercially viable
collectors are a few.

The first multi criteria evaluation attempt by VITA considered cooking
performance, durability, cost, weight, portability, ease of operation, ease of
manufacture etc as criteria for usefulness of various versions of solar cookers.
Bowman and Blatt (1978) presented detailed review of the then available versions of
solar cookers considering time of cooking, maximum temperature, energy storage,
cooking capacity, versatility, cooking effectiveness, ease of use, ease of maintenance,
durability, wind stability, portability, material cost, imported items, ease of
manufacture and transportability. He however admitted that the parameters have
Haitian bias and the weightages selected were arbitrary. The entire evaluation was
based on weighted sums. The authors have also suggested that conventional devices
like cook-stoves, LPG stoves should form a basis of comparison for solar cookers as
well.

Technical evaluation of SBCs have been reported by many authors (Das et al,
1994; Buddhi and Sahoo, 1997; Funk and Larson, 1998; Nahar, 2003; Rao, 2003;
Sonune and Philip, 2003). The criteria considered for these evaluations are stagnation
temperature, water boiling/cooking time, efficiency, weight, heat storage capacity etc,
The stress on standardization of performance evaluation was also felt by many
researchers. The need of proper technical evaluation and reporting performance was
fulfilled by Mullick ef af (1991) and Funk (2000) where standard test procedures were
developed and appropriately modified. Patel and Philip (2000) have studied three
concentrating solar cookers using the standard testing procedures, The accuracy of
focusing, convenience, type of dishes cooked, portability aspects of Philippine,

Chinese and IME model has been discussed by the authors. The domestic model of
elo
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PSC discussed in the thesis was also tested as per standard procedures by many
researchers across the country (Arya, 1999; McGiligan, 1999; Ramachandran and
Vardhan, 1999; Saha et al, 1999; Shuklia et al, 1999). Innovations in existing models
of concentrating solar cookers have been reported by various researchers
(Habeebullah er af, 1995, Sharma er al, 2000) by varying either of the above reported
technical criteria.

The dissemination of solar cookers had been also an area of wide concern in
most of the evaluations. Most of the studies reviewed earlier have discussed the
usefulness of their suggested modifications with a few thoughts on diffusion of
efficient solar cookers. The studies highlight possible causes of disuse of solar
cookers by masses and suggest strategies to overcome the barriers of penetration at
times. Many studies have been reported for Gujarat, (India) on the dissemination of
solar cookers. Moulik (1985) and Sharan and Naik (1997) have studied the socio-
economic factors necessary for dissemination of SBC in Gujarat. Ahmad (2000) has
discussed the problem of users and disusers for solar cookers in urban India. He
studied 28 families in urban Gujarat have to identify the problem of space, adjustment
of daily routines etc. His study stresses the involvement of potential users in the
project development process. He has explained cultural aspects associated with food,
climatic issues, prices, quality and quantity, access to purchase and maintenance as
major problems for cooker dissemination projects. The diagnostic analysis study of
SBC in Gujarat has been attempted by Moorthy (1991). He has evaluated SBC
programme of Gujarat Energy Development Agency (GEDA) on several aspeots
which include manufacturing, research and development target market etc. Another
evaluation of SBC programme of GEDA by Mahajan (1991) highlights (he

disadvantages of urban bias of the programme and its failyre tg address rural masses
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He has suggested alternative marketing strategies with agricultural houscholds as
target market segment. Evaluation by Satia (1991) highlights long day periods and
termed the solar cooker programme as a drop in the bucket. He has suggested future
strategies for marketing. Joshi (1991) has given certain guidelines for promoting
SBCs. She has stressed on product specifications, product relevance in the existing set
up of cooking systems. Her study concludes with the need to improve the
performance of the product and making it consumer oriented. Philip e/ a/ (1987) have
studied the frequency of use of solar cookers and their role in fuel savings in Gujarat.
They have also reported the frequency of occurrence of defects on SBCs. Quality of
product and servicing of product have emerged as major findings of their study. Gore
et al (1990) have studied the solar cookers in Pune (India) by taking samples from
selected parts of the city. They have reported the use, disuse and problems of solar
cookers. The quality of black coating on the utensils and bulk (size/weight) of product
has been identified as major problems. Kumar et al (1997) have reported the
acceptance in Delhi. Rana e/ al (1997) have reported the substitution potential for
cooking and lighting in rural areas of Madhya Pradesh (India) and their life cycle
costing. Jagadeesh (2000) has reported solar cookers dissemination in India as a
behavioral problem. Though his study points our certain technical limitations his
study conciudes Qvith solar cookers as ‘technology push’ type of device rather then
‘demand pull’ type of device. Saucer (2000} has also reported similar opinion about
the solar cooker programme of India. Though solar cookers are best suitable for rural
households, most of the dissemination had taken place in urban areas. He concludes
his study highlighting limited potential of solar cookers. Quadir er al (1995) have

studied the barriers for dissemination of renewable energy technologies in India. Their
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study classifies the barriers on technical, economic, institutional and socio-cultural
aspects.

Studies on acceptance of SBCs have been reported by many homemakers.
Acceptance studies in Kanpur, Trivandrum, Palakkad, Bhubaneshwar, and Agra have
highlighted the features of solar box and concentrating solar cookers perceived by the
homemakers of that locale (AIHSHEW, 1997). Usretey et al (1996) have investigated
on the nutrient contents of cooked food in different cooking devices including biogas

stoves, SBCs. The authors have suggested procedures for cooking food with

minimum reduction in protein contents with solar cookers.

Grupp (1991) has discussed the experiences with solar cookers with a view to

identify the lacunae in the management of technology. He has identified the need of

adapting to natural and social environment, overcoming technical shortcomings of

product; overcoming the poor quality and complicated use of the product. Wareham
(1997) has highlighted the parameters for successful solar cooker programme. He has

discussed quality, quantity, price, financing, manufacturing, transportation, user

friendliness and government support as major parameters. Experiences in South

Africa (Biermaann &/ al, 1999) and Nepal (Shreshtha, 1998) have recorded similar

opinions.

3.5. Limitations of Earlier Evaluations of Solar Cookers and
Need of Multi Criteria Evaluation of Solar Cookers

The literature review of multi criteria evaluations in energy planning and the

earlier evaluations of solar cookers combined has put forth a few limitations and

scope for further investigations. The major findings of the literature on both the

issues are as follows.

I

B



I.

2

(U%)

The paradigm shift in energy phnning procedures stresses on considerations
of multiple criteria in renewable energy planning and dissemination
involving various actors in decision process.

The studies on cvaluations of solar cookers separately considering technical,
economic criteria are reported but no comprehensive study is yet reported.
The literature review of various evaluations of solar cookers signifies the
role of multiple criteria in the evaluations.

The carlier studics on solar cookers on various issues viz. efficiency, costs,
user perceptions, commercialization, have indicated that the dissemination
strategies of solar cookers in present Indian context should not be considered
in isolation but in contrast with the other cooking energy options available to
the users.

The applicability of multi criteria evaluations have been proved in many
energy planning domains but no study is reported for solar cooker
evaluations in general and PSC in particular.

Though more than 60 designs of solar cookers have been patented, it is very
difficult to profess on their commercialization. Very often costs are
identificd as the only barrier for diffusion of the technology which may not
be true. Technical improvements in the device seem to be necessary but not
sufficient for the successful commercialization,

Under the above circumstances, the government has to reyjsit renewable
energy programmmes to overcome  consumer’s inertia and/or deliver
optimal services which requires investigation, Such a kind of study may be
helpful for formulating strategies for commercialization of PSC which hag

proved its techno -economic capabilities,




7. The present stalemate in disseminating the solar cooking technology may be
due to its comprehensive usefulness. Thus a quantification of comprehensive
usefulness of PSC may be helpful in knowing the locus standi of PSC on
multiple criteria in the present Indian energy ladder.

The present research work pursues all the above issues with special reference to

PSC as a domestic cooking device in India. The tools developed in this work may be
useful for other renewable devices which are not disseminated to their fullest

potential. The details of the methodology adopted for investigations are presented in

the next chapter.




Chapter fl:MuIti Criteria Evaluation Studies

This chapter explains the methodology adopted for multi criteria evaluation of
PSC vis-a-vis other domestic cooking energy devices. Selection of criteria based on
the earlier cvaluations and selection of prevailing domestic cooking devices is
discussed. A detailed discussion of the instrument adopted for knowing importance

of criteria and comparison of devices is followed by analyses of respo
nses,

development of tools for data analysis and computation of weightages. Three multi
: 1

criteria evaluation methods have been applied to evaluate and validate the results. The

methodology adopted for the research is given in Figure 4.1.

Identification of criteria and devices bascd on
literature survey

__ v

Knowing the importance criteria and comparison of
devices through survey & literature

on by three multi criteria evaluation methods,

Evaluati
AHP (priority), MAUT

PROMETHEE (outranking),
{utility)

Yy

r/_mon between rank obtained by three

Computi
evalpations as above

-

Qensitivity analyses 10 device alternative strategies for
rank reversal for PSC

-

Figure 4.1 Methodology of the Present Work



4.1. Selection of Criteria
Though the better dissemination of PSC will conserve fuel-wood and help in

protecting the environment, the objective of dissemination programme should

address adequate energy supply to the households to satisfy their basic needs of
cooking energy in a socially acceptable manner. This objective is governed by a wide

variety of criteria. To comprehensively analyze PSC in the present Indian context the

importance of each of the criterion should also be known. The identified devices can

be compared on these criteria to deduce final rankings.

Considering the earlier evaluations carried out by various researchers,

perceptions of actual users of PSC, various studies reported by homemakers in

different parts of the country, 2 list of 55 criteria is prepared. It is also observed that

nce of a cooking device can be represented by grouping some of these

the performa

criteria, eliminating some of them etc e.g. Stagnation temperature is an indicator of

fuel consumption and cooking time. Quality of various spare parts, black paints;

utensils are clubbed into quality and reliability of the product. Thirty criteria relevant

to the present planning problem are selected after extensive discussions with the

decision makers. The criteria consist of five main groups as technical, economic,

social, behavioral and commercial.

4.1.1. Technical Criteria

f fuel, amount of fuel consumed and its availability primarily decide the

e. All these issues are associated with monthly fue]

Type o

selection of a cooking energy devic

cost. Time required for cooking is also important in deciding the choice of device,

Though slower cooking helps in retaining the nutrient content in the food, growing

lity of time warrants faster cooking. All these criteria are

2

urban lifestyle and availabi




desired to be minimized. The users also want durability of devices; higher
quality/reliability and ruggedness due to its implications in minimizing the
maintenance costs and requirement of spares and after sales service. Sophistication in

terms of temperature control, heat storage facility etc. is also desirable. Even though

seasonal independence and continuity of use is desirable for a device it may not be

possible for SBC and PSC due to its dependence on sunshine requiring tracking as

well as for biogas stoves due to scarcity of water in summer. Higher nutrition value of

cooked is also desirable which may not be possible in micro-wave cooking

technology (Nexusmagazine, 2003). Table 4.1a presents the definitions of identified

technical criteria governing the comprehensive usefulness of any cooking device in

general and PSC in particular.

Table 4.1a Definitions of Technical Criteria

Criteria  Criteria Definitions

No

CR1. _ Fuel consumption Quantity of fuel consumed by the device in
kg/person/ day as an indicator of efficiency

CR 2. Cooking time Time required cooking the food for a family of 4
persons

CR3.  Durability Maximum useful life of device considered

CR 4. Quality/reliability The quality .of-various spare parts used in the
device as an indicator of consistent performance &
reduced failures

CR 5. Sophistication Jevel Facilities for heat rate control, storage, automation

CR 6. Sjze/Weight Overall bulk of the product as an indicator of
portability

CR7 Ruggedness Robustness of the device

C oo of use Seasonal_ dependence of the A

R 8. Continuity © ~smbination throughout the year fuel-device
. Need of focusing Sunra .
CRY.  Need for tracking pSC only ¥s, applicable to SBC&
s of food Level of nutrient content in t
CR10. Nutrition value indicator of healthy cooking he cooked food as a
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4.1.2. Economic Criteria

These criteria are at the heart of any product selection by the user and cooking

devices can not be away from the same. Lower initial cost helps in overcoming the

inertia of purchase decision which must be supplemented lower fuel costs, lower

maintenance costs etc. Lower rate of interests and easy availability of finance have

proven its usefulness in automotive market and may be replicated in domestic sector

as well. Higher subsidies desired by users, have resulted in poor quality of products

and services very often. In addition to the above criteria burden on foreign exchange

economy by the fuel is also given a thought which is analogues to available subsidy

considered in the economic criteria. Table 4.1b presents the definitions of identified

economic criteria governing the comprehensive usefulness in the present planning

problem.
Table 4.1b Definitions of Economic Criteria

Criteria  Criteria Definitions
No
— The price to be paid for purchase of the
t
CR 11. Initial cos device in Rupees
nth The price to be paid for purchasing fuel per
CR12.  Fuel cost permo month for a family of 4 persons in Rupees

. Price to be paid per annum for minor repairs
A nance cost per year . i ,
CR 13. Maintenan P servicing etc in Rupees

. . Amount of discount/cost bared by the
CR14.  Available subsidy government on actual cost of the device

Rate of interest on loan for purchase of

est on loan ;
r device towards a bank/ finance agency if any

CR 15. Rateofinte

4.1.3. Social/ Environmental Criteria

With an increasing POPUIation and higher rate of deforestation, the fuel-wood

The utilization of other biomass fuels lead 1o higher

o

resource has become scarce.




emissions. Lower emissions by fuel burning/utilization, lower human drudgery in
fuel collection and utilization and higher overall safety are essential social issues in

cooking energy selection. Table 4.1c presents the definitions of identified social and

environmental criteria applicable to the problem under study.

Table 4.1¢ Definitions of Social /Environmental Criteria

Criteria  Criteria Definitions

No
CR 16. Pollution hazards

Environmental degradation in actual usage of
the fuel-device combination

Amount of human efforts to be in fuel
collection and its usage

Level of safety in handling fuel-device
combination in terms of fire, lost education

opportunities etc.

CR 17. Human drudgery

CR 18. Overall safety

4.1.4. Behavioral Criteria

It is also observed that better aesthetics, improvement in models, better after

te the users. The selection of a device may also be decided by

sales service motiva
type and taste of cooked food, cleanliness of utensils etc. Convenience leading to case
ower dependence 01 additional cooking system and lesser user training

1. Tablel4.1d presents the definitions of

of operation, |

e considered for evaluatio

h need to be addressed to for quantifying the

may also b

identified behavioral criteria whic

preference of cooking devices:
J Definitions of Behavioral Criteria

Table 4.1
tions

Criteria  Criteria
o f the devi

- Looks of the device as an indicator ——
CR19.  Aesthetics preferred choice r ol users

The level of inner urge to u
. se th i

CR20.  Motivation to O may be as a status symbol, gifted artilgzz:ce'

_—
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Criteria  Criteria Definitions

No
CR 21. Taste of food

Liking of food cooked by user

Level of efforts required in cleaning the

CR 22, Cleaniiness of utensils
utensils as an indicator of convenience

Convenience of handling the device as a

CR23. Ease of operation
indicator of its user friendliness

The level of meeting diverse cooking needs
of a family

Indicator of self sufficiency of the device in
meeting entire cooking needs

CR24.  Type of dishes cooked

CR25. Need for  additional
cooking system

4.1.5. Commercial Criteria

The user can be motivated to purchase with a wide product range, good afier

sales service with better market/service network. Market research helps in modifying

the products suitable to end user and need of user training is reduced at times. Sales

promotion, buyer behavior, market segmentation and positioning of the product are
considered as a part of market research. In literature, few more issues like impact on
related industries by certain fuel-device combinations have been given a thought
present study. Table 4.1€ discusses the commercial

which are not considered in the

aspects governing the choice of any cooking devices.

Table 4.1e Definitions of Commercial Criteria

Definitions

Criteria  Criteria

No
. ————"Product range available in the market

"CR26. Improvement in models o )
sales Kind of after Sales service available f;
CR27. Spares and after ovic, availability of spar parts or the

service . o
CR 28 Distribution network Availability of device in a retail outlet
‘ Weather or not the need
- ¥ h . s S Qf end ]
CR29. Market researc considered by the device manulacturers users

ning The level of user friendliness of the device

CR30. Need for uset trai

-
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Fable 4.2a gives the classification of criteria on maximization and minimization type

at a glance. In the present study, available subsidy is considered as maximization

criteria as desired by the users and discussed in the economic criteria.

Table 4.2a Maximization and Minimization Criteria

Maximization Criteria Minimization Criteria

CR 3 Durability CR 1 Fuel consumption
CR 4 Quality. reliability CR 2 Cooking time
CR 5 Sophistication level CR 6 Size/Weight
CR 7 Ruggedness CR 9 Need for tracking
CR § Continuity of use CR 11 Initial cost

CR 10 Nutrition value of food CR 12 Fuel cost per month

CR 14 Available subsidy CR 13 Maintenance cost per year
CR 15 Rate of interest on loan

CR 18 Overall safety
CR 16 Pollution hazards

CR 19 Aesthetics
CR 17 Human drudgery

CR 20 Motivation {0 buy
CR 25 Need for additional cooking system

CR 24 Taste of food
CR 30 Need for user training

CR 22 Cleanliness of utensils

CR 23 Ease of operation

CR 24 Type of dishes cooked

CR 26 Improvement in models

nd after sales service

CR 27 Spares a
CR 28 Distribution network

CR 29 Market research

——




Table 4.2a indicates 18 maximization criteria and 12 minimization criteria

Higher quality and reliability of device may lead to higher durability and robustness

nutritional values and continuity of use will increase the use patierns and will reduce

need of additional cooking systems. Most of the behavioral criteria are maximization

type. The economic criteria are minimization type except a few. The social issues

except safety are minimization type of criteria. The usefulness of cooking energy

devices thus is a maximization problem in terms of operations research.

There are a large numbers of behavioral issues involved in the preference of

cooking energy devices which are qualitative in nature. Table 4.2b gives a comparison

of quantitative and qualitative criteria in the present planning problem.

Table 4.2b Quantitative and Qualitative Criteria

Quantitative Criteria

Qualitative Criteria

CR | Fuel consumption

CR 2 Cooking time

CR 3 Durability

CR 6 Size/Weight

CR 11 Initial cost

CR 12 Fuel cost per month

CR 13 Maintenance cost per year
CR 14 Available subsidy

CR 15 Rate of interest on loan

CR 4 Quality /Reliability

CR 5 Sophistication level
CR 7 Ruggedness

CR 8 Continuity of use
CR 10 Nutrition value of food
CR 9 Need for tracking
CR 16 Pollution hazards
CR 17 Human drudgery
CR 18 Overall safety

CR 19 Aesthetics

CR 20 Motivation to buy
CR 21 Taste of food

CR 22 Cleanliness of utensi|s
CR 23 Ease of operation

———
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Quantitative Criteria Qualitative Criteria

CR 24 Type of dishes cooked

CR 25 Need for additional cooking system
CR 26 Improvement in models

CR 27 Spares and after sales service

CR 28 Distribution network

CR 29 Market }esearch

CR 30 Need for user training

Table 4.2b indicates that the cooking device preference is a basic socio-

i ing i i valitative criteria. Twenty one
economic planning 1Ssue and thus involves many ¢ y

Table 4.2c presents the summary of significant criteria in multi criteria

evaluation of a cooking device.

Table 4.2¢ Significant Criteria in Cooking Energy Decisions

— Desired
Name of Criteria Value ~ Significance
———— 1
, Low Reduced cost , -
Fuel Consumption* Reduced fuel collection time

Maximum Temperature® High  Reduced Cooking Time
_ e Low Higher efﬁcie?ncy,
Cooking Time More convenience, Lower nutrient value
High Reduced costs, Higher reliability |
Durability/Ruggedness ower maintenance
High Increased suitability, Lower maintenance

Quality/Reliability e

Heat rate control, Storage High Added sophistication
rate C , .

Low Only for solar cookers, Higher

Need of Tracking Efficiency, Reduced cooking time
High Reduced need of additiona| system

Seasonal Independence More continence '
Low Easy commercialization,

Initial, Fuel & Maintenance

- . =




Name of Criteria Desired
Value  Significance

Increased Reliability, Convenience

Costs*

Available subsidy * High Reduced quality, Easy
. commercialization

Availability of T'inance * High Easy commercialization

Pollution Hazards, Safety Low Increased social utility

Human Drudgery Low Convenience, Increased productive time
for earning for family, education etc

Aesthetics High Increased commercialization,
Higher motivation

Improvement in models High Commercialization, Convenience,
Higher motivation

After Sales Service High Increased reliability, Commercialization

Type of Dishes Cooked High Versatile cooking, Convenience,
Higher motivation to use

Cleanliness of Utensils High Versatile cooking, Convenience,
Higher motivation to usc

Convenience, Reduced Costs,

Increased Reliability
Convenience, Higher motivation to use

Need of Additional Cooking Low

System

User Training Low

* Quantitative Criteria

4.2. Selection of Devices

Since cooking is carried out by using both renewable and non-renewable fuels

a large variety of fuel-device combinations are available in India. Out of the all

iling devices representative of cooking energy utilization

available devices nine preva
in India are selected for the present problem. These devices are numbered as Al to

A9. The devices identified are chulha (cook stove, (Al)), improved chulha (A2),

Kerosene stove (A3), Biogas stove (A4), LPG stove (AS), Microwave oven (A6),

Electric oven (hot plate (A7), SBC (A8) and PSC (A9).

—



The cooking energy scenario discussing the dissemination of these devices has
been presented in Chapter 2 (Cooking Energy Issues in India). Further, kerosene stove
considered in the evaluation is kerosene pressure stove as an indicator of the category

of stoves using kerosene. Though various versions of improved chuthas are available

the device considered for evaluation is an indicator the category of stoves using fuel-

wood more efficiently. Box solar cooker considered for evaluation is a device without

electrical back up.

4.3. Details of Survey

The present evaluation consists of nine quantitative and twenty one qualitative

criteria as discussed in the previous section. The data for quantitative criteria has

been taken secondary source mainly through published literature, No

experimentation is conducted for noting the data on quantitative criteria for various

cooking energy devices. Since majority of the criteria are qualitative the evaluation

on these criteria is planned to be identified through a survey. The overall objective

of the survey is to know priorities in the preference selection of cooking energy

devices. The sub-objectives of survey are as follows.

i To know the importance of all the identified criteria for different decision
making groups involved in the technology dissemination

ii. To compare the devices on identified criteria

i, To identify the barriers for further dissemination of PSC
To facilitate the evaluation four expert groups are identilied and more than

100 of experts ate consulted to know their perceptions, The identified groups are

. P researchers, educators and g ,
policy makcrs/PrOfess’O“*‘IS' clual  users, Policy

— \m




makers/professionals refer to the officers of MNES, SNAs and manufacturers. A

group of researchers as facilitators for technology up-gradation is also identified to

know their perceptions. Educators are consulted considering their role as awareness

creators. Actual users of the identified devices in general and PSC in particular are

consulted to know their perceptions.

Separate response sheets are designed for knowing the importance of all the

identified criteria for different decision making groups involved in the technology

dissemination and comparing the devices on identified criteria as given in Appendix 11

and T1I respectively. Since the aim is to know importance of criteria in assessing

contemporary cooking devices on 30 criteria a response sheet based on tabular

column is felt appropriate. Two tabular columns are designed, one to know the

importance of criteria and the other to know the comparison of cooking devices. Both

the response sheets are tested with trial runs involving the faculty members /research

scholars at the Institute and actual users of SBC and PSC in and around the Institute,

The main aim is to receive feedback regarding the appropriateness of the information

sought in the prescribed format. The changes based on suggestions from the in-house
respondents aré incorporated in the final response sheets. The response sheets are
having two sections and an explanatory note. First part of the sheet is intended to get
designation and address; the second is to

information on the respondents Jike name,

record their judgments.

The survey was conducted during January-May 2002. The response sheets
mail to identified experts. Personal interviews and

were mailed through post/e-

discussions were also conducted with a few of them. Actual users are consulted for

knowing their perceptions Of various qualitative criteria in the vicinity of Pilan;
rat), Puné (Maharashtra), Nasik (Maharashtra), Indo
<), re

(Rajasthan), Valsad (Guja




(Madhya Pradesh), Mount Abu (Rajasthan), Coimbatore (Tamil Nadu) ctc. The
survey is based on convenicnt sampling technique.  Appendix IV gives hist of
respondents/experts which are consulted lor the data collection. The details of
respondents are given in Table 4.3.

Table 4.3 Analysis of Responses

Group Requests  Responses  Suitable

sent received  responses
Professionals 25 14 (56%) 12 (48%)
Researchers 25 13 (52%) 10 (40 %)
Educators 35 18 (51%) 15 (43%)
Actual Users 50  35(70%) 29 (58%)
Total 135 80 (60 %) 66 (49 %)

The experts arc asked to assign importance of the criterion on a 10 point

ar scale as given i Table 4.4. The same scale 1s used for comparing

qualitative line

the identified devices On qualitative critena in the present problem. The values for

quantitative criteria required for comparing the devices are noted from secondary

source (published literature) as mentioned earlier.

Table 4.4 Scale used for Comparative Judgments

Lesend  Verbal Term Numerical Explanation

VH Very High 10 ‘Highest level of judgment

H High 08 Dominance of the judgment

M Medium 06 Compromising level of judgment

L Low 04 Lower level of judgment

VL Very Low 02 Peripheral level of judgment

. 00 Not  applicz

NA Not Apphcablt DI‘Oblcmpp by o present

e




4.4, Computation of Weightages

Weighted average values have been computed for importance of criterion
on 10 point scale. Custom built software interface is developed in Visual Basic

environment to compute weightages. The weighted average values are calculated as

below.

A

N

Weightage = (1)

v e Y . Bl " . '
Where ¥, indicates the importance of j " criteria (on assigned scale) by the numbers

of respondents NV, for the criteria and AV are the total numbers of respondents. Figure

4.2 shows the visual interface for data eatry for the said program.

Figure 4.2 Interface for Data Entry for Computation of Weightages

The need of changing scale and continuous updating of responses received is

also addressed in the program The program uses Microsoft Access at (e backhand

— z




for storage and computation of weightages. Figure 4.3 shows the interface for
updating the computations of weightages. Graphical output facility is also felt

necessary to get deeper understanding of weightage vectors as shown in Figure 4.4.

S{bepnietisatisn Leval »f

2 ize/weight /inaoe requl

| muggeansee

{ moml/tonum uee
S Nooa Ffar rotetin

oy
| :

[oureut ity
Gualt relinbility uf

il

| T—

L =
= Y

S —

\ ;—__‘_,;—

Figure 4.3 Interface Showing Computations of Weightages

Figure 4.4 Graphical Outputs of Weight Vectors

The assigned weightages 1o various groups identified for the present probiem
are computed USINg ihe software. Table 4.5 shows the sub-criteria weightages

calculated for different decision making groups

e
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Table 4.5 Computed Sub Criteria Weightages for Different Groups

Sub Criteria Policy Makers Researchers  Educators  Users  Overall

CR 1. 8.75 8.00 653 6.00 7.09
CR 2. 8.25 10.00 7.46 6.66 7.67
CR 3. 7.75 7.00 737 8.66 7.93
CR 4. 6.75 7.00 7.85 8.66 7.54
CR 5. 6.50 5.00 6.14  7.66 6.51
CR 6. 7.00 9.00 7.06 6.00 6.64
CR 7. 6.00 7.00 7.20 4.00 6.19
CR 8. 7.00 5.00 720 6.33 6.70
CR 9. 6.50 4.00 6.15 433 6.51
CR 10. 6.00 8.00 7.60  8.66 7.41
Average 7.05 7.00 7.05 6.99 7.01
CR 11. 7.50 7.00 746 7.33 7.41
CR 12. 7.40 7.00 585 3.66 5.86
CR 13. 6.25 6.00 5.60 3.33 5.48
CR 14. 4,57 5.00 442 733 5.03
CR 15. 4.50 7.00 425 533 4.60
Average 6.04 6.490 551 5.39 5.67
CR 16. 5.42 4.00 440 533 4.33
CR17. 6.75 8.00 6.42 5.33 5.90
CR 18. 7.25 9.00 733 9.00 8.66
Average 6.47 7.00 6.05 6.55 6.29
CR 19. 7.25 7.00 7.33  7.00 6.96
CR 20. 6.66 5.00 6.42 6.00 6.27
CR 21. 6.75 8.00 8.00 8.00 7.61
CR 22. 6.75 9.00 733  7.66 7.35
CR 23, 3.50 8.00 7.20 8.00 7.74
CR 24. 5.25 6.00 6.71  6.66 6.64
CR 25. 6.25 6.00 6.13  6.00 6.12
Average 6.77 7.00 7.07 7.04 6.95
CR 26, 6.75 7.00 6.60 7.30 6.83
CR 27. 8.50 7.00 6.42  6.33 7.03
CR 28, 8.00 6.00 733 5.66 7.09
CR 29. 6.25 5.00 6.00 6.00 6.29
CR 30. 6.25 7.00 642 6.66 6.46
Average 7.15 6.40 6.55  6.39 6.74

Analysis of overall weightage

ed by technical (7.01) followed by behavigra (6.95)

energy devices are gover®

commercial (6.74)

have been given less weighta

s shows that usefulness of the selected cooking

and social 1ssueS (6.29)- It is also observed that economic criteria

ges (5.67) by the evaluators. Analysis of weightage
S
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reveal that overall safety (8.66), durability (7.93) and ease of operations (7.74) are

given due importance by the respondents. The rate of interest on loan (4.60) has be
. hy Cl]

aliocated the least weightage. The respondents have neither given too high importanc
e

to any of the criterion nor have they out rightly considered any criterion trivial in the

analysis. The total differential in the weightages accounts to be 3.33. Morcover, all

the groups have highest weightage to technical and least weightage to social criteria
cl.

The sub criteria weightages are normalized for further computation for priorities

Table 4.6 shows the normalized sub criteria weightages.

Table 4.6 Normalized Sub Criteria Weightages for Different Groups

Sub Policy  Researchers Educators Users QOverall
Criteria  Muakers
CR 1. 0.0429 0.0394 0.0331 0.0308  0.0355
CR 2. 0.0408 0.0488 0.0377 0.0341  0.0384
CR 3. 0.0382 0.0343 0.0373 0.0444  0.0397
eR.4. 0.0320 0.0340 0.0395 0.0443  0.0376
CR 3. 0.0320 0.0245 0.0311 00393  0.0326
CR 6. 0.0345 0.0441 0.0358 0.0308 0.0332
CR 7. 0.0295 0.0343 0.0365 0.0205  0.0310
CR 8. 0.0345 0.0245 0.0365 0.0325  0.0335
CR 9. 0.0320 0.0196 0.0311 00222  0.0326
CR 10. 0.0295 0.0392 0.0385 0.0444  0.0371
CR 11, 0.0369 0.0343 0.0378 0.0376  0.0371
CR 12. 0.0364 0.0343 0.0296 00188  0.0293
CR 13. 0.0308 0.0294 0.0284 0.0171  0.0274
CR 14, 0.0225 0.0245 0.0224 0.0376  0.0252
CR 15. 0.0222 0.0343 0.0215 00274  0.0230
CR 16, 0.0267 0.0196 00223 00274 00217
CR1T. $.0332 0.0392 0.0325 00274  0.0296
CR 18, 0.0357 0.0441 0.0371 00462 (0433
B 18 0.0357 0.0343 0.0371  0.0359  0.0348
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Sub Policy  Researchers Educators Users Overall
Criterin  Makers

CR 20. 0.0328 0.0245 0.0325 0.0308 0.0314
CR 21. 0.0332 0.0392 0.0405 0.0411  0.038!
CR 22. 0.0332 0.044] 0.0371 00393  0.0368
CR 23. 0.0419 0.0392 0.0365 0.0411  0.0387
CR 24. 0.0259 0.0294 0.0304 0.0342  0.0332
CR 25. 0.0308 0.0294 00311 0.0308  0.0306
CR 26. 0.0332 0.0343 0.0337 0.0376  0.0342
CR 27. 0.0419 0.0343 0.0325 0.0325 0.0352
CR 28. 0.0394 0.0294 0.0371 0.0290  0.0355
CR 29. 0.0308 0.0245 0.0304 0.0308 0.0315
CR 30. 0.0308 0.0343 0.0325 0.0342 0.0323

The aggregate normal weightages are calculated for main criteria. Table 4.7

shows the aggregate normal weightages calculated for main criteria which are

computed for further analysis of the problem.

Table 4.7 Normalized Weightages for Main Criteria

Makers Researchers Educators Users Overall

Criteria Policy

Technical 0.346 0.342 0.357  0.343 0352
Economic 0.149 0.157 0.140  0.138 0.141
Social 0.096 0.103 0.092  0.137 0.095
Behavioral 0.233 0.240 0.245 0253 0.246
Commercial 0.176 0.157 0.166  0.164 0.167

lysis of normalized main criteria weightages shows that usefulness of the
Analysis

selected cooking energy devices are governed by technical criteria (0.352). All the
ected coo

respondent groups have assigned highest weightage to these criteria. The second level
pondent gr

of important criteria is evident as behavioral ones (0.246). All the respondent groups

a4 next to technical. The commercial criteria are found to be
4

&

have weighed the criters




occupying the third level of importance (0.167) which is evident from the consistent
responses. The economic issues are given fairly less importance (0.141) followed by

the social issues (0.095). The importance of social issue clearly indicates the lower

level awareness.

4.5. Evaluation by Outranking (PROMETHEE)

There are many methods such as PROMETHEE, ELECTRE etc. belonging to

outranking category of multi criteria evaluations as discussed in the earlier chapter on

literature survey. Preference Ranking Organization METHod for Enrichment

Evaluation has been used to rank the devices in this section. This methodology is

known as the one of the most efficient methodologies in the field of muiti criteria

evaluations. The PROMETHEE framework has been used for energy planning

(Harlambopoulos and Polatidis 2003; Goumas ef al, 1999; Georgopoulou ef al, 2003)

as discussed in the literature review. This technique has all the advantages of the

outranking methods, combined with ease of use and decreased complexity. It

performs a pair-wise comparison of devices with respect to a number of criteria. It

allows the establishment of a pay-off matrix for evaluation of devices with respect to

any criterion through objective assessment and considers the degree of cognition.

The analysis has been carried out on the basis of pay-off matrices constructed

for al] the decision making groups and an overall pay-off matrix. This algorithm

attempts to find the relative strengths of one device over all the other devices. It

computes MCPI which indicates aggregate strengths of the device over ijts

weaknesses.

e
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4.5.1. Formulation of Pay-off Matrices

For enabling the formulation of pay-off matrices, evaluation matrices are
formulated for all the decision making groups on the basis of the judgments noted as
discussed in the details of survey. This matrix is useful for comparing the
performance of various devices on the selected criteria. Evaluation matrix is an array
indicating the performance of a particular device against all the criteria on selected
scale. The pay-off matrix indicates the trade off values of all the identified devices on
the selected criteria in a tabular form. Table 4.8 a shows the overall payoff matrix,
which is an arithmetic mean of all the individual matrices of all respondents. Tables

4.8b to 4.8e indicate the pay-off matrices and Table 4.8 f shows standard deviation for

all the decision making groups.

Since biogas stove, SBC and PSC are dependent on renewable energy, fuel

consumption and fuel costs are taken as zero. On the other hand, need for tracking is

assigned zero value in al] the pay-off matrices for all other devices except SBC and
PSC. as energy input for cooking with these devices is independent of the Sun’s

position. Many of the identified devices are not given any subsidy as they require less

capita] investments. The criteria like fuel consumption, cooking time,

size/weight/space needs, various COSIS involved, pollution hazards, human drudgery

and need for additional cooking system are desired to be minimized and are indicated

by negative sign in all the pay-off matrices. Thus the problem is converted into

maximization problem. The pay-off values are indicating quantity of fuye]

- ing time in sec ility 3 :
consumption per family per day, cooking onds, durability in years, various

costs in Rupees. Size/weight/space need is indicating the overall bulk iy, kilograms

whereas rate of interest on loan is indicated in percent,

— T TTm
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Devices Al A2 A3 A4
CR No

CR 20. 4383 4.775 5.767 5.483
CR21. 6.250 6.417 5.492 6.500
CR 22. 2975 3.850 4.167 5.400
CR 23. 5.475 5.508 6.242 6.408
CR 24. 8.017 8.200 7.942 8.025
CR25. 3,683 -3.517 -3.767 -3.708
CR26. 4.350 5.150 5.392 5.817
CR27. 6.733 6.250 6.683 6.108
CR23. 6.217 5717 7.283 5.542
CR29. 3.475 3.950 5317 5308

CR 30.
2550  -3.683 -3.283 -4.325




AS A6 A7 A8 A9
7.325 6.625 5.750 5.050 5.050
7.142 6.975 6.975 8.067 3.067
7.258 8.858 8.633 8.117 7.992
7.883 7.883 7.317 6.333 5.775
8.783 7.083 7.050 5.167 5.742
-3.058 -4.133 -3.833 -5.983 -5.625
5.908 6.108 5.683 5.267 5.117
7.208 7.008 6.900 5.058 5.167
8.083 6.933 7.117 5.067 4.575
6.958 6.625 7.042 5.858 5.800
-3.258 -5.525 -5.883 -6.617 -7.458
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Devices Al A2 A3 A4
CR No
CRI8. 5.600 6.000 3.200 6.000
CR19. 4.000 4.400 5.600 6.000
CR20. 6.000 6.000 6.000 6.000
CR21. 6.000 6.000 5.200 6.400
CR22. 2.800 3.600 2.800 4.800
CR23. 4.400 4.400 4.800 5.600
CR24. 8.000 8.400 7200 7.600
CR25. 2400 -2.400 22,000 23.200
CR 26. 3.600 4.800 6.000 6.800
CR27. 6.800 7.200 6.800 7.200
CR28. 8.000 6.800 9.200 6.400
CR25. 4.000 4.400 6.000 6.400
CR 30.

-0.800 -2.000 -1.600 -2.400




AS A6 A7 A8 A9
3.600 5.200 5.600 8.400 8.000
3.400 8.800 8.000 7.600 7.200
6.000 6.000 6.000 6.000 6.000
7.600 8.000 8.000 3.000 8.000
6.400 8.800 8.400 8.000 8.000
8.000 8.800 7.200 7.600 6.000
8.000 7.200 6.000 4.400 4.800
-0.800 -3.600 -2.800 -6.000 -4.800
6.800 7.200 6.000 3.600 4.000
8.000 8.000 7.600 6.400 6.400
9.200 7.200 6.800 5.600 5.200
3.000 8.000 8.000 6.400 6.400
-2.000 -4.800 -4.000 -5.200 -5.600
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Table 4.81 Standard Devi

ation of Payoff Matrices for Decision Making Groups

Devices 1/ A2 Al A4 A5 A6 A7 A8 A9
CR No
CRT. 5o00 0000 0000 0000 0000 0.000 0.000 0.000 0000
CR2. 4000 0,000 0000 0000 0.000 0000 0.000 0.000 0.000
CR:3 sopg 0000 0000 0000 0000 0000 0000 0.000 6.000
CRE  1me (A%6 [yep 954 mase 0S4 DADR  L3ID 12
CRS. 4707 0411 1000 0572 0213 0598 00626 0.690 0.529
CR 6. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
CR7. 133 1.054 0759 079 1037 0985 1334 0738 0313
CRS. 5089 2233 2064 00661 9326 1.447 1447 1410 1516
CR9 0.000 0.000 0.000 0.000 0000 0.000 0.000 1018 0.457
CR10. 455 0354 0233 0573 066! 1150 1284 0999 0.636
CRIL. ggoo 0.000 0.000 0.000 0000 0.000 0.000 0.000 0.000
CR12. (o0 0000 0.000 0000 0009 0.000 0.000 0.000 0.000
CR13.  gqop 0000 0000 0:000 0009 0.000 0.000 0.000 0.000
CRI4.  4goo 0.000 0000 0000 0.000 0.000 0.000 0.000 0.000
CRIS.  ogpo 0000 0.000 0000 009 0000 0.000 0000 0,000
CR16. | gy7 1599 1.207 Ay LIEg 1360 1020 1182 1102
CRI7. | 790 1477 1476 100 1857 1.859 :S?Z 1491 1.256
CR18. (795 0946 0966 0.921 1473 lgig 0-;77 ??23 0.629
CR19. 821 1.007 2ol 0499 1'(.]40 5 0 1.253 I4“ o
s 17;9 | s71 0757 04 1513 0.0 LS LA
CR2L | p5g 1067 0206 1757 0581 1239 1239 0646 0.646
g 07 5 o 0912 0481 0320 0482 0.578
. n. 0.465 0.75; o 0.657 0.823 .819 1.170 1.638 1.845
i 153 123 106 0875 0233 0823 1209 0.789
“R2 0300 Qais o e LE L8 L% O Lagg
R25. .83 1.012 1.60 0828 1:287 1412 1.283 1337 1.197
CR26. 661 0.574 1~0?f 6 0917 0760 1052 1371 1082
CR27. | g9 1.509 09 0.709 1260 L1131 L1200 0772 0714
CR28. g5y 1373 15% Coas 0946 0946 0946 1258 1774
CR 29, 0.877 0.661 1.110 '46 1.406 0.900 1354 1020 |
CR 30, 408 | 482 o7 1,347
- 1436 14




An analysis of pay-off matrices reveal the strengths of PSC as fuel consumption
durability, nutrition value of food, fuel cost, available subsidy, pollution hazards
human drudgery, taste of food, cleanliness of utensils etc. The SBCs have also
indicated similar strengths except cooking time. LPG stove has higher pay-off values
on all the criterion except initial, fuel cost, rate of interest on loan, distribution
network. Pay-off values for chulha and improved chulha indicate strengths in terms of
continuity of use, ease of operation, type of dishes cooked, spares and after sales
service. Kerosene stoves are indicated by moderate pay-off values for most of the

criteria. Micro-wave and electric ovens are indicating strengths for many criteria

except various costs and need for user training. The trends are discernible for all the

respondent groups. Standard deviation shows the robustness of judgments by all the

groups.

The detailed discussion on the results based on the above has been presented

in next chapter (results and discussions).

4.5.2. Application of PROMETHEE
The PROMETHEE evaluation methods consist of four variations. The

PROMETHEE 1l methodology has been used for ranking the devices. It provides a

complete order for the evaluation that will help the decision makers realize the results

easily.

Establishment of Preference Functions

Firstly, pair-wise comparisons of elements in a given payoff matrix j
is

computed to know the preferences of devices for all the criteria as follows

When two elements & and b are to be compared for any criterjon j. th
» UICY are

expressed in terms of preference function P; (a, &) as follows,

R —




P, (a, b) =0 : an indifference between a and b or no preference of ¢ over b

P, (a b)~ 0 : weak preference of aover b

P, (a, b) ~ I : strong preference of aover b

P, (a, b) = 1 : strict preference of a over b
The method uses preference function 7; (a, &) which is a function of the difference & ;
between two devices for any criterion j, i. €. & = f{a, j)- /b, j), where fia j) and
Jtb. j) are values of two devices a and b for criterion j. The indifference and
preference thresholds ¢ and p are also defined depending upon the type of criterion
function. Two devices are indifferent for criterion / as long as d ; does not exceed the
indifference threshold ¢. If d; becomes greater than p, there is a strict preference.

Brans ¢f al. (1984; 1986) have offered six gencralized criteria functions for
reference namely, usual criterion, quasi criterion, criterion with linear preference,

level criterion, criterion with linear preference and indifference area, and Gaussian

criterion. The criterion functions are indicated in Figure 4.5

Types of Generalized Criteria Parameters Description
TR TN - There is indifference only if
- Usual there is no difference
Criterion between the actions scores
dj—:-“
. B, g there is indifference as long
2. Qu'a51_ —_— [ as the scores difference is
Criterion tess than ¢
TR
. o o p "ljhe prf.:ference varies
3. CI:IICI'!OI'I. i linearly with the difference
with  Linear ; between the scores between 0
Preference V1 and p. If the difference is
more than p, the action is

strictly preferred

—_



Types of Generalized Criteria Parameters Description

Hjt) qp There is indifference as long

4. Level s .

Pt as the score difference is less
ey :

than ¢ , low preference if the

: scores difference is between

g and p, and strict preference
if the scores difference is
higher than p.

UG %

- S et g p There is indifference as long
gt Cmellon. as the score difference is less
with  Linear than g. The preference varies
Preference linearly with the difference
and between the scores between ¢
Indifference and p, and becomes strict if
Arca the scores difference s
higher than p.

His a The preference increases
6. Gaussian & with the differcnce between

Criterion the scores as expressed in

Sl H(d)= 1-exp (-d/2 ¢ )
J
Fieure 4.5 Different Types of Criterion Functions (Source: Brans ef al, 1984; 1986)
=]
o S B : listically, it is necessary to know if
To model decision maker’s preference rea
here is any indifference or there exists a strict preference between tvio devices for
Cic adsg

device preferred over the other. The preference
rrarence makes the [
even a small differen

puted for each criterion for all the devices. The details of usual
functions are com

function are defined below:
Logic H| (d] =0 lfd =(
=11ifd #0

ot defined
Parameters N
: There 18 @ indifference between a and b if and only if
Description o L |
¢ tu) =1 (b). he decision maker has a striet stitince

for the deviee having the greatest worth

_— e —— -



Computation of Multi Criteria Preference Index

The MCPI is computed for all the devices to know the devices which are
r as compared to the others. The procedure for computing MCP! is as follows

Superio

Multi criteria preference index, #(a,b) a weighted average of the preference

functions P, (a, b) for all the criteria is defined as

iw},!’J (a,b)
#(a,b) =+ @)
¢*(a) = Y 7(ab) 3)
¢ (@)= gr(b,a) )
#a)=¢" (@)- 9" (a) &)

. = Weight assigned to the criterion j;

Where w;
¢*(a) =Outranking index of a in the alternative  scl A;
¢ (a) = Outranked index of a in the alternative set A;

#(a) = Net ranking of a in the alternative set 4. The value having maximum ¢(a) is

considered as the best.

Ranking of PDevices

wing the above computations PROMETHEE I ranks the devices

Follo

according to the relation given belo

))é(b ), a is indiffcrent to b iff ¢(a) =¢(b) (6)

a outranks b iff ¢(a

I
B




The ¢ (a) and ¢ (a) values are computed for all the devices following the above
equations (3) and (4) respectively. The net g(a) is computed using equation (5) and

the devices are ranked from maximum to minimum net g(a) value.

The detailed discussion on the results based on the above has been presented

in section 5.1 (results and discussions).

4.5.3 Development of Software

The need is felt to develop a custom built computer code to compute the

preference of PSC over all the identified devices. Pay-off values and weightages of

the criterion are necessary inputs. The necessary inputs can be given through a text

file or key board. The program code in FORTRAN computes indifference values,

preference function for each criterion in terms of the usual functions, MCPI, ¢*(a),

#™(a), net ¢(a) and the rank for all the devices. The output can be stored in a text

file. Figure 4.6 shows the flow chart for the program (Raju, 1995).

4.5.4 Sensitivity Analyses
An attempt has been made to check aspects which impede the dissemination of
nong the available devices. Extensive sensitivity

PSC not rising to first position at
anges in performance of identified devices on various

analyses are carried out for ch
uns are also taken to check the influence of weightages over

criteria. The sensitivity T
n. More than fifty permutations and ¢
tempted. The details of which are given

the ranking patter ombinations of changes in

weightages and performance of devices are at

In section 5.5 (sensitivity analyses studies).




l Start l

y
LRead number of devices, criteria, payoff matrix

r

Compute difference between values of devices for
each criterion d,

y

Read parameters i.e., type of preference function,
weights of criteria, indifference and preference
threshold values for each criterion

Y
I Checking for type of preference function 7
r T
Compute preference function value based on d;
and parameter values for each criterion

!

! Compute Mutti-criterion preference index for pair of

devices

[Yes ]

y

Compute net ¢ value for each device and
co.responding rank

{ Another set of parameters? 7_‘

]

y

[ stop |

Figure 4.6 Flow Chart for PROMETHEE




4.6. Evaluation by Priority (AHP)

Priority based evaluations using AHP have been very widely used in energy
planning. Use of AHP for selecting energy alternatives in cooking and lighting
(Ramanathan and Ganesh, 1994), old vehicle elimination (Tzeng and Tsaur, 1990),
electric utility planning (Akash ef al, 1999) and several other applications have been
reported in the literature. Pertinent literature also indicates that AHP is flexible
decision making tool for solving complex multi-criteria problems in diverse areas,
because it enables decomposition of given problem (unstructured situation) into its

component parts (criteria, sub-criteria and devices), arrange its parts in a structured

order (hierarchy) and assures that both qualitative and quantitative aspects of a

problem are properly incorporated in evaluation process using a predefined scale. It

further synthesizes the judgments into overal] priorities of the devices (Wedley

1990).

4.6.1. Evolution of Hierarchical Structure

The present problem is decomposed into a hierarchical structure as shown in

gure consists of three level of hierarchy with usefulness at top leve]

Figure 4.7. The fi
), main criteria such as technical, economic, social, bechavioral and

(objective
vel of hierarchy consists of sub criteria

commercial at the second level. The third le
k for convenience of drawing the structure. The

which are indicated in the criteria bloc
ntals of AHP

devices are indicated at the end of structure as per fundame

t each hierarchy level are compared in pairs {0 assess their

methodology. Elements a

h respect to each of the elements at the next higher level.

relative preference wit

S —E




Technical

Fuel consumption
Cooking tme

Durability
Quality/reliability
Sophistication level
Size/Weight/Space needs
Ruggedness of device
Seasonal /Contimous use
Need for tracking the Sun
Nutrient content of food

/]
/2

/ /'/ !3
4.

Economic

tnitial cost of device
Fuel cost

Maintenance cost
Available subsidy

Rate of interest on loan

Social

Usefulness .
\ 16. Polluiion hazards
17, Human drudgery
(& Overall safety
[

\ 19

\ 22

\ 20,

21

22
2
25

Behavioral

Aesthetics

Motivation to buy

Tasie of food
Cleantiness of utensils
Lase of operationt

Type of dishes cooked
Need for additional ¢S

e —— |

\\
20.
\ 27.
28.
29.

Figure 4.7 Hiera

4.6.2. Application of AHP
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but also weightages 10 criterions identified for assessment,
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Pair-Wise Comparisons

Following an initial step of developing hierarchy as discussed in the previous
section. the pair-wise comparisons of main criteria and sub-criteria are carried out
using qualitative scale. Once the qualitative judgments are made, they are translated
into numbers by means of the fundamental scale. Saaty (1982) has sugpested a scale

ale

of 1-9 as indicated in Table 4.9. The present problem uses intermediate values

Table 4.9 Scale of Preference between Two Elements

Preferences Definition
1 Equally preferred

3 Moderately preferred

5 Strongly preferred

7 Very strongly preferred

9 Extremely preferred

2.,4,6,8 Intermediates values
Used to reflect dominance of

Reciprocals
second device as compared with the first

The degree of importance of the criteria (criterion weightages) is computed by

direct method as discussed in section 4.4 (computation of weightages). The preference

of devices at a particular level over those in the succeeding level is measured by
procedure of pair-wise comparisons between the assigned values. This procedure is

ach level in upward direction. This procedure is repeated for

repeated for elements at €

all the respondent groups.

Computation of Eigenvectors

ocedure and creating comparison matrices at

After performing step-by-step pr
different hierarchical levels, aggregate Eigenvectors are computed until the composite

oefficients for the devices are computed.

s | (0

final vectors of weight ¢
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iI IUII] b\' hllllill!_.' [] ; X 1 i
> hY c CO S nt ! W]th "]C ]

the position «,,

“ ("Il' " qn
A=, &y ‘ azl
s = (7)
a.frl qvl s €,

Reciprocal value of the comparison is placed in a position a;,. The result of pair wise
comparisons is weight coefficient for each element at given level, with respect to the
element of a higher level. The entries of final weight coefficients vector reflect the
relative importance (value) of each device with respect to the usefulness stated at the
top of hierarchy. Pair-wise comparison for Technical (Tech), Economic (Eco), Social

(Soc), Behavioral (Beha) and Commercial (Comm) criteria from survey data for

overall responses is carried out as below.

Tech Eco  Soc  Beha Comm W
Tech I 0.400 0.269 0.699 0.475
4= | Eco 2500 1 0.673 1.740 1.180 (8)
Soc 3.710 1.480 | 2.580 1,760
Beha [.430 0.574 0.387 1 0.678
Conmi 2.100 0.847 0.568 1.470 1

hnax = 5, N’=5, CI=0, RI= 1. 12, CR=0)

Corresponding set of criteria weights is Technical - 0.352, Economic- 0.141, Social -
0.095, Behavioral- 0.246 and Commercial - 0.167. The sum of all weights 1s umty.
The values of consistency index and consistency ratio are zero as the present method

uses direct judgments from the respondents.
Pair-wise comparison of devices is carried out for main criteria indicated

below.
101




[ Ch ImC Ke Bie LPG MW EIO SBC PSC

¢ch | 0.889 0.891 0.851 0.702 0.726 0.726 0.926 0.914
ine 1124 1 1,002 0956 0.790 0.816 0.816 1.04] 1.027

Ke  1.122 0998 | 0.055 0788 0.815 0.815 1.040 1026

Bio 1.174 1,045 1.047 | 0.825 0.853 0.853 1.089 110:;4 (9)
LPG 1422 1265 1.268 1211 1 1.034 1.034 1318 1:300 JorTechnial
A 1375 1224 1226 1171 0.967 | 1.001 1.275 1.257

g0 1575 1224 1226 1.17) 0967 1001 1 1275 1.257

SBC 1.079 0.959 0961 0918 0.758 0.784 0.784 | 0.986

pSC 1.094 0973 0974 0931 0768 0.795 0.795 1.014 1

((hanae = 9, N'=9, CI=0, RI= 1.45, CR=0)

Following these. 5 matrices of 9 x 9 are formulated. Corresponding set of weight of

devices for all decision making groups with respect to Technical Criteria are;

Chulha(Al) - 0.0929 , Improved Chulha (A2) -0.1044, Kerosene Stove (43)- 0.1042

Bies Stosefdd) =0,1091; PG Biovs {L3) - 0:1321, Mietoviave Oven (A6)- 0.1278

Electric Oven (A7) - 0.1278, SBC (48)- 0.1002, and PSC (49) - 0.1016. Pair-wise

comparison of devices i« carried out for all sub criteria as above. Following these 30

matrices of 9 x 9 are formulated to evolve sub-criteria weights factors for all the

devices. Comparison of devices with respect to main criteria is calculated to evolve

priorities of devices with respect to main criteria for all the groups. A sample
is carried out and tested for

calculation for overall matrix indicated below

inconsistency (rmax = % N=9, CI=0, RI= 1.45, CR=0).

Tech Eco Soc Beha Comm

Ch 0.0929 00118 0.0738 0.1026 0.1158
ImC 0.1044 0.1265 0.0900 0.1062 0.1060 (10)

Ke 0.1042 0.1126 0.0794 0.1028 0.1235

Bio 0.1091 01118 0.1058 0.1097 0.1235

LPG 0.1321 0.0963 0.1106 0.1123 0.1215

0.1156 0.1145

0.1278 00796 0.1244

Mil

ElQ 0.1278 0.0881 0.1279 0.1272 0.1147

SBC 0.1002 0.1344 0.1464 0.1123 0.1042
0.0992

PSC 0.1016 0.1321 0.t417 0.1114

o



Choosino the Best Device

Allter obtaining weight vector, it is then multiplied with the weight coefficjent
of ¢lement at higher level (that is used as criterion for pair wise comparisons).
Procedure is repeated upward for cach level, until the top of the hicrarchy is reached.
Overall weight coefficient, with respect to goal, for each decision device s then
obtained. The device with the highest weight coefficient value should be taken as the
best device. The final composite priorities of devices are calculated by linear

combination of products of criteria weights and corresponding columns of above

matrix.

Test of Consistency

Small changes in pair-wise comparison matrix imply small changes in
maximum Eigenvector value (Anay) of the matrix. It is also necessary to test the
Consistency because of the varied importance of each hierarchy, Consistency ratios
are computed for the judgments of evaluation as well as on entire hierarchiecal
structure. The consistency ratio of less than 0.1 is acceptable. Consistency ratio s the
ratio of Consistency Index (CI) and Average Random Index (RI) where RI is CI for
randomly generated pair-wise comparison matrix. For a matrix of size K,
COnsistency Index is calculated as C.I. = (Ao N')/ (N7 - 1). When the consistency
has been calculated, the result is compared to those of the same index of a randomly

generated reciprocal matrix from scale 1 to 9 with reciprocals forced. This index is

called the Random Index (RI) which is shown in Table 4.10

Table 4.10 Relation between Size of Matrix and Average Random Index

T 7 8 9
Size of Matrix 1 2 3 4 5 6
Average RI 0.00 000 058 09 1.12 124 132 14] 1.45

= 103




The detailed discussion on the results based on the above has been presented

in section 5.2 of the next chapter (results and discussions).

4.6.3. Development of Software
The need is felt to develop a custom built computer code to compute the

preference of PSC over all the identified devices by using the priority structure. The

module developed consists text boxes for taking standard inputs, buttons to activate a

process. input boxes to take the matrix input and user choices, message boxes to alert

the user by displaying appropriate information, flex grid to display the pair wise

comparison matrix and gives graphical output. The software can handle a maximum

of 30 elements at each level. The software takes elements in upper triangular matrix,

fixes diagonal elements as unity and computes the lower triangular matrix by

reciprocals as discussed eatlicr,

After giving input it prompts for any change in the above matrix before

calculating Eigen values. Then difference between two successive Eigen values are

shown on confirming becomes the Eigen vector for that matrix. The maximum value

of the Eigenvectors is the best device. It also has the sensitivity analyses option from

which one can change any of the pair wisc comparison matrix and the check how it

affects the decision making. This is very useful because often data in multi-criteria
decision making problems is uncertain and changeuble. The module is developed in

Visual basic 6.0. Figure 4.8 shows the flow chart of the program.




v

Read number of eriteria mnd devices

v

’ Read the enteria and devices mames

'

/ Read the poir wise comparison matrix for criteria
and compute Ergen vectors

'

Read the device pair wise comparisont matrix for each sub
criteria and compuie Eigen vectors

/

r

Multiply weights of criteria with weight factors of devices _!

I

[ Show the ranks of the allematives I

P
r Another set of parameters? ‘ N
’

I

Figure 4.8 Flow Chart for AHP

To make the module interactive and user friendly interactive screens are

developed. Few of the graphical user interfaces are shown in Figures 4.9, 4.0, 4.11

where the welcome screen, interim computations and final graphical output facility

respectively are indicated.
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Figure 4.9 Start Window with Instructions and Objective
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Figure 4.10 Interface for Weight Inputs of Devices
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Figure 4.11 Bar Graph Window Showing Output

4.6.4. Sensitivity Analyses

Sensitivity analyses are performed for all the decision making groups to assess the
cffect of parameters on the ranking pattern, The ranking of PSCs is studied for ajl the
decision making groups. Five most sensitive cooking energy devices amongst the pool

of devices are considered for ranking. The sensitivity runs arc also taken to cheek the

influence of weightages over the ranking pattern. More than fifty permutations and
combinations of changes in weightages and performance of devices are attempted.
The details of which are given in section 5.5 (sensitivity analyses studies).

4.7. Multi Attribute Utility Assessment

Utility is a measure of desirability or satisfaction and provides a uniform scale

mbine tangible and intangible criteria for ranking of devices.

to compare and/or co
y is developed to help decision makers 10 assign utility

107

Multi Attribute Utility Theor
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mode| is employed in the present problem for assessing relative utility of PSC. The
advantage of the additive form is its simplicity (Butler ef af, 2001).

However, it is observed that MAUT is not very extensively used in —
planning, This may be due to requirements of interactive decision environment
required for formulating utility functions and complexity of computing scaling

constants using the algorithm. Selecting portfolios for solar energy projects (Golabi er
al, 1981}, energy policy making (Jones ¢/ al, 1990), environmental impact assessment
(McDaniels, 1996), electric power system expansion planning (Voropai and Ivanova

2002) and strategic decision making for hydro projects (Mladineo ef «f, 1987) are the

applications identified in the literature.

4.7.1. Formulation of Evaluation Matrix

The evaluation matrix is formulated as discussed in evaluation by outranking
asked to assign their judgments on a 10 point linear scale for

The experts are
g of criteria in order of importance to 1dentify the scaling

qualitative criteria. Rankin
s carried out. Table 4.11a indicates the

constants for criteria and sub-criteria level i
lem. Tables 4.11b to 4.11e indicate

aggregate evaluation matrix for the present prob
- different groups. The Judgments for qualitative criteria are

the evaluation matrices fo
aggregate opinion of all the respondents computed by arithmetic means of all
om the literature. Table 4.11f shows

responses whereas quantitative criteria are fr

standard deviation for all the decision making groups.

-



8¥E0'0 5L0'9 8059 Lor'g 009'8 §Z0L 00b°S SLI'O £36'€ T6T e ‘61 49
££00°0 ST £8€°8 SLPS L16'S 0SES L96'S ey R0L°S SLI'S ‘810
96200 859°L 089°L vt 8cE'g 808°L 609 AVAS L'y 050°% ‘UL D
LIZOD £69'6 0556 g€y §T6'L £899 STLY Zr9'y €ETS 806'€ 91 %D
0£20°0 000°€ 000°€ 000°E1 000°€| 000°€1 000'0 0000 0000 0000 €1 9D
7sT00 000°000Z 000°008 000°0 0000 0000 0000002 0000 00005 0000 ‘1D
PLZ00 00002 00008 000'002 600002 000°0¢ 000002 00005 0000 0000 €199
L6700 000°0 0000 000°00% 000'00Z 000'05Z 0000 0007001 00001  000°0Z U0
1LEO'D 000°000L 000'000T 0000005 0000008 000'000% 0000005 000002 00005 00001 1A
[LEDO L98 6¢'8 L91'9 T6T9 0509 L99°¢ LI6Y LISV 059y ‘0130

9ZE00 §T6T L9T°¥ 000°0 0000 0000 0000 00070 0000 0000 ‘63D
CELDD S0v°S SLE'S w69 w69 80p°L ost'L €8€L £8TL £8€°L ‘8 W)
01€0°0 Lov'S 80L°S 856'¢ L199 §ZUL L199 80€°L LEEL WL ‘LA

TELO0 000°¢l 000°¢ 000'€ 000°S 00001 00008 000T 000'1 000T ‘93

9ze00 Ire's £E¥'S LISS 0’6 LIS'L 806'S 008 ¥ SL8% 2082 S W)

9LEDO o9 £E9'¢ $SLL o' 8518 856'S 66'S WIS 0s1°¢S ‘v ¥

LOEO0 000°0T 00001 000°'s 000°S 00002 Doo's 000°S1 000'y 000" ‘£ 4

PRED 0 00007 000081 000'0€ 000°S 000°S1 00081 000°0¢ 00009 00009 Z¥D

$SE0'0 0000 0000 000°T 000 0520 0000 00$'0 000°L 000°C 139

Py ON ¥

duyog 6V sV LV 9y SV PV £V v v sadaa(q

WaWSSassy K1) 10] XMey UoNen|eAs] |[BI9AQ B ['F d[qeL



Devices Al A2 A3 A4

CR No
CR20. 4383 4775 5.767 5.483
CR 21 6.250 6.417 5.492 6.500
CR22. 2.975 3 850 4.167 5.400
CR23. 5.475 5.508 6.242 6.408
CR 24. 8.017 8.200 7.942 8.025
CR25. T 7.883 7,633 7.692
CR26. 4350 5.150 5.392 5.817
CR27. 6.733 6.250 6.683 6.108
CR 28. 6217 5717 7283 5.542
CR29. 3.475 3.950 5317 5.308
CR 30. 8.850 1317 8.117 7.075




A5 Al A7 A8 19 SC(I”I!?.
Constant
7.325 6.625 5.750 5.050 5050 0.0314
7.142 6.975 6.975 8.067 §.067 0.038]
7.258 8.858 8.633 8.117 7.992 0.0368
7.883 7.883 7317 6.333 5. 175 0.0387
8.783 7.083 7.050 5.167 5.742 0.0332
8.342 7.267 71.567 5417 5.775 0.0306
5908 6.108 5.683 5.267 5:F17 0.0342
7.208 7.008 6.900 5.058 5167 0.0352
8.083 6.933 T:117 5.067 4.575 0.0355
6.958 6.625 7.042 5.858 5.800 0.0315
__8.142 6.075 9.51:% 4.783 3.942 0.0323
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Devices Al A2 A3 A4

CR No
CR 20. 2.000 2.500 6.000 5.000
CR21. §.000 8.000 5.500 6.000
CR22 2.500 3.000 5.000 5.000
CR 23. 4.500 4500 6.500 6.500
CR 24, 8.000 8.000 8.500 9.500
CR 25. 9.000 9.000 9.000 9.500
CR 26. 5.000 6.000 6.500 6.000
CR27. 8.000 7.000 7.000 6.500
CR 28. 7.000 7.000 7.000 5.500
CR29. 2.500 4.000 6.000 4.500
CR 30. 10.000 9.000 9.000 8.500




AS Ab A7 A8 A9 Scaling
Constant

9.500 7.500 4.000 3.000 1.000 00328
6.500 5.500 5.500 9.000 9.000 D0332
8.500 9.500 9.000 £.000 7.500 00332
9.000 10.600 9.000 4.000 3.500 0,0419
10.000 7.000 7.000 4.000 3.500 0.0259
71500 7.000 7.000 6.000 5.500 0.0308
6.500 5.500 5.000 5.000 5.000 0.0332
6.500 6.500 6.000 3.500 4.000 0.0419
8.000 8.000 8.000 5.000 4.500 0.0394
7.500 6.500 6.500 4.500 4.000 0.0308
9.500 6.500 6.000 5.000 3.500 0.0308
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Devices Al A2 A3 A4

CR No
CR20 $.200 5.600 6.400 5.600
CR21. 6000  6.000 5,600 7.600
CR22 1600 4800 5.200 6,800
CR23. 6000 6800 6,000 7200
CR24. 8400 8400 8.400 §.000
CR2S. £.000 £.000 7.600 7.200
CR26. 4800 4800 4.400 4800
CR27. 6800 6,800 7,600 6.400
CR28. 5200  4.400 7,600 5,600
CR29. 4400 4400 5.600 6.000
CR30. 7600 5600 6.800 5.600




AS A6 A7 A8 A9 Scaling
Constant
6,800 6.000 6.000 5.200 5.200 25
6,800 6.400 6.400 7.600 7.600 0.03%2
6.800 8.800 8.800 $.800 8.800 0.0441
1,200 6.400 6.400 6.400 5.600 0.0392
8.800 6.800 7.200 5.600 6.000 ot
8.400 6.400 6.800 4,400 4800 o
4.000 4.400 4.400 6.800 6.800 0.0343
8.000 7.200 8.000 6.000 5.600 0.0343
8.800 7200 8.000 4.000 3.600 0.0294
6.000 6.000 6.000 5.200 4.800 0.0245
6.800 5.200 4.800 4.400 3.600 e
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Devices Al AZ2 A3 A4 A5

CR No
CR20. 6.000 6.000 6.000 6.000 6.000
CR21. 6.000 6.000 5.200 6.400 7.600
CR22. 2.800 3.600 2.800 4.800 6.400
CR23. 4.400 4.400 4.800 5.600 8.000
CR 24. 8.000 §.400 7.200 7.600 8.000
CR25. 7.200 7.200 7.600 6.400 8.800
CR 26. 3.600 4.800 6.000 6.800 6.800
CR27. 6.800 7.200 6.800 7.200 8.000
CR28. 8.000 6.800 9.200 6.400 9.200
CR 29. 4.000 4.400 6.000 6.400 8.000
CR 30. 8.800 7.600 8.000 7.200 7.600




A6 A7 A8 A9 Scaling
Consrant

6.000 6.000 6.000 6.000 0.0325
8.000 8.000 8.000 8.000 0.0405
8.800 8.400 8.000 8.000 0.0371
8.800 7.200 7.600 6.000 =
7.200 6.000 4.400 4.800 0.0304
6.000 6.800 3.600 4.800 B
7.200 6.000 3.600 4.000 0.0337
8.000 7.600 6.400 6.400 0.0325
7.200 6.800 5.600 5.200 freazl
8.000 8.000 6.400 6.400 0.0304
5.600 5.600 4.400 4.000 0.0525
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Table 4.11f Standard Deviation of Evaluation Matrices for Decision Making Groups

g;{u\c‘i: Az A3 A4 A5 A6 AT A8 49
((?:1}:71 000 0000 0000 0000 0000 0000 0000 0000 0.000
o 2000 0000 0000 0000 0000 0000 0000 0.000 0000
. 0000 0000 0000 0000 0000 0000 0.000  0.000  0.000
Lo sis 13 1760 1294 0552 0344 0506 1510 1.294
;‘:63 ragp Odll (OOD G&12 Q2IB 059 UEE OE0 0529
. o000 0000 0000 0000 0000 0000 0000 0.000 0000
CR7. s lose 0759 0795 1037 0985 1334 0738 0313
CRS. o0 2233 2064 0661 2326 1447 1447 1410 1516
CRO. (000 0000 0000 0000 0000 0.0 0000 1.018 0457
150 1284 0999 0636

CR10.  ge5 0354 0233 0573 0601
CR11.  ggo0 0.000 0.000 0000 0000 0,000 0000 0.000  0.000

CR12. 0000 0.000 0.000 0.000 0.000  0.000 0.000  0.000  0.000
CR13. 0000 0.000 0.000 0.000 0.000 0.000 0.000  0.000  0.000
CR 14. 0.000 0.000 0.000  0.000 0.000  0.000 0.000  0.000  0.000

0000 0000 0000  0.000 0.000  0.000

CR15.  gooo 0.000 0.000
0507 0538 0673 0526 0427

CR16.  ggsy 0727 0634 0670
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0509 0463 0529
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The analysis i .' :
e analysis is carried out on the basis of overall evaluation matrix. The evaluati
% evaluation

matrix is formulated the procedure as discussed in section 4.5.1. Standard deviati
e tation

shows the robustness of judgments by all the groups.

4.7.2. Application of MAUT
Multi-attribute Utility Theory takes into consideration the decision maker's

preferences in the form of utility function which is defined over a set of attributes

The utility value can be determined in the following three steps.

! Determination of single attribute utility functions. The values of utilities

vary between zero and one and reflect the level of importance in the

achievement of that attribute.

Verification of preferential and utility independence conditions.

i Derivations of the multi attribute utility function.

A utility function is a device which quantifies the preferences of a decision-
maker by assigning @ numerical index to varying levels of satisfaction of a criterion.
For a single criterion (X, the utility of satisfaction of a consequence X "is denoted by
u(x’). Utility functions are constructed such that i (x) 18 less preferred to w (x"), i.e, u
(x') < u (x"). if and only if x is less preferred to x 7, ie x’ <x" Inother words, a
utility function is a transformation of come level of performance, x ', measured In its
ent level of decision-maker satisfaction, as shown in

natural units into an equival

Figure 4.12.
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Figure 4.12 Increasing Utility Functions

Theoretically, decision makers comprise three types: risk averse, cistearetival. and
risk prone, as shown in FIgUIEs 413ab&c respectively, the decision-maker's risk

attitude being reflected in the shape of the utility curve which combines the decision-
reasing or Jecreasing utility with increasing x .

maker’s preference attributes, i.e. In¢

(¢} Risk prose

' (b) Risk neutra)

{2} Risk avene

pes of Decision Makers

Figure 413 Ty
All decisions involve choosing one, from several, devices. Each device is
assessed for desirability 0n @ number of scored criteria. Utility function connects the
criteria scores with desirability The utility functions ar€ of two important forms. The
gcision maker's gverall utility function 18 additively separable
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function is the additive model.

U, = k oty . forall i
(ry

HWhere
U, is the overall utility value of device i
i, is the utility value of the j " eriterion for the i ™ device
u ,equals w (X)), for [ 2i2 nandi2>j2m
X, equals(x y)for/2iz nand / 2/ 2 m
17 is total number of criteria, m 1s total number of devices

k , is the scaling constant of ; " criterian

Identification of Best and Worst Qutcomes

The first step involves identification of the best and worst outcomes (criter:
ria

scores > > criteria. T '

res) of each of the criteria. he present problem s decomposed nto a hierarch
< y

the hierarchy, five major criterions and thirty sub-

with utility (objective) at the top of
Qualitative comparisons are used

Criterions at levels and sub-levels of the hierarchy.
and 10 arc allotted

for weighting of non-quantifiable elements. The values of 2, 4, 6, 8
low, moderate, high and very high

to indicate values of performance for very low,

respectively. The best atility is allotted value of unity and the worst as zero, Some of
vely oriented In terms of

the criteria (for example different costs) are negat

desirability and are appropriately allocated the relative utility value

Assipnment of Intermediate Utilities
values utility functions are

assumed to be linear, The

To assign intermediate
)g the evaluation matnx as

intermediate utility values are thus obtained by narmalizis

-
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planning problem (Keeney and Raffia, 1993).

| ‘l) = g
Ao =l Jor maximization criteria (12)
H(].) — Ama\ .- ‘
A=A, Jfor minimization criteria (13)

Tables 4,122 to 4.12e shows the normalized evaluation matrix based on the above

computations.

Computation of Final Utilitics

Following the above normalization of evaluation matrix is computed. The
final utilities are computed by multiplying the normalized utility values (on the scale
of zero to one) by respective scaling constants and finally adding the utilities of

devices as follows.
W
Utility = Z kou, (14)
I

The results of evaluation are presemed in section 5.3 (multl attribute utility

assessment)

4.7.3 Sensitivity Analyses

re carried out o formulate strategies for increasing the utility of

Sensitivity analyses a
the decision making groups. The

PSC. The ranking of PSCs is studied for all

aken to check the influence of weightages over the ranking

sensitivity runs are also t
in weightages and

ns and combinations of changes

paltern, Different permutatio
on 5.5

performance of devices are attempted. The details of which are given in secti

(sensitivity analyses studies).



Chapter 5:Results and Discussions

This cl
B Tt )1C Ao - 5 ~ .
pter presents the results of multi criteria evaluation stud
ation studies on

identified i
ooking energy devices with special reference to PSC. Tl
. Three evaluati
on

met! S X
1odologies namely PROMETHEE (outranking), AHP (priority) and M
and MAUT

(utility -
ility) have been applied to the present problem of assessing the overall useful
all usefulness

of cooki . s v mw g
oking energy devices in multi criteria contexts.

The Spearman correlation coefficient test is employed to get the d
egree of

correlati : . S
tion among the ranks obtained by different multi criteria evaluation method
1048,

Sensitivity analyses are performed to know the effect of parameter chang
€s on

the ranki - ; - .
ranking of PSC with a view to suggest alternative strategics for its bet
: setter

dissemination in Indian populaces.

5.1. Evaluation by Outranking (PROMETHEE)

MCPI is computed for all the

ing the formulations of pay off matrices,
p by step approach of PROMETHEE as

Follow

decision making groups following ste
ween devices for criteria was calculated for

ction 4.3. Difference bet

discussed in se
x 0. A sample matrix for fuel consumption

all the 30 criteria yielding a matrix of 9
d indicating the difference between criteria

overall pay-off matrix an

(CR 1) based on
puted for 30

Preference function for criteria was also com

is as shown in Table 5.1.
A sample matnx for fuel

criterion function.

dering the usual

criteria consi
ng the assignment

pay-off matrix and indicati

consumption (CR 1) based on overall

of preference function is as shown in Table 5.2.




Table 5.1 Difference between Devices for Fuel Consumption (CR 1)

Al A2 A3 A4 AS A6 A7 A8 A9
21500 -2.000 -1.175 0.000 0.000 -2.000 -2.000

Al 0.000 -1.000
A2 000  0.000 -0.500 -1.000 -0.750  1.000 1.000  -1.000 -1.000
A3 sy G800 Ry 6800 U330 LSE0U WSEOD 05000 Ui
Ad 000 1.000 0500 0000 0250  2.000 2.000 0.000  0.000
A5 1750 0750 0.250 -0.250  0.000 1.750  1.750 -0.250 -0.250
Ab 0000 -1.000 -1.500 -2.000 -1.750 0.000 0.000 -2.000 -2.000
A7 0,000 -1.000 -1.500 -2.000 -L750 0.000  0.000 -2.000 -2.000
A8 2000 1.000 0500  0.000 0250 2000 2000 0.000  0.000
A9 5000 1.000 0500 0000 0250 2000 2.000 0.000  0.000
Table 5.2 Preference Functions for Fuel Consumption (CR 1) for the Devices
Al A2 A3 Ad AS A6 A7 A8 19
Al 5000 1000 1.000 1.000 000 0.000 0.000 1.000 1.000
A2 0000 0000 I 000 1.000 1 o000  0.000 0.000 1.000 1.000
A3 o000 0000 0000 ! 000 1.000 0000 0000 | 000 1,000
A4 0.000 0.000 0.000 0000 0000 0000 0.000 0,000  0.000
AS 0000 0000 0000 000 0000 0000 0000 1,000 1,000
A6 0.000 1.000 1000 000 0000 0.000 0000 1000 1000
A7 0000 1.000 1.000 1000 1.000 0.000 0,000 1.000  1.000
A 0.000 0.000 p.,000  0.000 0.000 0.000 0.000 0000 0.000
A9 0.000 0000 0.000 0000 0000 0.000 0.000 0000 0000

dex and ranking pattern for the devices is shown in

Multi Criteria Preference In
atrix are Zero as alternat

i jves are
gonal elements in the m 2

Table 5.3a to 5.3¢. The dia
d by adding all rows

as explained by

Values are obtaine

compared with sanie: ¢
ave been obtained by adding columas us explained by

#- Values h
quation 5

Equation 3.
¢ values have been obtained as explained by E

Equation 4. Net
e

e asceusee—
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The highest net ¢ value is considered to be the best, whereas low ¢ is th
’ e

least preferred. In the present study LPG Stove having a maximum net ¢ value of s

found 10 be the most preferred device and chulha having a minimum ney 3 viliie of

s found to be the least preferred device. The most preferred device was found to be

LPG as per all the respondent groups, the net ¢ being 3.261 as aliotted by the

Overall evaluation and 3.184, 1.979, 2.364, 2.093 as per the policy makers

fCsearchers, educators and users respectively. The positive net ¢ values are

Indicating that the said device has more strengths as compared to the weaknesses op
all the criteria applied. The least preferred device was found to be chulha as per al]

the respondent groups, the net ¢ being -2.470 as allotted by the overall evalyatiop

and -1.665,-1.558 -1.998, -3.329 as per the policy makers, researchers, educators -

users respectively. The negative net ¢ values are indicating that the said device has

More weaknesses as compared to the strengths on all the criteria applied. The ranking

Pattern for other identified devices does not resemble such clear judgments, Tapje

5.4 presents the summary of results for PSC.,

Table 5.4 Summary of Outranking Evaluation for PSC

TST~¥G‘raup @° 4 ¢ Rk
No

1 Overall 3.5616 4.1515 -0.5899 g
2 Policy Makers 3.3062 4.1185 -0.8123 6
3 Researchers 3.6120 3.7690 -0.1560 5
4 Educators 3.4110 3.6300 -0.2180 5
5 Users 4.0894 3.2474 0.8419 s

e




From the Table 5.4 it is clear that PSC is occupies fifth to sjxth rank in the
Cooking energy ladder identified for the present problem. Most of the respondent

groups have indicated that weaknesses are predominant over the strengths However:

the user group has recorded a different judgment. Since the net ¢ value is indicative
of relative strengths over the weaknesses in that particular group, its magnitude hag
hittle significance. The competing devices in the evaluation are LPG, microwave and

electric oven, biogas stove and kerosene stove in a few cases. Figure 5.1 shows the

summary of rankings.
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Figure 5.1 Summary of Rankings by Outranking Evaluation

Figure 5.1 indicates confirms the consumer affluence of cooking energy
technologies as discussed in introduction to the thesis. However, the ranking PSC is

found to be competitive to SBC. The sensitivity analyses to devise alternative

o rds the end of this
Strategies for improvement in the rank of PSC are discussed towa

chapter,




5.2. Evaluation by Priority (AHP)

F : . :
oflowing the computation of weightages for criteria as discussed in section 4
ction 4.4

Of the > .
he methodology and the formulation of hierarchical structure, pai
, pair wise

col 1sons : ; " S 3
nparisons are performed for all the 30 criteria involved in the problem. Si I
. omgee the

IT . . . . .
1ethodology followed uses direct weighing of criteria the check for inconsistency i
ney is

n e : .
ot required as such. However, the consistency ratios for all the 9 x 9 matrice
S are

computed using MATLAB and is found equal to zero ((Amax = 9, N'=9, CI=0, R]=

1.45, CR=0).
The sample calculations for local prierities of durability (CR 3) are shown in
dology the local priorities for all the devices are

Table 5.5. Following this metho

computed for all the decision making groups.

Table 5.5 Pair-wise Comparison Matrix for Durability (CR3)

A8 A9 Priorities

A4 A5 A6 A7

Al A2 A3

Al 025 0067 02 505 02 02 01 005 00118
A2 4 [ 0267 08 02 08 08 04 02 0.0471
A3 I1s 3.75 ! 3 o075 3 3 13 0.75 0.1765
Ad s 125 0333 | 025 | 1 05 0325 0.0588
A5 20 s 1333 4 1 4 4 2 1 0.2353
Ab s 125 0333 | 0325 | | 05 025 0.0588
A7 s 125 033 | 025 1 | 05 025 0.0588
Al 0 25 0667 2 05 2 .2 . 03 0.1176
A9 20 5 1.333 4 1 4 - 2 l 0.2353
d weightages yield global

s of these local priorities an

The summations of produc
ghown in Table 5.6.

priorities for the devices. The global priorities are

==



Table 5.6 Global Priorities for the Devices

Devices e fcy oS€ ;

Overall ﬂzxok!;cr)s Researchers  Educafors Users

:; 0.0882 0.0859 0.0868 0.0830 0.0748
" 0.0894 0.0912 0.0895 0.0901 0.0850
- 0.0906 0.0970 0.0907 0.0872 0.0828
0.1213 0.1205 0.1286 0.1231 0.1185

A3 0.1341 0.1435 0.1325 0.1392 0.1376
A6 0.1277 0.1362 0.1236 0.1324 0.1292
A7 0.1303 0.1269 0.1228 0.1241 0.1283
= 0.1078 0.0987 0.1135 0.1098 0.1162
aud 0.1108 0.1002 0.1120 0.1111 T8

aximum global priority is preferred by the decision group. An

The device with m
cates that LPG has been given highest global

analysis of the global priorities indi
priority by all the Jdecision making groups and chulha has been given the least
priority by the respondent groups. This is perfectly matching with the rankings
discussed in previous chapter. Table 5.7 presents

computed by outranking method as

the summary of results for pSC.
Table 5.7 gummary of Priorities for PSC
/ = =

Sr Group Priority Rank

No

| Overall 0.1108 5

2 Policy Makers 0.1002 5

3 Researchers 0.1120 6

4 Educators 0.1111 5
0.1277 4

Users

5 B
S B



The magnitude of global priority values are indicative of relative strengths

over the weaknesses in that particular group and have a little significance in

comparison with the magnitudes obtained by other evaluation W —

From the Table 5.7 1t s clear that PSC is occupies fourth to sixth rank in the

cooking energy ladder identified for the present problem. The competing devices in

the evaluation arc LPG, microwave and electric oven, biogas stove and kerosene

stove in a few cases. Figure 5 72 shows the summary of rankings by priority.

g
8 '.
=
4 % |
= :
8 | & : ‘
:3 - - !
x5 E "
) :;>:°-i :: l
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ankings by Priority Evaluation

Figure 5.2 Summary of R

Figure 5.2 confirms the consumer affluence of cooking energy technologies as
discussed 1n introduction 0 the thesis. HowevVer, the ranking PSC is found to be
competitive 10 grC. The sensitivity analyses 10 devise alternative strategies for
improvement in the rank of pSC are discussed towards the end of this chapter.

o e k8



5.3. Multi Attribute Utility Assessment

Following the formulations of evaluation matrices, the utility of identified devices is

computed for all the decision making groups applying the step by step approach of

MAUT as discussed in section 4.0 of the previous chapter. The evaluation matrices

are normalized by assigning maximum utility for a device is assigned as one and the

minimum as zero. The intermediate utilities of other devices under the sub-criteria are

determined by “Mma linear utility functions

as discussed in section 4.7.2 of the methodology. The linear utility functions are
ice selection is a risk neutral problem involving not much

employed since the dev
Jluation matrices for all the decision making groups

investment. The normalized ev

are presented in Table 5.8.
a weightages and the normalized utilities yicld the

The product of sub eriteri
he devices. The summation of utilities of a device on all the sub

local utilities for t
fied device. Tables 5.9a to 5.9 e present the

1e final utility of the identi

criteria gives t!
s on all the sub criteria. The last rows in

for the identified device

final utility values
rank obtained by the device.

the tabulations indicate overall utilitics and the



Table 5.8 Normalized Overall Evaluation Matrix

Devices Al A2 A3 A4 A5 A€ A7 A8 AY
CR No
CR 1. 000 0500 0750 1000 0875 0000 0000 1.000 1000
CR2. 1636 0686 0857 0943 0943 1000 0857 0000 0914
CR3.  ggo0 0158 0737 0211 1000 0211 0211 0474 1.000
ORA g gaés 780 086 10g 096l 0857 DIGL 023
CR 5. gqo gnill DA 0dBF DRG3 100 DIE Sl A0
CR6.  gogo 1000 0980 0000 0816 0918 0939 0518 0714
CR 7. oo0 0000 0888 0S54 0896 0554 0237 0116 0000
CR 8. 0988 0939  0.988 0873 1000 0770 0770 0.000 0.016
CR S, {000 1.000  1.000 1000 1000 1.000 1.000  0.000 0330
CR10. o0 0043 0069 0265 0364 0427 0395 1000 0967
CRII.  jgoo 0995 0976 037 0.501 0.000 0375 0751  0.125
CR12.  poso 0075 0750 1000 037 0500 0000 1.000  1.000
CR15. . apg Logo 0750 0000 0750 0000 0000 0750  0.900
CR14.  ggop 0025 0000 1000 0000 0.000 0000 0.250  1.000
CR 15 | ooo  1.000 1.000 1.000 0000 0.000 0.000 0.769  0.769
R 6 ].000 0769 0.872 0.508 0.515 0298 0262 0.015 0.000

' | o o144 0019 0000 0180 0.178
CR17. o0 0831 0620 033 %

' 0210 0358 0243 1000 0.933
CR18. g5 0304 0000 03707

' 0703 1000 0918 0606 0524

CR19. o0 0.130 0.543 0.397

1.000
CR 20. 000 0.114 0402 0320 L
CR 21. 2'294 0359  0.000 0392 0.64] 0576 0576 1.000 1.000

CR22.  gooo 0149 0203 0412 0728 1000 0962 0874 0853

0765 0356  0.125
0388 1.000 1.000
CR23.  gpoo 0014 gfﬂ‘sj 0700 1000 0.530 0521 0.000 0.159

0797 0397 0.194  0.194

CR 24. 0.839 000 0.877

CR 25. 3;?2 0157 0242 0222 0.000 0.32§ gigz (1)'221 oy

CR26.  goc0 0455 0592 0.834 0.886 1.207 S D U

CR27.  gq79 0554 0756 0488 1000 0-672 oMo 000

CR28.  qaes 0325 0772 0276 1000 O 3 M D

CR 29. ' 0133 0516 0514 0977 088 L O b
0.000 0435 0321

CR30. ygop 0769 0831 0638 0.856




Table 5.9a Overall Utility Matrix

Devices Al A2 A3 A4 AS Ab A7 A8 49
CR No
CRT. 0000 0.0178 00266 00355 00311 0.0000 0.0000 0.0355 0.0355
CR2L  ggac3 00263 00320 00362 00362 0.0384 00329 0.0000 0.035]
CR3.  g0000 0.0063 0.0293 00084 0.0397 0.0084 0.0084 0.0188 0.0397
CR4. 40000 00061 00105 0.0101 00376 0.0361 0.0326 0.0060 0.0111
CRS. (0000 0.0056 0.0088 0.0162 0.0262 00326 00299 0.0137 0.0164
CR6. (o325 00332 00325 0.0000 00271 00305 0.0318 0.0305 0.0237
CR7.  gg310 00279 00275 00172 00278 00172 00073 00036 0.0000
CR8. o331 00314 00331 00292 00335 00258 0.0258 0.0000 0.0005
CRO. 40326 00326 00326 00326 00326 0.0326 0.0326 0.0000 0.0108
CR10.  4gp00 00016 00026 0.0098 00135 00159 00146 0.0371 0.0359
CRII. o371 00369 00362 0013 00186 0.0000 0.0139 0.0279 0.0046
CR 12 0.0278 0.0286 0.0220 0.0293 0.0110 0.0147 0.0000 0.0293 0.0293
“ 2
CRI3.  gp74 0.0274 00206 0.0000 0.0206 o.ooog ggggg 32626 0.0247
CR14. 0000 0.0006 0.0000 0.0252 0.0000 0.0000 0. 0063 0.0252
CR 15 00 0.0000 0.0177 0.
CR 16 ' 00110 00112 00005 0.0057 0.0003 0.0000
00217 00167 0018 %
CRA? ‘ 46 00184 0.0158 00043 0.0006 0.0000 0.0053 0.0053
CR IS — 0'021 00000 00161 0-009! 00155 00105 00433 0.0404
CR]9. 0007 0'0135 0.0139 0.0138 0.0245 0.0348 0.0320 00211 0.0182
CR 20. w84 0126 00100 00314 00250 0.0125 0.0061 0.006]
CR‘)]- 0.0000 0.0036 0-0000 00149 0.0244 00219 0.0219 00381 0.038
CR;. o112 00137 " 075 0.0152 0.0268 0.0368 0.0354 00322 0.0314
CR > o000 000 » 53 0-0150 0.0387 0.0387 0.0296 0.0138 0.0048
CRB. e iy 0.0155 0.0252 0.0332 0.0176 0.0173 0.0000 0.0053
& 2. o062 0027 0'024 00068 0.0000 00112 0.0081 0.0306 0.0269
R25. 40065 0.0048 0.007% = ;2 00259 00178 00149
CR 203 00285 0.0303 0.03
C 6. qo000 0056 B ¢ 00172 00352 00310 00302 0.0000 00018
R 0266 O '
C 7. g 0019 L4 00098 00353 00239 00257 0.0050 00000
R28 ggigs 00116 00Tl oo 0078 00 00210 0.0205
CR29. [ oo00 0.0042 0.0163 3-0206 00276 0.0140 0.0104 0.0055 0.0000
CR30. o33 00248 0O2P g3 0.5925 0.5265 04871 053
' 4 0.5238 0. .
0.577 f 2 4 8 5

Total 0.4495 0.4958 5
R(lnk v 7 J



Table 5.9b Utility Matrix for Policy Makers

Devices Al A2 A3 A4 A5 A6 A7 A8 A9
CR No
CRT. 00000 00215 00322 0.0429 00375 0.0000 00000 0.0429 0.0429
CR2.  goasn 00280 00350 00385 00385 00408 00350 0.0000 0.0373
CR 3. 0.0000 0.0060 0.0281 0.0080 0.0382 0.0080 0.0080 0.018] 0.0382
CR4.  gol4p 0.0178 00249 00249 00320 00320 0.0249 10.0000 00036
CR5. 0000 00046 0.0069 00137 00251 00320 00297 00114 00137
CRG.  go338 00345 00338 00000 00282 0.0317 00331 00317 00246
CR 7. 0.0211 00169 00126 0.0084 0.0295 0.0253 0.0211 0.0042 0.0000
CRS.  go316 0.0316 0.0316 00259 0.034 0.0288 0.0288 0.0000 0.0000
CR9. 00320 0.0320 00320 0.0320 0.0320 0.0320 0.0320 0.0000 0.0040
CR10.  gopoo 0.0000 0.0000 0.0000 0.0060 00033 0.0000 0.0295 0.0262
CRIL.  go360 0.0367 0.0360 00139 00185 0.0000 0.0139 0.0277 0.0046
CR12.  (g346 0.0355 0.0273 0.0364 0.0137 0.0182 0.0000 0.0364 0.0364
CRI3. o308 0.0308 0.023] 0.0000 00231 0.0000 0.0000 00231 0.0277
CR14.  ggopo 0.0006 0.0000 0.0225 0.0000 0.0000 0.0000 0.0056 0.0225
CRIS. 997 00222 0.0222 0.0222 0.0000 0.0000 0.0000 0.0171 0.0171
CRIS.  ggpg7 00205 00185 00144 0.0123 0.0062 0.004(1) gg?gz 0.0000
CR17. o332 00255 00128 0.0102 0.0000 0.0000 o.gggo s gg;gi
CR18.  ggroz 0.0204 0.0102 0.0051 0.0255 00255 2.0309 0095700906
CR19.  goop0 00024 00333 00119 00190 0.0357 0009 0140005
CR20.  gqoo0 00022 00175 0.0131 0.0328 0.024(1] o oo soo
CR2I.  ggp37 00237 0.0000 00047 0.0095 0.0000 O 0 oo 0072
CR22. o 4 00119 00119 0.0285 00332 0.0308 0. ;
0.0000 0.002 s 00355 0.0419 00355 00032 00000
CRZ3.  ggoee 00064 00193 007 0350 00130 0.0130 0.0000 0.0065
CR24.  ggi73 0.0173 0019 0.0237 0. - 00130 oile 00039 00000
CR25. o270 0.0270 0.0270 0.0308 0.0 o 0.0111 Soonp: G0 00D
CR26.  ggooo 0.0221 0.0332 0.0221 0.0;9 00111 s 00000 00047
CR27. 0419 0.0326 0.0326 0.0279 0.3394 0.0394 e 00056 0.0000
CR28.  ogpg 00281 00281 0O 0'0303 0000 s 00123 000%2
CR29.  ggooo 0.0092 0.0216 0.0123 0.0284 0.0]42 s 00071 00000
CR30. o305 00261 00261 0% 0-7214 55603 04601 04063 04308
Total 0.5305 0.5845 0.6571 0.5318 0. 4 p 7 9 8
Rank _tS/_‘LM




Table 5.9¢ Utility Matrix for Researchers

Devices 117 A2 A3 Ad A5 Ab A7 A8 A9
CR No
CXE ooy gpior 0O g DOJS 00000 G000 DX 0004
CR2 40335 00335 00418 00460 00460 0.0488 0.0418 0.0000 0.0446
CRY  gyuoo 60 mezs GbG7E €04 0I0T 00072 0.0162 0.0343
CR4.  qgy51 00151 00227 00113 00340 0.0302 0.0302 0.0000 0.0113
CRS.  ggo00 0.0020 00102 00123 0018 0.0225 0.0245 0.0041 0.0102
CRG.  gps3n 00441 00432 00000 0.0360 0.0405 0.0423 0.0405 0.0315
CR7.  gg37 00137 00343 00137 0.0343 0.0206 0.0206 0.0000 0.0069
CRS.  oggos 00098 0.0049 0.0245 00000 0.0000 0.0000 0.0196 0.0245
CRO. 0.0196 0.0196 00196 00196 0.0196 0.0196 0.0196 0.0000 0.0098
CR10.  4gp00 0.0000 0.0000 00168 00056 0.0000 0.0000 00336 0.0392
CRIL  g3435 00341 00335 00125 00172 0.0000 0.0129 00258 0.0043
CRIZ  ggymg 00334 00257 0038 00129 0.0172 0.0000 00343 0.0343
CRI3.  ggao4 00294 00221 00000 00221 0.0000 0.0000 00221 0.0265
CR14. (0000 0.0006 0.0000 0.0245 0.0000 0.0000 0.0000 0.006! 0.0245
CRIS. oys 00343 0.0343 00343 0.0000 0.0000 0.0000 0.0264 0.0264
CR 16 ' ' 106 0.0060 0.012] 0.0075 0.0060 0.0000 0.0000
00196 00121 8 00147 00098 0.0098 0.0000 0.0049
ER]?' 0302 00343 0B gg;zi 0.0000 00000 00000 00441 0.0353
CE:E 0.0088 0.0132 gg?gg Louy7 00274 04309 00343 00137 00157
~ 00000 0010 Togl 00245 00123 00123 00000 00000
CR20.  4ogo0 0.006! 0.018¢ 0 5 0.0235 0.0157 0.0157 0.0392 0.0392
CR2L. 0078 00078 090 0'0331 00271 00441 00441 00441 0.0441
CR.22, 0.0000 0.0102 0.0136 O.Oj92 0:0392 20196 00196 00196 —
CR23. g opos 0.0204 009 0.0 L 00294 00110 00147 0.0000 0.0037
CR24.  gop57 00257 002 0.026 qpaSh. 147 U176 00000 0,002
CR25. g opgs 00265 007 0.0209 % ) 00049 00049 00343 0.0343
; 0098 0.00
CR26. (o098 0.0098 0.0049 0. 4 00343 0.0229 0.0343 0.0057 0.0000
CR27. ;472 0.0172 0.0286 0-0113 00204 00204 00249 00023 0.0000
CR28. 4090 0.0045 0.0226 0-0245 (0245 00245 00245 00123 00061
CR29. ;o0 0.0000 0.0184 0-3172 00274 00137 00103 0.0069 00000
CR30. 343 0.0172 0.0274 0-59” 56577 04584 04721 04902 05519
Toral 0.5191 0'5978 b 3 .[ 9 3 6 4

0.4732 2
Rank 7 5




Table 5.9d Utility Matrix for Educators

Devices Al A2 A3 A4 AS A6 A7 A8 A9
CR No
CRT. 40000 00166 0.0248 00331 0.0290 0.0000 0.0000 00331 0.033]
CR2. gops9 00259 00323 00355 00355 00377 00323 00000 0.0345
CR3. 40000 00059 00275 00079 00373 0.0079 0.0079 00177 0.0373
CR4, 0000 00000 00049 00099 00395 00346 0.0247 0.0148 0.0099
CRS. o000 0.0052 0.0069 0.0173 00242 00311 00225 00138 00138
CR6:  gp3s) 00358 00350 00000 00292 00520 00343 00329 0.0256
CR7. 0365 0.0365 00243 0.0183 00304 0.0122 0.0000 0.0183 0.0000
CR8. 0ig3 00365 0.0183 00365 0.0365 0.0091 0.0183
Qegst A 00311 00311 00311 00000 00078
R g oamt 0031 AL 0096 00193 00193 00385 0.0353
CR10. gooe0 00000 00032 0% G 00000 00142 00284 0.0047
CRIL o078 00376 00369 400 0-01]11 00148 00000 0.0296 0.0296
CRI2 qoap1 poasy 00222 AV 0.0213 00000 00000 00213 00256
CRI. ggage qo2s4 0020 A0V g'gooo 00000 0.0000 0.0056 00224
CRIL ogoo0 00006 00090 00 .ooo 0.0000 0.0000 00165 0.0165
SRS s ogus 00213 B 3.3143 00080 0.0096 0.0000 0.0000
CRI6. o207 00175 00223 0.01237 00065 00000 0.0000 0.0065 0.0098
CRI7. o325 00293 00267 0'0290 0l0029 00143 00171 00371 0.0342
CRIS. 171 00200 0007 0'0?25 00340 00371 00309 00278 00247
CR 19, 0.0000 0.0031 0.0124 0.3000 0:0325 20525 00000 00000 0.0000
CR 20. 0.0000 0.0000 0.0000 0-0174 0.0347 0.0405 0.0405 0.0405 0.0405
CR2I.  4gy16 00116 0000 0.0124 00007 7t 0sde 00822 D03
CR22. gogp0 00049 OO0 0'0100 00209 00365 00232 00265 00133
CR23. 4000 0.0000 0.0033 8-0243 00274 00213 00122 0.0000 0.0030
CR24. g go74 00304 0021 67 00311 00144 0.0191 0.0000 ogg;i
CR25. 50215 0.0213 OEZZ 0'0300 0.0300 0.0337 ggzij ggggg E.OOOO
CR26.  ggoo0 0.0112 0. 0'0163 0.0325 00325 0. .0037 O.OOOO
CR 27. g] 00163 0.0081 0.0371 0.0186 0.0148 0. j
. 22260 o148 007 gg:zl;:lz 00304 00304 0.0304 gg;ii gg;gz
CR29. 4000 0.0030 0.0152 0'0217 0.0244 0.0108 0.0108 0.4749 0.50”
CR30.  gg3ps 00244 0027 55422 07253 0.625 0.512§ e
Towl g 4509 04917 ”'S”j B I 2
Rank M

e ———




Table 5.9¢ Utility Matrix for Users

Devices Al A2 A3 A4 A5 A6 A7 A8 A9
CR N,
CRT.  oooo0 00154 00231 00308 00270 00000 0.0000 0.0308 0.0308
CR2. o234 00234 00292 00322 00322 00341 00292 0.0000 0.0312
CR3. 00000 0.0070 00327 00093 00444 00093 00093 0021000444
CR4. 00000 00055 00055 00111 00360 00388 0.0443 “0.0360 00388
CR5. 40000 00103 00103 00186 00331 00393 0035300248 09269
CR6. o302 00308 00302 00000 00251 00283 00295 0.0283 0.0220
CR7. o205 00189 00189 00158 0.0079 0.0063 0.0000 0.0047 0.0063
CRS. o325 00325 00325 00135 0032 0.0190 0.0190 0.0054 0.0000
CRY.  gopp 00222 00222 00222 00222 0.0222 0.0222 0.0000 0.0079
CR10. (go00 0.0081 00081 00202 00363 0.0444 0.0444 0.0444 0.0444
CRIL.  gg376 00374 00367 0014! 0.0188 0.0000 0.0141 0.0282 0.0047
CR12.  ggi79 00183 00141 00188 0.0071 0.0094 0.0000 0.0188 0.0188
CRI3. 40171 00171 00128 0.0000 00128 00000 0.0000 00128 00154
CR14. o000 0.0009 0.0000 0.0376 0.0000 0.0000 0.0000 0.0094 0.0376
CRIS.  (oo74 00274 00274 00274 00000 0.0000 0.0000 0.0211 0.0211
CR16.  goa74 00228 00213 001% 0.0091 00061 0.0046 0.0015 0.0000
CR17. s 00235 00176 00078 00020 00090 0.0039 0.0020
04274 0.0 ools4 0.0185 00246 00277 00400 0.0462
CR18.  gg00 0.0031 0.0062 0157 00224 00359 00337 00314 0.0292
CR19.  ggoo0 0.0045 00090 87 6 00308 00308 00308 00193 0013
CR20.  ggoo0 0.0077 0.0039 00! 0‘0365 00411 0.0411 0.0365 0.0365
CR2I.  ggo00 00091 0.0091 0017 00319 00393 00393 00344 00344
CR22. gqn0 00074 07T O'OI:; 00247 00000 00082 00247 0.0411
CR23. ggi164 0.0000 0032 0.0068 00247 o7 00274 00000 0000
CR26.  gz05 00274 00205 000 00342 s 0305 001z 00154
CR25. 031 0.0092 0.0000 0.0123 00210 6 0037 00188 00U
CR26. 00 00113 0007 0.0146 00263 007 s 0o 0003
CR27. ggig6 0.0000 00186 0.0000 00200 00116 00174 00174 00058
CR28. 00 - 0.0000 00116 0-0382 00205 00185 00287 00267 0.0308
CR2. qgop0 00000 OFT 2-3184 00316 00184 00079 00053 00009
CR30. gq3s2 00316 00316 7% s s 06l 1.5627 0.6276
Total 3763 04327 0.5084 0.4445 I y ; 5 2
Rank _2______§ 6 .




The utility '
g , "
y values obtained for the entire decision making groups are
summarized in

'I‘ab]: o mte e 3 x
e 5.10. The device with maximum utility is preferred by the decisio
n group.

Table 5.10 Global Utilities for the Devices

Devices : 1

Overall n/;;(ﬁi }; Researchers  Educators Users

j ; 0.4495 0.5305 04732 04500  0.3763
3 0.4958 0.5845 0.5191 0.4917 0.4329
y 0.5776 0.6571 0.5978 0.5295 0.5084
s 0.5238 0.5318 0.5911 0.5422 0.4448
o 0.7183 0.7214 0.6577 0.7253 0.7128
7 0.5925 0.5603 0.4584 0.6255 0.5939
g 0.5265 0.4601 0.4721 0.5129 0.6144
0 0.4871 0.4063 0.4902 0.4749 0.5627
0.5239 0.4308 0.5519 0.5011 0.6276

f the global priorities indicates that LPG has been given highest

An analysis 0
s. There are no consensuses on the lowest

| the decision making group

utility by al
ps. Table 5.11 presents the s

ummary of results for

utility values amongst the grou

PSC.
Table 5.11 Summary of Utilities for PSC

Sr Group Utility Rank
1\"0

| Overall 0.5239 5
2 Policy Makers 0.4308 8
3 Researchers 0.5519 “
4 Educators 0.5011 6
5 Users 0.6276 2

N



o

weaknesses I g i _
i that particular group and have a little significance in compari
rison with

l]]’ . 5 . .
¢ magnitudes obtained by other evaluation techniques

Fr - - " .
rom the Table 5.11 it is appears that PSC is occupies fourth to sixth rank in tl
1n the

entified for the present problem. The utilities and ranks

cooking energy ladder id
as 1 ~ ' i
signed by users and policy makers however do not confirm the above results. Tl
o T1e
microwave and electric oven, biogas

competing devices in the evaluation aré LPG,

stove and kerosene stove in a few cases Figure 5.3 shows the summary of ranki
= ings

by utility.
52 &
7 |; M 2
=
6 tLEl [ 3
§iE 3
x5 1
v BNE
e 4 5 ;
3 e @ Oversd
?CE ® Pricy Maker
- :,i':: 23 w Rasoarcher
RESS e s Efucy
1 i d 10F
ol 3,‘: 24 . Usar
Oj’
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Figure 5.3 Summary of Rankings by Utility Assessment
g all the evaluation

) by all the respondent groups usin

The final rankings givel

techniques are shown 11 Table 5.12.
to sixth position in the

eals that PSC occupies fifth

ev
g LPG and least preferred

The above discussion
The most preferrcd device bein

cooking energy Jadder.

being chulha. ////@

—_—



Table 5.12 Final Ranks obtained by Different Multi Criterta Evaluations

Device Al A2 A3 A4 AS A6 A7 A8 A9

Overall

Outranking 0

Priority 9 6 g 7 I 3 2 4 5
Utility 9 7 3 6 1 4 4 8 .

Policy Makers
Outranking 9 8 3 4 ] 2 5 7 6
Priority 9 8 7 o 1 2 3 6 5
Utility 6 3 2 5 1 4 7 9 8
Researchers
Outranking 9 7 4 2 I 8 6 5
Priority Q 7 8 4 1 2 3 6 5
Utility 7 5 2 3 1 9 8 4
Educators

Outranking 9 7 8 4 1 2 3 6 5
Priority 9 7 8 4 ] 2 3 6

Utility 9 7 4 3 ] 2 5 8 6

Users

Outranking 9 8 6 7 1 3 2 4
Priority 9 7 8 5 1 3 4
Utility Y 8 6 7 1 4 3 5 2

5.4. Spearman Ranking Correlation Coefficient

g Correlation Coefficient (R) 15 useful to determine the

s obtained by different mult

4 pillai, 1999), If Us

Spearman Rankin
i criteria

measure of association between the rank

evaluation methods for a particular alternative/device (Raju an
and V; are the ranks obtained by two different multi criteria evaluations for the same
coefficient is defined as follows.

alternative A, then Spearman rank correlation

- — B

e ——




(J.Y.‘ D, .
o A=l
=] ——2= (15)

5

AL 1)

Where

D, =(U,-V,), Aisnumber of alternatives.

R = ] represents perfect association between the ranks,
R =0 represents no association between the ranks

R = -] represents perfect disagreement between the ranks

The value of R is computed to assess the degree of correlation as per the above
equation. Since three methods are employed in the present problem they are
correlated with other two methods resulting in six combinations. Since the relation of
any two A/ and A2 is the same as that of 42 to A/ only three combinations need to be

employed for cach group. Table 5.13 shows the R values between groups of multi

criteria evaluation methods.

Table 5.13 Spearman Rank Correlation Coefficient for Different Evaluations

Methods R Value
Overall Policy  Researchers  Educators Users
Makers
0.3903 1.000 0.8683

0.9012 0.8189
0.6049 0.1193
0.9042 0.5720

Outranking -Priorily
Priority -Utility
Ouiranking - Utility

0.0123 0.7680 0.8518
0.7695 0.7680 0.9012

The analyses of R indicate that there is a goed correlation between the ranks

correlation is not significant in two cases as

obtained by different evaluations. The
utility for researchers and priority utility for

shown in the Table 5.13 viz. priority-
the range of coefficients is from 0.0123 to 1.000

policy makers. MoreoVver,
M‘




5.5. Sensitivity Analyses Studies

A number of parameters are found important in assessing the usefulne f
$S O
2 x .
PSC in India. The parameters are classified as criteria weightages and tl
1e
performance of PSC on these identified criterta. Both the issues are important sii
1ce

they can alter the final ranking obtained by PSC in the cooking energy ladder

An analysis of overall weightages shows that usefulness of the selected

cooking energy devices are governed by technical, followed by behavioral

commercial and social issues. It is also observed that economic criteria have been

given less weightages by the evaluators. Analysis of sub-criteria weightages reveal

that overall safety, durability and ease of operations are given due importance by the
respondents. The rate of interest on loan has been allocated the least weightage.

An analysis of evaluations reveal the strengths of PSC as fuel consumption

alue of food, fuel cost, available subsidy, pollution hazards,

durability, nutrition v
human drudgery, taste of food, cleanliness of utensils etc. The major weaknesses
I cost, sophistication level, cooking time, aesthetics, need

being need of tracking, initia
of additional cooking system, spares, distribution network, market research and need

of user training.
On the basis the above discussion, significant criteria identified for these are

¢ requirements, improvements in quality and

reduction in size/weight and spac
se in available subsidy, better aesthetics,

reliability, reduction in initial cost, increa
of aperation, convenience, type of

motivating potential buyers, improving €ase
ents in models, spares and after sales service, distribution

dishes cooked improvein
network, and market research. Alternative strategies are attempted with different

ed criteria. More than SO sensitivity analyses runs

—

combinations of the above identifi

———————




are taken for rank reversal under each of th
for a few allernative strate

Table 5.14 Rankings of PSC for Al

¢ evaluation methodologies. The rankings

gics are as shown in Table 5.14.

ternative Dissemination Strategics

i:' Alternative Strategy e Outranling Priority Uty

0

| Improving quality and reliability 4 6 : -
2. Reducing the bulk weight, size ele 6 s ’ .
5. Improving sophistication level 5 6 ? i
4, Improving aesthetics 19 5 5 .
5. Motivating potential buyers 20 5 s 4
6. Maximizing ease of operation 23 5 5 i
7. Cooking demos 24 5 5 4
8. Improvement in existing models 26 5 5 4
9. Reducing cost tO Rs.2000 11 6 5 4
10 Increasing subsidy 10 3000 14 6 6 4
11 Improving after sales service 27 3 5 i
12 Improvements in distribution network 28 4 s "
13 Extensive market research 29 6 5 4
14 Improving on all rechnical criteria 1-10 3 5 y
15 Improving on all economic criteria [1-15 4 5 i
16 Improving on all behavioral criteria 19-25 3 4 .
17 Improving on all commercial criteria 26-30 3 3 i
18 Addressing techno economic issues 1-15 2 5 |
19 Addressing technical & behavioral issues 1;3:;(5) 1 4 1
20 Addressing technical & commercial isSues 2%:;8 ! 2 I
21 Addressing economic & behavioral issues 11-25 3 4 {
22 Addressing economic & commercial 1S5ues éé;g 2 |
23 Addressing wehavioral & commercial isSues 19-30 l 2 |

-_.___,__——————————m



The competing alternative in most of the sensitivity runs is microwave oven,
clectric oven and kerosene stove. Parabolic Solar Cooker has occupied fourth to sixth
rank when individual improvements are attempted in most of the sensitivity runs.
Simultancously addressing a category of criteria is found to be a good alternative
strategy. However economic improvements have a little impact on the ranking of PSC
and resulting in fourth to fifth rank. The same was observed with social criteria,

Individual issues are found not altering the ranking pattern and simultaneous

addressing the behavioral issues has shown rank for PSC.

The equal weightage scenarios are also attempted for the present problem and

ank in outranking evaluation by PROMETHEE, fifth rank in

PSC is occupying sixth r
priority evaluation by AHP and fourth rank in utility assessment by MAUT.

The next chapter presents policy issues in commercialization of PSC keeping in
view the results obtained by the evaluation studies and sensitivity analyses.




Cr_lapter 6:Commercialization of PSC

S

in general and PSC in ps 1
PSC in particular have been discussed 1n methodol T
ogy. The result
s of

three evaluation i
‘ studies namely outrankin
: g (PROMETHEE), Priori
» Priority (AHP) and

Utility (MAUT) ' iti
and their sensitivity analyses i
presented in the results a '
nd discussion

lead 1o 1 if i
€ 1dentification of the signi iteri
gmﬁcant criteria/groups of criteri
riteria to be addre i
ssed in

e

Silnne , : . S i
agested improvements for further dissemination of PSC in India Tt
. These are

foll i i i
owed by discussion on policy framework for further commercialization

6.1. Identified Improvements for PSC

The improvements suggested by sensitivity analyses studies which ¢
an
improve the rank of PSC in cooking energy ladder in at least two evaluation method
s

red in this section. The measures which have shown the

employed are further conside

rank reversal /change arc listed below

Reducing the bulk weight, size etc

—

g aesthetics
potential buyers

oking demos

Jmprovin
Motivating
Arranging ¢O

[mprovement in existing models
Improving after sales service
[mprovements in distribution network
[mprovements in all technical criteria

nic criteria

o

Improving on all econor
[mproving on all behavioral criteria
commercial criteria

Improving on all m
.

-

.—-_
—_ O



nic 1SSUESs

12, Addressing techno econdl

13, Addressing technical & behavioral isSUes
14, Addressing technical & commercial 15su€s
L5 Addressing cconomic & pehavioral 1ssucs
16. Addressing cconomic & commercial issues
17. Addressing behavioral & commercial 1SSUES

Thc 1 g
dentified improvements for PSC indicate the following observations.

| Only one technical inmrovemcm is found 10 make a little change in

the rank of PSC

jon 1S found to alter the rank

jssue considered in isolat

2. No economic
All economic 155U€S considered together do not make any change 1n
overall rank of PSC
3 No social jssue 18 found to alter the rank
4 There are e belmworal 1sSues which ar¢ significant In improving
the rank
5 There are {hree commcrcial issues which areé significant in improving
: o £
the rank
6 Th behavior al 8 commcrcial groups are found significant in
; e ,
<~ if considered 0 isolation OF with some
W of PO¢ if const
improving the rat
other grouP of | mpmvcmems as listed abOVE
numbers ol techaical criterin identified for

Even though there ar€ large
ical criteria 18 also

15 15 evident

1‘\9“115
ical ISSUES. Thi

e
valuation 1n the prc»m

t “
he highest, there ar¢
. s that they are well conversant
from the responses rcccived from 0
bolic Solar

with the developing at
—



Cookers are I Z
¢ appropr > 1 G
PP I 1ate Iechnology devices. The 1'CdLlCIiOI'1 in Si e/welght d
Znt an overall
bulk ot‘ the ¢ i ] |
¢ device > g t [
ce is found to be useful in altering the rank. The overall bulk
. 'C Ju of the

0 I

g 1

> < 5 flOI[
1

cooker ied i
oker supplied is found to be poor. Spares parts do not meet the quality standard
£ anaarags.

Thes ire :
hese requirements are confirmed by the study. However these have not sh
’ own any

a like nutrient value of cooked food are

significant change in the ranking. The criteri

also insignificant which may be due to lower educational levels.

The weightages assigned to economic criteria by the respondents is less
Moreover, the improvements in economic 1Ssues could not alter the rank of PSC
which confirms that the problem of dissemination is not economic in nature.

o social criteria are the lowest amongst the

The weightages assigned t
alue in pollution prevention, drudgery

identified criteria. Users’ do not realize its v
d not alter the rank of the device.

reduction etc, These criteria coul

Cooking with solar cookers is incompatible with traditional ways of cooking,.
Use of two cooking systems, one for frying and another for boiling adds to
«dians, cooking and cating aré private affairs. There is a

inconvenience. For most [1
It is not possible 1o cook on a

o cook food in open.

reluctance to stand in the hot Sun t
cookers in general and PSC 1n particular are not used because
ractices. The

short notice. The solar
hanges in cooking p

they fail to fulfill vital necds or demand dramatic €
her weightage by the respondents and are

— B

behavioral issues have been assigned hig

found significant 10 altering the rank of PSC




{ack of sa i
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6.2. Systems Approach

The cooking energy substitution with PSC has to be addressed in a multi
nult

criteria context while planning and policy making.

cctive of the PSC programme may not be only to conserve fuel-wood

The obj
cctives of the programme needs to be modified as to

or fossil fuel resources. The obj
ensure adequacy of cnergy supply at domestic and community levels in
N — socially acceptable manner. parabolic Solar Cookers have the
potential to be the vehicles to the overall goal amongsl several technologies
available. The assessment of comprehensive uselulness from time to time with more
realistic information, highe sample size and close cooperation with the agencles
involved in developmentil efforts will ensure this. The approach to be adopted has
now the problems, understand the interrelationships amongst

to be holistic to K
al-commercial) and aimed at

different criteria (technical-economic-social-behavior
nergy substitution solutions.

providing sustainable €
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r the development and dissemination of PSC

The principles to be adopted fo

technology in India aré discussed below.

(1) Integration into Socio-cultural Settings: Sound understanding of socio-cultural

e type of food to be cooked, cooking habits, and

settings of the society is necessary. Th
he target population needs to be understood, The weightages

financial conditions of t
s have confirmed the

assigned to behavioral Issues and their sensitivity analyse

ral issues.

importance of behavio
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rechnology needs 1o be d
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(3) Assess to Technical Requirements and Support: The solar cooking technol
ogy

'$ an appropriate technology and can be developed/modificd by people as suitable
& 0

their needs. The technical support for such developments may be provided by th
€

State. This will be help in making the designs robust and appropriate to the end ugers

(6) Reguiar Monitorine and Intensive Follow Up: The users are given assurance op

the part of the state that they wish to support the dissemination. The evaluations of

the programme have to be done on regular basis. This may be in the form of

availability of finance, lower rate of interests etc.

6.3. Barriers Identified through the Study
addressed by policy

Total usefulness is primary consideration which shall be
crucial for the dissemination of

makers, product developers and marketers. This is a
and PSC in particular, Therc may be other

any renewable energy gadget in general
decide the status of technology in a country. They can be called

Indicators which can
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Commercial Utility

Solar cook
Sol: ers have to com [ st
c » N N 4
pete with existing alternatives in terms of prod
product

features wi :
s with con 3 b
tinuous market research and nceds identification. Tl
. The aesthetics ¢
s and

product range ar —
ge are necessary for the commercial utility of the technol
ology. Support

network in terms .
of spares Service and aft 1
4 er sales service a i |
re essential. Th
. ¢ sales and

the tec . :
hnology. The promoting agencies have to decide the target populatio
ns as rural

and semi :
nd semi urban and then urban. User friendly features will be helpful i
n rapid

dissemination of solar cookers.

6.4. Suggested Dissemination Framework

h framework needs to be converted into
LA LS

The framework of technology pus

Jementation approach needs to be

a demand pull kind of framework. The imp
tailored to take into consideration the loeal needs. The following suggestions may

be helpful in better dissemination.
pRC providing the necessary technical

. The role of NGOs as facilitators for
n developing the

ted. This will help 1

and logistic support may be attemp
e technology. The users would adopt the role of hands-

confidence into th

] implementers.
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mechanisnis as indicated by the commercial criteria
jers. The

5 Multiple delivery
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[l improve the com

study Wi
~ market channels of

importance in the
The existing
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consumer durables may be used with atlractive commissions and tax

benellts to PSC marketers/dealers.
3. Subsidies shall be eradicated since they fail to deljver the quality of

products and hence reduce confidence in technology. The importance of
t

cconomic criteria and sensitivity analyses studies have revealed the
importance of quality and impact of subsidy.
The awareness creation and capacity building will ensure that the users’

partiripation in implementation the programme would increase. The role
»

of NGOs and government will be facilitators of the technology and

providing technical support.

The role of woman as an encrgy manager of the house, her level of

W

participation in procuring the device, using and building confidence in

technology will be helpful. Higher educational levels will ensure her role.

The industry support (e.g. wind industcy in India) in making the

technology a success is a must.
nts summary and conclusions of the present

The next chapter prese

research work and the further scope of work
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cooking enerey ices wi i
@ rgy devices with special reference to PSC. Finally, an enti
; s Ire range of 30

. 1C

evaluati i ' itati
on has been carried out using 21 qualitative and 9 quantitative criteria. The

relative str ¢ i
¢ strengths, weaknesses and constraints of prevailing cooking devices have

been assessed based on these criteria.

The comprehensive ranking of devices as an indicator of its usefulness on the

- -

identified criteria has been deeled)lsing three evaluation techniques viz. Outranking
using PROMETHEE framev\_/:)Tk:_ Priority using AHP framework and Utility using
Additive MAUT framework. This has lead to comparison of PSC with prevailing
domestic cooking energy devices in India. The study has used the inputs from four

decision making groups involved in PSC dissemination. The identified groups are

and actual users of PSC. Rank correlation

policy makers, researchers, educators
also computed to know the robustness of ranks given by

coefficients have been
different evaluation techniques.
ses have been carried out exclusively for PSC to know

Sensitivity analy
ations. More than 50 scusitivity runs were

relative ranking with identified interve
evaluations and sensitivity

taken for each evaluation technique. Based on these
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analyses,
framework of prevailing renew.

better disse

modalities of suggested interventions have been discussed in broad
able cnergy policies in India. The suggestions for

mination have been discussed. The conclusions of the evaluation derived

from respective analyses are discussed below.

7.1. Conclusions

7.1.1 General Conclusions

L

[N

L)

The prevailing cooking energy situation in Indian houscholds reveals the
technology affluence of masses starting from free fuel-wood and agricultural
waste to sophisticated fuels like LPG and electricity.

Multi criteria evaluations techniques are increasingly used in renewable
energy planning due to increasing role of decision making groups in energy

planning. The approach was found applicable to evaluation of PSC in India.

There are varieties of criteria important in preference selection of cooking

w9 G5 i 1 . The problem of uscfulness is
encrgy devices in general and PSC in particular. The p

multi criteria in nature.

Ti oblem of dissemination of PSC is maximization in nature as evident
e pr

fi 18 criteria which needs maximization as against 12 criteria of
rom

minimization nature.

There are a large numbers of subjective criteria in preference selection of
PSC as evident from 21 qualitative criteria and 9 quantitative criteria amongst

the identified ones for the present problem.




6. The decision making groups in PSC dissemination are policy makers

{imcluding manufacturers), researchers as technology up graders educato
’ rs ag

awareness creators and actual users.

7.1.2 Assigned Weightages

7. It is observed that the usefulness of PSC is governed by technical importance
(7.01), followed by behavioral (6.95) and commercial (6.74). The umportance
to social criteria is lower (6.29) and economic criteria is the lowest (5.67)

based on the overall weightage structure assigned by different decision

making groups on 10 point scale,

8. Analysis of weightages reveal that overall safety (8.66), durability (7.93) and
ease of operations (7.74) are given due importance by the respondents. The
rate of interest on loan (4.60) has bgen allocated the least weightage, The
respondents have neither given too high importance to any of the criterion nor

have they out rightly considered any criterion trivial in the analysis. The total

differential in the weightages accounts to be 3.33.

7.1.3 Muiti Criteria Evaluation Studies

9. The strengths of PSC are zero fuel consumption, compatible cooking time,

higher durability, higher nutrition value of food, zero fuel cost, lower
maintenance costs, available subsidy, lower rate of interests, lower pollution

hazards. lower human drudgery, better taste of food, higher cleanliness of

=

utensils etc. The SBCs have also indicated similar strengths except cooking

time.




10. The weaknesses of PSC are lower quality and reltability, lower sophistication

m the device, higher weight, robustness, higher need of tracking, seasonal
> cna

dependence, higher initial costs, several behavioral and commercial issues

L. The standard deviation computed for the pay-off and evaluation matrices

have indicated robustness of the judgments made by the members of varioyg

decision making groups.

12. Direct assignment of weightages by the respondents instead of following

—

Saaty’s Scalgwas found suitable. Moreover, the numbers of permutations and

=
-

combinations for 30 criteria for assignment weightages would have been 2
cumbersome exercise. The Consistency Ratio in most of the cases was zero

indicating perfect consistency in priority evaluations.

13. Evaluation by outranking using PROMETHEE has ranked PSC on sixth
position amongst the nine devices studied.
14, Evaluation by priority using AHP has ranked PSC on fifth position amongst

the nine devices available
15. Evaluation by utility using additive MAUT has ranked PSC on fifth position

amongst the nine devices available.

16. Spearman rank correlation coefficient has shown good correlation (0.6 to 1)

between the ranks obtained by various techniques/groups.

17. Policy makers have given a ‘defensive’ ranking in all the evaluation

techniques. The users have been proactive as compared to the educators and
research:éin assigning the preferences which are evident from the final

ranking patterns.




18. Liquefied Petroleum Gas was found to occupy the highest rank in all the
evaluation techniques by all the decision making groups.

19. Chulha was found to occupy the lowest rank in all the evaluation techniques
by all the decision making groups except once.

20. Usual (true) type criterion function is found suitable to the present planning
problem in PROMETHEE evaluation.

91. The PROMETHEE evaluation has assigned negative net value ¢ to PSC in

most of computations which indicates that the device has many weaknesses

over the strengths. The value of net ¢ was found positive for LPG in all the

computations.

The niodified MAUT approach using hierarchical framework was found

]
I

suitable to the present problem. This may be due to the risk neutral nature of
the problem. Linear utility functions with probability of 0.5 have facilitated
the evaluation without many alterations in the final rank obtained.

The priorities given to PSC are in the range of 0.1002-0.1278 as against

highest priority value ofO.-1376 for LPG.

——

-

24. The utility assigned to PSC is in the range of 0.4308-0.6276 on the scale of

unity
7.1.4 Sensitivity Analyses
25. The competitive energy devices in most of the sensitivity runs were

microwave ovens, electric ovens, kerosene stove.

26. Parabolic Solar Cookers have shown sensitivity to commercial and behavioral

——r—

issues.




27. The ranking of PSC could not be altered with any changes in economic
criteria considered in isolation or together,

28. A few technical interventions are capable of altering the rank of PSC. All
technical parameters together could also not alter the rank of PSC
significantly.

29. The social issue could not alter the rank of PSC. However the priorities are
found sensitive to changes in weightages.

30. Assignment of equal weightages to all the sub-criteria could also not alter the
ranking of PSC.

7.1.5 Policy Issues
31. The commercialization of renewable energy devices in general and PSC in

particular warrants a systems approach.

The technical developments in product are must which have to be supported

Lo
(3

by comumnercial efforts such as better delivery network and good after sales

service.

To make better dissemination of PSC behavioral issues needs to be(tai@

L2
(%]

tactfully which will ensure building confidence in the technology. This may
be achieved by arranging cooking demos etc.

34. Increased utilization is likely to bring down the costs of units. However, the

availability of finance may be made better through local banks and
cooperative societies.
35. Awareness creation will help in overcoming understanding apathy to social

issues addressed in the problem.
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Specific Contributions

The thesis 1s a maiden attempt to use multi criteria evaluations for cooking

energy devices selection and commerctalization in India.
Better insight into commercialization of rencwable energy devices with
special reference to PSC has been attempted. Quantification of several
qualitative and quantitative issues involved in the problem.

A large numbers of criteria and prevailing devices have been used for
comprehensive evaluation studies.
Direct ratings of weightages through responses colleted from various decision

making groups involved in dissemination promoting a group decision making

has been attempted.

The relative importances of criteria are generated by gcometric mean

approach of AHP.

The results have been validated using different evaluation techniques and
Spearman ranking checks for robustness of the ranks is also computed.
Future Scope of Work

_‘"'/
Extremely large sample size may be useful in devising better insight at the

planning level.
']
dAats
Fuzzy evaluation techniques may be applied to tackle uncertainties in the
\
data.

Development of decision support systems using latest computational aids
ook X sl v

useful for all renewable energy gadgets may be attempted.

167



- -

Afgan NH, Carvalho MG Hov
! : anov NV. Sustainabilit
energy systems. Energy Policy. 2000; 28:6(’)3—61112.y assessment of renewable

Afgan NH, Carvalho MG. Multi-criteria assessment of new and renewab
power plants. Energy.2002; 27: 739-755. wable energy

susers of box solar cookers in urban India-implications for

Ahmad B. Users and di
ects. Solar Energy.2000; 69 (1-6 Suppl): 209-215.

solar cooking pro)

ATHSHEW. Solar Cookers Proceedings of the Third International Conference on
Technology. Coimbatore: Avinashilingham Institute of

Solar Cookers Use and
Home Sciences and Higher Education for Women. 1997.

Multi-criteria analysis of non-conventional

usi O, Mohsen M,
lination in Jordan. Desalination. 1997;

Akash BA, Al-Jayyo
desa

encrgy technologies for water

114;1-12.
ok R, Mohsen MS. Multi-criteria selection of electric power plants
¢ Power Systems Research .1999;

Akash BA, Mamlo
tical hierarchy process. Electri

using analy
52: 29-35.
walysis for Japan's electric power generation

Amagal H, Leung o Multiple criteria ar
mix. Energy Systems and Policy. 1989; 13: 219-236.
ng Type Community Cookers.
Sustainable Development.
Convention (Sawhney RL,

Energy Society of

Concentratl

Efficiency for
Energy
Solar

Arya R Development and Field Trials of
I Renewable Energies and Energy
Proceedings of 23 rd National Renewable
Buddhi D, Gautam RF Editors), Indore:
India.1999:15-17.

v, Windows of opportunities,
01; 2(4): 12-15.

Bakthavatsalam IREDA and role of renewables.
Refocus.20
Multicriteria location of thermal power plants,

Lencoini P.
00; 45: 332-346.

Barda OH, Dupluis I,
1 of Operational Research. 19

European Joufni
ing in energy planning: the

compared 10 @ fuzzy-sets
t. 1998; 39(16-18):1869-

cision mak
approach
and Managemen

Beccali M, Cellura M, Ardente DD. De
ELECTRE multicriteria analysis
methodology. ERErsY Conversion

1881.

Beceali M, Cellura M, Mistretta M. Decision-making in energy plalnning-
of the ELECTRE method at regional level for the diffusion of rencwable
ewable Energy- 2003; 28(13):2063-2087. m

application

energy rechnology. Ket



Biermann E, Grupp M, Palmer R. Solar cooker acce

plance in Somnt] foey
comparative ficld tests. Solar Energy. 1999; 66(6): 401 _407;. 1 Afica: results of

BIS. IS 13429 Part 1, 2. 3. New Delhi: Bureau of Indian Standards. 2003,

Blondeau P, Allard F. Multicriteria analysis e ,
: : ysis of ventilation in s )
Building and Environment. 2002; 37(2): 165-176. ummer period

Boucher TO, McStravic EL. Multi-attribute evaluation within a

. , g present value
framework and its relation to analytic hierarchy process. The Engineerin
Economist. 1991; 37: 55-71. g

Bowman ME, Mall HC. Environmental analyses of land transportation systems ip the
Netherlands. Transportation Research Part D. 2002; 7; 331-345.

Bowman TE, Blatt JH. Solar Cookers, History, Design, Fabrication, Testing and
Evaluation. Florida: Florida Institute of Technology. 1978,

Brand C, Mattarelli M, Moon D, Calvo RW. STEEDS: A strategic transport-energy-
environment decision support. European Journal of Operationa]

Research.2002; 139 (2): 416-435.

Brans JP, Mareschall B, Vincke P. PROMETHEE: A Ncw Family of Outranking
Methods in Multi Criteria Analysis. /n Operation Rescarch. Amsterdam:
North-Halland .1984: 477-490.

Brans JP, Mareschall B. The PROMETEE Method of MCDM.. The PROMILAC
{“;\IA and BANK ADVISER Software. In Readings 1n MUIII Criteria
I;céisioxl Aid. (Calos A, Bana ¢ Costa, Editors), New York: Springer-Verlag,
1990:660-670.

d how to rank projects: the
] eschal B. How to select an .
s {Y’PR(;/I\I/]I]}SI%{E% i\]fgtlif;;.) European Journal of Operational Research.1986;

24:228-238.

Brar vS. Dhillon JS, Kothari DP. Multiobjective load dispatch by fuzzy Jogic based

: Syste esearch. 2002;
searching weightage pattern Electric Power Systems R

63(2):149-160. |
Buddhi D, Sahoo LK. Solar cogker with latent heai slr';);l/ggsgd(ess)i:gg;;ﬂ ;gpcr:menml
testing. Energy Conversion and Management. - .
i-attribute utilit approach to ran
b i 5 Ml YA AT
. 'H. Yeh CH. Evaluating airline cmmzetixi\-'cness using multi-attribute decision
S 1\11}¢1'l;i11;.10f11éga. 2001; 29(5): 405-413,

169



Cormico ©, e

methodology including renewable energy sources viivano,..
Renewable and Sustainable Energy Reviews. 2003; 7: 99-130.

D’Cruz NA, Radford AD. Multi-criteria model for building performance and design.
Building and Environment.1987; 22 (3):167--179, -

Das TCT, Karmarkar S, Rao DP. Solar box cooker — 2. Analysis and simulation. Solar
Energy.1994; 52 (3); 273-282.

Duftfie JA, Beckman WA. Solar Engineering of Thermal Processes. New York: John
Wiley and Sons.1991.

EIU. India consumer goods: The market for white goods is fairly flat. Economist
Intelligence Unit. 2004. http://home.aigonline.com/content/0,1109,17213-649-
ceo,00.html

Elkarni F, Mustafa I. Increasing the utilization of solar energy technologies (SET) in
Jordan: analytic hierarchy process. Energy Policy.1998; 21: 978-984.

ESMAP, Energy strategies for rural India: evidence from six states. Joint
UNCP/World Bank Energy Management Assistance Program: Washington,
DC. 2002.

Flourentzou F, Roulet CA. Elaboration of retrofit scenarios. Energy and Buildings.
2002; 34 (2): 185-192.

Funk PA, Larson DL. Parametric model of solar cooker performance. Solar Energy.
1998; 62 (1): 63-68.

Funk PA. Evaluating the international standard procedure for testing solar cookers
and reporting performance. Solar Energy.2000; 68(1):1-7.

m



Chattopadh

yay D, Ramanathan R. A n

. ) . ew approach t .

bids. IEEE Transactions on Power Systems 19908 ‘e‘lvgl.ulaztgzgeln;;atmn capacity
: > 13 —~1237.

Chedid R, Mezher T
) , Jarrouche C. A fuzz i
. g . Yy programim
allocation. International Journal of Energy Res;rﬁcipﬁrggshg %n;;gy o oee
. ;23:303-317.

Christensen JM, Vid j
, al R. Project evaluation for
energy supply in rural
areas of

developing countries. European Journal of Operational Research. 199
. 0; 49:

230-246.
Climaco J. (Editor). Multicriteria Analysis. New York: Springer-Verlag. 1997

C ia’
MIE. India’s Energy Sector. New Delhi: Center for Monitoring Indian E
conomy.

2001.

C . . . .
ormico C, Dicorato M,'Mmoxa A, Trovato M. A regional ener, lanni
methodology including renewable energy sources environmentalgﬁm?star?l?g
ints.

Renewable and Sustainable Energy Reviews. 2003; 7: 99-130

D’Cruz NA, Radford AD Multi-criteria model ildi
A, . - or building perfi ;
Building and Environment.1987; 22 (3):167-179. g performance and design.

kar S, Rao DP. Solar box cooker — 2. Analysis and simulation. Solar

Das TCT, Karmar
4; 52 (3); 273-282.

Energy.199
eering of Thermal Processes. New York: John

Duffie JA, Beckman WA. Solar Engin
Wiley and Sons. 1991.

EIU. India consumer goods: Th
2004. http://hom

Intelligence Unit.
ce0,00.html

e market for white goods is fairl
: ) y flat. Eco i
e.axgonlme.com/contentfo,l 109,172 12(.)2311;

[ncreasing the utilization of solar energy technologi :
‘ gies (SE
y Policy.1998; 21: 978—984.( T in

Elkarni F, Mustafa I
ic hierarchy process. Energ

Jordan: analyt
tegies for rural India: evidence from six states. Joi
ement Assistance Program: \?Vasl{ing_z,t(:gt

ESMAP. Energy st
ank Energy Manag

UNCP/ world B

DC. 2002.
n of retrofit scenarios. Energy and Building
S.

ulet CA. Elaboratio

Flourentzou F, Ro
185-192.

2002; 34 (2):

DL. Parametric
-68.

model of solar cooker performance. Solar Ener
: gy.

Funk PA, Larson

1998; 62 (1): 63
Funk . the intemational standard procedure for testi
nk PA. Evaluating ' e, Solar Encrgy.2000; 68(1):1-7, esting solar cookers

and reporting perfor



Gadhia D. Developme i
i pment and marketing of concentrating s
Renewables: Products and Markets. (Vipradas M. édi%or;olggwcggi(};rsf in
: Tata

Energy Research Institute.2001:95-100.

). Multicriteria Decision Making: Advances in MCDM

Gal T, Hanne T. (Editors
cations. New York: Kluwer Academic

Models, Algorithms, Theory, and Appli
Publishers. 1999.

ia procedure exploiting a knowledge-based

Gandibleux X. Interactive multicriter
module to select electricity production alternatives: The CASTART syste
m,

European Journal of Operational Research.1999; 113 (2): 355-373.
Solar Cookers. In Sun: Mankind’s Future

Garg HP, Performance Evaluation of Five
f the International Solar Energy Society

Sources of Energy. Proceedings 0
New Delhi: 1978.

papagiannakis L. A multicriteria decision aid approach for
roblems: the case of renewable energy option. European

arch.1997; 3: 38-54.

Georgopoulou E, Lalas D,
energy planning P
Journal of Operational Rese

Georgopoulou E, Sarafidis Y, Diakoulaki D. Design and implementation of a grou
DSS for sustaining renewable energies exploitation. European Journal OP;‘

h. 1998; 109: 483-500.

Operational Researc
mi S, Lalas DP. A multiple criteria

| priorities for greenhouse gases
European Journal of Operational

Mirasgedis S, Za

n defining nationa
y sector.

Sarafidis Y,

d approach i
duction in the energ

Georgopoulou E,
decision-ai
emissions 1€

Research.2003; 14
roduction to Multi Objective Analysis with

nsen D, Duckstein L. Int
on. New York: John Wiley and Sons.1982.

Goicoechea A, Ha . Int
g and Business Applicatl

Engineerin
Selecting a portfolio of solar energy projects

Golabi K, Kirkwood CW, Sicherman A -
preference theory. Management Science.1981; 22(2): 174-

using multicriterion

189.
it SJ, Prayag V. Why solar cookers do not sell

ore AP, Paranjap® 1990; 9 (4): 219-225.

Changing Villages.
Goumas MG, Lygero¥ Vv, Papay
and evaluating geothermal en
extension of the PROMETHEE method for decision

V. AD i
ament: ranking of alternative energy exploitatio
n

Goumas MG, Lygerov viro
o in fuzzy '
making it gn Journal of Operational Rescarch. 2000; 123:606-613

projects. Europ

annakis LE. Computational methods f
i or pl -
ergy projects. Encrgy Policy. 199; 27147154,

171



Grupp M. A fresh look at solar i :
. cooking-past
GATE.1991; 1:31-33. g-past experiences, new concepts, new hope.

ble energy development in India. Jn Proceedings of Millennium

Gupta AK. Renewa
Conference on Renewable Energy.Chennai.2000.

International

vindranath NH. Financial analysis of cooking energy options for India

Gupta S, Ra
y Conversion and Management. 1997, 38(10): 1869-1877.

Energ

Olwi A. The oven receiver: an approach towards the

Habeebullah MB, Khalifa AM,
lar cookers. Solar Energy. 1995; 54(4): 227-237

revival of concentrating so

is H. Renewable energy projects: structuring a multi-

Harlambopoulos DA, Polatid
-making framework. Renewable Energy. 2003; 28: 961-

criteria group decision
973.
fidence in energy planning: a multi-method

ding public con
s. Energy Policy. 1997; 25

Hobbs BF, Horn GTF. Buil
demand side planning at BC ga

MCDM approach to
(3): 357-375.

Hobbs BF, Meirer PM. Multicriterion methods for resource planning: an experimental
comparison. IEEE Transactions on Power Systems. 1994; 9(4): 1811-1817.

olid waste management system using

hoosing a $
urnal of Operational Research.

Hokkanen J, Salminen P. C
nalysis. European Jo

multicriteria decision a
1997; 98:19-36.

on K. Multi Attribute Decision Making: Methods and Applications.
ringer-Verlag. 1981.

cision analysis in energy and environmental

Huang CL, Yo
New York: Sp

Huang JP, Poh KL, Ang BW. De
modeling. Energy- 1995; 20(9):843-855.
roduction. International Energy Annual. 2003,

Energy P :
ational/icapdf/tf_01.pdf

IEA. World Primary :
http -/ forww.eia.doe.gov/ pub/intern

- i llectors: a patent
E. Concentrating parabollc co patent survey .Ener
I-Ision and Managemcnt.1995; 36(4): 225-237. By

G Consumption in India.2003. http://www.indiastat.com/

Imadojemu
Conver

Indiastat. Year-wise LP
india/ShowData.as

Iniyan S, Sumanthy K. An optimal renewabl
Energy. 2000; 25: 563-575.
ooking in India. Sol

p?SeCid
e energy model for various end-uses

Jagadeesh A. Solar C ar Cooking Review.2000; 6(1): 1-3.



Jain BC. Facilitating wise bi
. g wise bio-resource development and
. u i i
enterprises. Energy for Sustainable Dt=.-\rcloprnent.1995:53 ; t;l(t):j;r-0 l; sozif ommercial

] : e
edrzejuk H, Marks W. Optimization of shape and functional structure of buildi
well as heat source utilization-partial problems solution Builllc!iiiglgs a;
. an

Environment. 2002; 379 (1 1):1037-1043.

hes R. A multi-atiribute value model for the study of UK

Jones M, Hope C, Hug
ions Research Society .1990; 41(10): 919-929

energy policy. Journal of Operat

Joshi Bharati. Fuel options for household energy in Northwest Bengal. Boiling Point
: int.

1999; 43: 2-5
Joshi Veena. Promotion of solar cookers: some ideli i
ce guidelines. Vikalpa.1991; 16 (2):82-

Kandpal JB, Maheshwari RC, Kandpal TC. Indoor air pollution from domestic
oal, kerosene and LPG. Energy Conversion and

cookstoves using ¢
Management. 19952; 36(11): 1067-1072.
RC, Kandpal TC. Indoor air pollution from combustion of
ake and their processed fuels in domestic cookstoves

Kandpal JB, Maheshwari
d Management. 1995b; 36(11): 1073-1079.

wood and dung ¢
Energy Conversion an
lticriterion issues in energy policy making

p, Breiner A. Mu
| Research. 1992; 56: 30-40.

Karni R, Feigin
ournal of Operationa

European J
as VG, Salunkhe RM. Commercialisation of improved

Karve AD, Hanbar RD Vy X )
chulha technology: In Proceedings of the Interna'Elonal Conference on Biomass
based Fuels and Cooking Systems (Karve P. Editor).2001. Pune: Appropriate

Rural Technology [nstitute: 289-292.
rategies in power system planning. European Journal

Kavrakoglu L. Multi-objective st
of Operational Research. 1983; 12: 159-170.

ffa H. Decisi
ambridge:

L Multiple Objectives: Preferences and Value

ons wit
ersity Press.1993.

Keeney RL, Rai . :
Cambridge Univ

Tradeoffs. €
s with Multiple Objectives: Preferences and Value

aiffa H. Decision
ey and Sons. 1976.

Tradeoffs. New York: John wil
ved cookstoves in rural India: how improved are

Kishore VVN, Ramana pV. Improvet
£ the perceived benefits from the National Programme o
n

they? - A critique 0
Imgroved Chulhas PIC). Energy- 2002; 27:47-63.

Keeny RL, R

Kishore VVN. Cooking Energy Systems: A Comparative Study. .
re huri RK, Srivastava Leena Editors). Ne\: D;llli“;;%gEP(Lllcy
' nergy

4 (Pac
14 ( 37-47.

Issues. VO
ute.1989:

Research Instit
173



Klemm K, Marks W, Klemm AJ. Multicriteri
, ; . Multicriteria optimization of th ildi
arrangement with application of numerical simulation Bui(ledi:;lld;ﬁg

Environment. 2000; 35(6): 537-544.

Kumar A. Adhikari RS, Nigam D. Solar collector-i
’ ’ . -indoor and -
IREDA News.1995; 6(4): 81-87. outdoor test facility.

al, NK. Disseminating energy-efficient technologies: a case

Kumar A, Jain SK, Bans
study of compact fluorescent Jamps (CFLs) in India. Energy Policy.2003; 31:

259-272.

_ Qolar cooker use in Delhi: pilot survey of urban

Kumar S, Kandpal TC, Mullik SC
urnal of Ambient Energy.1997; 18 (2):77-82.

households. International Jo

Kundapur A. Reviews of solar cooker designs. TERI Information Digest on Energy
1998; 8 (1): 1-37 .
s for the evaluation of risk in nuclear waste

Decision analysi
| Research Society.1982; 33: 407-418.

Lathrop JW, Watson SR.
al of Operationa

management. Journ
GM, Cooke RM, Van Oostvoorn F. Choice of a long term
nal electricity supply via scenaric analysis and multi-

Lootsma, FA, Boonekamp P
pean Journal of Operational Research. 1990; 48:189-

strategy for the natio
criteria analysis. Euro
203.

Mahajan V. Rural households: ideal target market segment. Vikalpa.1991; 16 (2):80-

81.
Urban Domestic Markets. [n

Energy Products for
n Renewables 21: Products and

Majumdar D. Renewable
dings of International Conference 0
Research Institute. 2000.

Procee
Markets. New Delhi: Tata Energy
Malhotra Preeti, Neudocrffer RC, Dutta Soma. A pa-rticipatory process for designing
Biomass and Bioenergy. 2004; 26

cooking energy programmes with women.
(2): 147-169.

Mamlook R, Akash BA; Nijmeh S. Fuzzy set p_rOgramming to perform evaluation of
solar system in Jordan. Energy Conversion and Management. 2001; 42:1717-

1726.
A, Mohsen MS. A neuro-fuzzy program approach for evaluati
kash B ystems. Energy. 2001; 26: 619-632. auating

Mamlook R, A .
power generation 5

electric
analysis of various cookstoves for efficiency

Exp eri mcntal
stics. SESI Journal. 2001; 11 (1):29-36.

Mande S, Lata Kusuit :
cteri

and emission chara

Mani A, Rangarajan g, Solar Radiation over India. New Delhi: Allied Publishers.

1982.
174



Marks W. Multicriteri imi
- eria optimization of sha .
Building and Environment.1997; 32(4):331-})3&39.0f energy-saving  buildings.

M : e e s
cDamel-s' TL. A Multicriterion index for evaluating environmental i
utilities. Journal of Environmental Management. 1996: 46: 57lrggact of electric

ioning of Paraboli

Vocational Institute for Rural Wogmen at I?lg?)lr? (l'%?r]f)lrm%?;k?rr ;t Bahai's
Energies ax.ld Energy Efficiency for Sustainable Development 'P;:; enowable
23 rd National Renewable Energy Convention {Sawhney RL (gedmg-s of
Gautam RP Editors). Indore: Solar Energy Society of India.1999'1’8-21;‘:&“1l >

McGiligan J. Managing the Funct

economic interactions in developing countries

Meirer P, Mubayi V. Modeling energy-
European Journal of Operational Research

a linear programming approach.
1983; 13: 41-59.

Mezher T, Chedid R, Zahabi W. Energy resource allocation using multi-objective
banon. Applied Energy.1998; 61(4):175-

goal programming the case of Le
192.

Mills D, Vlacic L, Lowe [ Improving electricity planning — use of a multicriteri
decision making model. International  Transactions in OpcrationaT

Research.1996; 3(3/4): 203-304.
analysis vs. externalities assessment for the

Mirasgedis S, Diakoulaki D. Multicriteria
comparative evaluation of electricity generation Systems. European Journal of
Operational Research.1997; 102(2):364-379.

hal B. Multicriteria ranking of alternative

a J, Brans JP, Maresc
lants. European Journal of Operational

Mladineo N, Marget
small scale hydro p

locations for
Research. 1987; 31:215-222.

MNES. Annual Report. New Delhi. Ministry of Non-conventional Energy Sources

2003.
on of domestic solar water heating system in Jordan

Mohsen MS, Akash BA- Evaluati
using analytical hierarchy process- Energy Conversion and Management.1997;

38 (18): 1815-1822:
nergy Development Agency: the case of solar cookers

Moorthy RC. Gujarat E
Vikalpa. 1991; 16 (2):65-79.
ew Delhi Ministry of Petroleum and Natural Gas. 2000

MoPNG. Annual Report. N
Moulik R. Socio-PsyChOIOEiC’dl and Ec_onomic Factors Affecting Acceptabili
Solar Cookers in Gujarat. Unpublished Thesis Indian Institute of hiﬁnm;)glgg’ otf

ent,

Ahmedabad. 1985.



, pal TC, Kumar S. Thermal t
concentrating solar cooker. Solar Energy.1991 ;t:;sé (g)ro?gg‘_‘;'i ) for paraboloid

Murthy KVN. Sumithra CD. Redd
) ). y AKN. End-use of electricity i
Karnataka State, India. Energy for Sustainable Develogec;]);nl.gol(l)?-m; h(t;l)c.iss?f

94.

Nahar NM. Performance and testin
) g of hot box sto
Conversion and Management.2003; 44 (8. 1323-1331, solar cooker. Energy

Naidu BSK. Indian scenario of renewable ener '
> gy for sustainable d
Policy.1996; 24 (6): 575-581. e development. Energy
Natarajan B. Key issues in increased adoption of renewable
ener t
News.2000; 11(3): 51-55. gy systems. IREDA

Neudoerfler RC, Malhotra Preeti, Ramana PV. Participatory rural energy planning i
India- a policy context. Energy Policy.2001; 29:371-381. g1n

Nexusmagazine. The hidden hazards of microwave cooking. Nexusmanagzine.2003
http:/fwww.nexusmagazine.com/microwave.html '

Nijeamp P, Volwahsen A. New directions in integrated energy planning. Energy

Policy. 1990; 18(8): 764-773.
ample Survey Organization for the Household Sector,

NSSO. Results of the National S
le Survey Organization .1998.

New Delhi: National Samp
nal Sample Survey Organization for the Household Sector.

NSSO. Results of the Natio anz
New Delhi: National Sample Survey Organization. 2001.
n L. Analyzing water resources alternatives and handling

Ozelkan EC, Duckstei g _
n decision techniques. Journal of Environmental

criteria by mul
Management.199

ticriterio
6; 48: 69-96.

mi Vijay. Gender and health considerations for petroleum prod
dia. Energia News.2000; 3(2):11-13. product

Pate] NV, Philip SK- Performance evaluation of three concentrating solar cookers.

Renewabie Energy. 2000; 20: 347- 355. ‘
door air quality:-problems and perspectives, J)
nhouse Gas Mitigation (Shukla PR Editor). N :WESZTE;

Parikh Jyoti, Lax
policy in In

Patel T, Raiyani CV. In
Strategies and Gree
Allied Publishers. 1997.

CV. Conceptual mode! for .
Peter R, Ramaseshan B, Nayar . tor marketing solar b
te ch?:)I ogy 1o developing countries. Renewable Energy.2002; 25: 51 1-524.ased

176



l hl]lp SK. Makwana H i S 'y
‘. M, SIngha] AK. MO““O] i ﬂl > idi
" , . I I‘I : llzl'lg ) bUbbldlZCd .'()Iar COOkL‘. S in

" 1 ‘ 3

394.

Purohit P, Kumar A, Rana S, K i
, ! , , Kandpal TC. Using renewable .
domestic cooking in India: a methodology foren:;tgé:iitclhngsggef. for
ation.

Renewable Energy. 2002; 36: 235-246.

Putrus P, Accountin ‘ i in i
P, g for intangibles in integrated manufacturing- i
justification based on analytical hierarchy process. Informationngt?;::;n?gggl

6: 25-30.

Quadir SA, Mathur SS, Kandpal TC. Barriers to dissemination of renewable
technologies. Energy Conversion and Management. 1995; 36 (12):1 129-?;8;2

Rahman S. Frair LC. A hierarchical approach to electric utilit i
, \ y planning, Int i
Journal of Energy Research.1984; 8:185-196. & nfermational

Multicriterion decision making in river basin planning and

Raju KS, Pillai CRS. :
f Operational Research.1999; 112(2): 249-

development. European Journal o
257.
multicriterion decision making methods and management of

Raju KS. Studies on
irrigation systems. Unpublished Ph. D. Thesis, Indian Institute of Technology

Kharagpur.1995.
strategy for lighting and cooking energy for rural h
2003; 85(4):37-442. ouseholds.

Ramachandran M, Vardhan AB. Performance Evaluation of Parabolic Solar Cooker.
In Renewable Energies and Energy Efficiency for Sustainable Developmeni.
Proceedings of 23 rd National Renewable Energy Convention (Sawhney RL.
Buddhi D, Gautam RP Editors). Indore: Solar Energy Society of India.l999:

54-57.

Rajvanshi A. R and D
Current Science.

ble energy commercialization. /n Renewables: Products and

Ramana PV. Renewa _ ,
das M. Editor) New Delhi: Tata Energy research Institute.2001

Markets.(Vipra
and problems in rural India. . Wood Energy

Ramana PV. Women’s energy needs
News.1999; 14(2): 21
Ramanathan R, Ganesh LS. A multi-objective programming approach

resource allocation problems. International Journal of Energy Rcseartgh 3111;1'980}’

17: 105-119.



Ramanathan R, Ganesh LS
, : . Energy alternatives for lighting i
evaluation using an integrated Goal programming —BA;III"g nigdgolgizlzgdf;;‘ljn

20 (1): 63-75.

R ,
amanathan R: Ganc'sh LS. Enf.rgy resource allocation incorporating quantitati
ative criteria: an integrated model using goal programming andw,?\, f{l;d

qualit
ing Sciences. 1995; 29: 197-218.

Socio Economic Plann
Ramanathan R, Ganesh LS Multi-objecti i i
, . jective analysis of cooking-e ;
Energy. 1994; 19(4): 469-478. g-energy altematives.

multi-criteria'n methodology to the global negotiations on climat
E Transactions on Systems, Man and Cybernetics-Part C?

98, 28:541-_—548.

Ramanathan R. A
change. IEE
Applications and Reviews.19

R. Selection of appropriate greenhouse mitigation options. Giobal

ge. 1999; 9: 203-210.

R, Singh SP, Sodha MS. Substitution of energy efficient
ighting in rural areas of Madhya Pradesh. Energy

nt. 1997; 38 (2):187-199.

Ramanathan
Environmental Chan

Rana Santosh, Chandra
devices for cooking and |
Conversion and Manageme

anyam S. Solar cookers-parl [ cooking vessel on lugs. Solar

Rao AVN. Subram
1—185.

Energy -2003; 75: 18

global vision. IREDA Ncws. 1998; 9 (1): 45-49,

Rao BV. Solar thermal programmc-
h NH, Ramakrishna J. Energy options for cooking in India. Energy
y.1997; 25(1): 63-75

jp. Diffusion of renewable energy technologies-barriers and
perspectives. Renewable Energy.2004; 29(9):1431-1447.

tes and energy carrier choices in urban households.

umer discount ra
[ Journal of Energy Research. 1996; 20 (2): 187-195.

nergy efficiency gap

Reddy BS. Overcoming the e
Policy.2003; 31: 1117-1 127.

A multi-criteria ratin

2002; 37: 579-586
d’aide la de’cision. Paris: Economica. Collection

Ravindranat
Polic

Reddy BS, Painuly
stakeholders’

Reddy BS. Cons

Internationa
in India’s household sector. Energy

g methodology for buildings. Building and

Roulet CA. ORME:
Environment.

Roy B. Me todologi® multicrite 1€

Gestion. 1983

RWEDP. ~ Regiond wood  Ener®y Development  Programme.2003.
http:/;‘wwwrwedp.org



Saaty TL. Decision Making for Leaders. Pittsburgh: RWS Publications 1992
Saaty TL. The Analytic Hierarchy Process. New York: McGraw-Hill, 1980

Saha SK, Bhaumik T, Mahanta DK. Experi i
.B ; M: . Experience with Community Cooking i
Regtqns of India. /n Renewable Energies and Enzrgyoolélfl‘lﬁgci]: Castern
Sustama'ble Development. Proceedings of 23 rd National Rerxewablenl(;y o
Convention (Sawhney RL, Buddhi D, Gautam RP Editors). Indore: Iéi)rliy
. . r

Energy Society of India.1999: 65-68.

Salminen P, Hokkanen J, Lahdelma R. Comparing muiticriteria methods in th
context of environmental problems. European Journal of Operational RCSearc,]?

1998; 104: 485—4906.

Samouilidis J, Mitropoulos C. Energy ecoriomy models- a survey. European Journal
of Operational Research. 1982; 25: 200-215.

Sastry EVR. Indian photovoltaic programme. IREDA News. 2000; 11 (3):27-33.

Satia JK. Develop market driven technologies to meet the clients. Vikalpa.1991; 16

(2):81-82.
Saucer HD. Between wishes and reality, the limited potential of solar cookers. D+C.

2000; 3: 21-22.
ergy supply optimization with multiple objectives.

Schulz V, Stehfest H. Regional en
European Journal of Operational Research. 1984; 17: 302-312,

Assessing consumer preference for product features selection:
Vikalpa.1997; 22(4):49-54.

Sharma SD, Buddhi D, Sawhney RL, Sharma A. Design, development and
on of a latent heat storage unit for evening cooking in a

erformance evaluati
p Conversion and Management.2000; 41 (14): 1497-1508.

solar cooker. Energy
nd Training Communities of Kathmandu Valley the Use of
kers. In Renewable Energy Education: Current Scenario
(Misra A. Editor). New Delhi: Tata Energy Research

Sharan Girija, Naik G.
solar cookers.

Shrestha Sama. Teaching 2
Solar Parabolic qu
and Future Projections
Institute. 1998: 133-143.

C. Bansal NK. Performance evaluation of parabolic sola

ewable Energies and Energy Efficiency for Sustainablr

gs of 23 rd National Renewable Energy COnVentioe
tam RP Editors). Indore: Solar Energy Socict;

Shukla SK, Kaushik S

cookers, /n Ren !
Development. Proceec.im
(Sawhney RL, Buddhi D, Gau

of India.1999: 82-85.
mme. IREDA News.1998; 9(1): 9.1,

Singhal AK. Solar cooker progra



Sinha CS, Kandpal TC. Opti i ies i
, . Optimal mix of technologies in rural : i
International Journal of Energy Research. 1991; gfss?lr E?J'. fhe cookdng sector

Siskos J, Hubert PH. Multi-criteria analysis of the impacts of cnergy alternatives: A
survey and a comparative approach. European Journal of Opcratio'nal

Research. 1983; 13:278-299.

Skikos GD. Machias AV. Fuzzy multi criteria decision makin i

iD, Ma . g for cvaluat i
oites. Wind Enginecring.1992; 6(4):213-228. ton of wind
hna J. Biomass Combustion and Health. New Delhi: Wiley

Smith KR, Ramakris
1990.

indexing of large industrial development alternatives

Solnes J. Environmental quality
Assessment Review.2003; 23 (3): 283-303.

using AHP. Environmental Impact

Philip SK. Development of a domestic concentrating cooker. Renewable

Sonune AV,
8): 1225-1234.

Energy. 2003; 28 (
O, emissions in India, increasing trends and alarming

997: 25(11):941-949.

Susilk SB, Furtado R. Q lue of technolggical, environmental and
financial gain in decision models for offshore oil exploration. Journal of
and Engineering. 2001; 32: 115-125.

Petroleum Science

B. An interval version of PROMETHEE for comparison of
ts’ design with ill defined data on environmental quality.
| of Operational Research. 1998; 109: 522-529.

Srivastava Leena. Energy and C
portents. Energy Policy.!

Teno TFL. Marseschal
building produc

European Journa
and Directory Yearbook (TEDDY) 2002/03. New Delhi:

ources Institute. 2003.

2 T, Ray T. Multi-Criteria Decision Making: An
ch In Encyclopedia of Electrical and Electronics
ditor.) New York: John Wiley and Sons. 1998.

TERI. TERI Energy Dat2
The Energy and Res

Triantaphyllou EB, Shu S, Sanche
Operations Research Approd
Engineering. (Webster JG.E

A, Lin CY. Application of multi-criteria decision making to the

| stem development in Taiwan. Energy. 1992;

Tzeng GH, Shiau T
f new energy SV

rvation strategies in urban transportation:

Energy conserv ‘
ision making. Energy Systems and Policy.

Tzeng GH, Shiau TA. odia dec

application of multi-er

1987: 11:1-19.
nof Multicriteria Decision Making to Old Vehicle

jcatio ) .
ding of International Conference on MCDM

Tzeng GH, Tsaur SH. AP pl In Procee
Elimination in T8%2% (0 og3.
Taipei. Taiwan- 1990

180



Usretey Aparna, Deshmukh MK, T
. De: , Tomar SS, Chand S. Effects of cooki i
the constitution of cereals and pulses. Journal of Rural Recoﬁ!;tl?ugct(ilg;lcrgﬁ}og

29 (1): 77-94.

Usretey Aparna, Deshmukh MK, Tomar SS, Ch
. 4 ! s ’ and S. Smokele .
appliances suitable for the Afro-Asian countries. Jofl;;lllralofcogg?agl

Reconstruction. 1995; 28 (2): 79-92.

Vipradas M, Mathur A. Product and market development process in renewables, /
Renewables: Products and Markets. (Vipradas M. Editor) New Delhi: 'I"atn
Energy research Institute.2001. L

Vishwanathan B. Kumar KSK. Cooking fuel use pattern in India:1983-2000.Energy
Policy.2004; Article in Press '

VITA. Evaluation of Solar Cookers. VITA report. No 10. Maryland: Volunteers in
Technical Assistance. 1961

Voropai NL, Ivanova EY. Multicriteria decision analysis technique in electric power
system expansion planning. Electrical Power and Energy Systems. 2002; 24:

71-78.
oker programme. Renewable Energy. 1997; 10

Wareham RC. Parameters for solar ¢0

(2/3): 217-219.
quantitative factors —an analytical hierarchy

g qualitative and
g Sciences.1990; 24: 57-64.

Economic Plannin

ani R. Optimization of building thermal design and
netic algorithm. Energy and Buildings. 2002; 34:

Wedley WC. Combinin
approach. Socio-

Wright JA, Loosemore HA. Ferm
control by multi-criterion g€

959-972.
mon factors and major characteristics of household

nmin F. Com : ;
paratively well-off rural China. Renewable and

umption in com
e y Reviews. 2003; 7(6): 545-552.

Xiaohua W, Zhe

energy €O
Sustainable Energ

M. Multicriteri
stainable transp

03; 37: 717-729.
aking. New York: McGraw-Hill. 1982,

Yedla S, Shreshtha R a approach for selection of alternative option for
énvironmentally su ort system in Delhi. Transportation
Research -Part A 20

Zeleny M. Multiple Criteria Decision M



Appendix {: Techno-Economic Evaluation of PSC at BITS

N .
ame of the Project: Performance Evaluation of Parabolic Solar Cook
ers

Principle Investigator: Prof. M. Ramachandran

Fundi A fini
unding Agency: Ministry of Non-conventional Energy Sources, New Delhi
’ elhi.

The techno-economic analyses of PSC were carried out at BITS, Pilani und
) i under

the above at Centre for Renewable Energy and Environment Development (CREED
).

Two models of PSC viz. the domestic model (SK-14) and community model
moae

(Scheffler) were evaluated.
The studies carried out were assessment of cooking performance for various

nt conditions, thermal efficiency evaluation, and stagnation

items under differe
nts were carried out for student mess and

ture determination. The assessme

tempera
cookers were installed, the cooks were trained to handle

guest house. The models of
s, and vessels were prepared fo
ke fabrication of counter weight for flap, caster

r the testing by blackening at the

minor problem

bottom. Certain modifications li
e also carried out. The salient features of tests were as

wheels for cookers Wer

follows...
g was carried out as per requirements with both the

1. Satisfactory cookin

models
were cooked including rice, cereals, rajma, urd, poories.

2. Different items
e only on the days when average solar radiation was more

3. Cooking was possibl

than 500 w/m? for approX 5 hours.
)s are possible if aVerdEe solar radiation was more than 700

4. Cooking two med

W/m? for approx at Jest 3 hours.
A-1



5. Pressure cookers can help in efficient cooking with PSCs

Savings of the order of 285 kg of LPG (Rs. 3000) was possible during the test

6.
period with Scheffler PSC. For 70 students, 1875 kg of LPG can be saved in a
year which amounts to Rs.17000.

7. Average efficiency of Scheffler reflector was 25 % with stagnation
temperature of 650 C (on day of solar radiation of 960 Wim?).

8. Average efficiency of domestic model was 60 % with stagnation temperature

of 300 C (on day of solar radiation of 900 W/m?).

9. Savings of the order of 275 kg of LPG (Rs. 3000) can be achieved with
domestic model of PSC if use for 10 people for 250 days.
10. The rice wa grains were found broken during cooking and was not suitable to

be served.
g the comprehensive evaluation of

The above project was the basis for investigatin
domestic model of PSC in the present Indian context in comparison with other
contemporary cooking devices in a multi criteria context.



Appendix Il: Proforma for Asses
A g sment of P
Criteria/Sub-Criteria references for

Part (A) : Covering Letter
Dated: 12/2/2002

To,

Sub: Utility Assessment of Solar Cookers

Dear Sir/Madam,

[t gives me immense pleasure to interact with you on the problem of
assessment of overall utility of parabolic Solar Cooker (PSC) in the Indian context.
As we are aware this technology has been introduced in the country few years back
and technical assessment has been carried out. To achieve successful
commercialization there is a need to assess the utility of this device as of today and

suggest suitable strategies for corrective action.
I am proposing 0 use Multi Criteria Decision Making (MCDM) techniques

for the Comprehensive Utility Assessment of Solar Cookers as a part of my Ph. D
thesis, under the supervisor of Prof. (Dr.? M. Ramachandr_an.. Tl:lere are number of
criteria for deciding the utility of parabollc solar cookers vis-a-vis other devices for
y. (LPG, Kerosene,

supplying cooking energ Chulhas etc)
response will assure substantial judgment in this exercise and

cessfully. I will be happy to acknowledge the same.

are your valuable time to fill in and return the
1l be utilized for research purpose

Your judicious
help to carry out the same suc

it convenient t0 SP

ake 4 _
Please ™ The collected information wi

attached proforma-
only.

I welcome your positive suggestions.

Thanking you.
Yours truly,

Sanjay D. Pohekar



Appendix Il: Proforma for Assessment of Preferences for
Criteria/Sub-Criteria (Contd...)
Part (B): Proforma

1. Name of the Respondent: -

[0S

. Designation: -==-===="

3.Address:------- -

-

(Note: For evaluating solar cooker with respect to contemporary cooking encrgy
devices/systems following criteria are being considered. Please indicate the prlorit\i,es

‘e to assign to the criteria mentioned below. Please mark a tick (V)
you would like to assig (Legend: VH: Very High, H: High, M:

against each of the rows a5 per your judgment.

Medium, L: Low, VL: Very Low)

Criteria | Criteria Importance Level as per
No your Judgment

CR 1. Fuel consumption B

CR 2. Cooking time

CR3. | Durability
CR4. | Quality/reliability of device

CR 5. | Sophisticati FJovice: (€.
stication level ©
e g?cfr};:ge of heat, heat rate control

CR6. | Size/Weight/Space requirements
CR7. | Ruggedness of device
(CR8. | Geasonal 7Continuous Use

W Need for tracking

CR 10. | Nutrient content of food

uel cost

CR 12. i/l/
-




[ Criteria | Criteria Importance Level as per
No your Judgment
VH |H M L (VL
"CR 14. ! Available subsidy
CR I5. | Rate of interest on loan if any
_C_li_IG. Pollution hazards
CR17. | Human drudgery
CR 18, Overall safety
CR 19. | Features of device, aesthetics -
CR 20 Motivation for purchase of device
m. Taste of food
m. Cleanliness of utensils
CR 23, Ease of operation/handling
'CR 27, Type of dishes cooked
W Need of additional cooking system
?R"Z improvement in existing models
h(f_pf'ﬁ' Availability of spares and after sales
service
CR 28, [ Distribution network
M. Market rcm_———._——_
CR 30, | Need for user training
—
Thanks!

Signature of the Respondent




Appendix lll: P

roforma for Comparison of Devices

I. Name of the Respondent:

----------------------------

-------------------------------------------

(Note: For comparing
devices/systems the followin

judgment in the table below as
Low, VL: Very Low)

JE———
B

I-mproved
Chutha

]
.

. ——

pSC with resp

T

3

Kerosene
Stoves

——
e

I

]

]

N
— ]

S

_‘-u-__‘_‘.__
Device — | ]
Chulha
Sub-Criteria
Fuel consumption
Cooking — |
ooking time
Durability |
-'"——‘__:_‘___-—'____._——'_—_.
Quality, reliability
of device
vie —
?Oph:sucaiion
S‘{Vel of device |
12¢/Weight/Space
f®quirements |
Ug_gedness of
BVice
Seasonal |
dependence .
¢ed for tracking
Nutrj ]
ient con
foog tent of
Initia) Cost of |
E‘\-’ice
I
Fuel cost per
Month
' I
Maintenance cost
&r annum P
Available subsidy
‘ P
Fale _of Interest on
oan if ap
Pollution |
Hoargs |
S

ect to contempor
g sub-criteria are considered.

per Legend: VH: Very

I

4
Biogas
Chulha

| ]

ary domestic cooking energy

Please record your

High, H: High, M Medium, L:

"T
LPG
Stoves

Micro
Wave
Oven

| 1]

7
Electric
Oven

Solar
Box
Cooker

9
Parabolic
Solar
Cooker

Lot Applicable

o

T

| —




8 9
'T)evicc —> ! 2 d f(erosene 4Biogas iPG ;‘\dicro l—-f:leclric Solar | Parabolic ]
—_ Chulha I";],p;,?ve Stoves Chulha | Stoves | Wave | Oven | Box Solar
Sub-Criteria Chulha Oven Cooker | Cooker

Human Drudgery

Overall safety

Features of device,
aesthetics
Motivation for
purchase of device
Taste of Food
mnlincss of
Utensils
Ease of
_Operation/handling
Type of dishes
cooked
Need for
additional cooking
system
Improvement in
eXisting models
Availability of
Spares and after
Sales service
Distribution
etwork —_—

Market Research

Thanks!

Signature of the Respondent



Appendix |V: List of Respondents/Experts Consulted

(A) Professionals

!. Directors of MNES, New Delhi

2. Principal Scientific Officers of MNES at Hyderabad, New Delhi, Pune
Additional Chief Executive, Rajasthan Renewable Energy Corporation
Ltd, Jaipur
4. Chairman, Institution of Engineers, Pune

Senior Technical Executive, Gujarat Energy Development Agency,

5.
Vadodara
6. Scientist C, Andhra Pradesh Energy Development Agency Ltd, Hyderabad
7. Managing Director, Gadhia Solar Energy Systems, Valsad
8. Managing Directors of Parabolic Solar Cooker Manufacturing Companies

at Pune

(B) Researchers

9. Director, Appropriate Rural Technology Institute, Pune

10. Scientific Officers, Appropriate Rural Technology Institute, Pune

11. Researchers, Energy Studies Dept , Tezpur University, Tezpur

12. Researchers, School of Energy Studies and Center for Energy Studies,

DAVYV, Indore

13. Head, School of Energy Studies, North Maharashtra University , Jalgaon

(MS)

14. Research Associates al The Energ
Indian Institute of Technology, New Delhi

y and Resources Institute, New Delhi

15. Research Associates,

16. Assistant Professor, Indian Institute of Technology, Mumbai



I7. Associate Professor and Head Energy Systems Engineering, Indian
[nstitute of Technology, Mumbaij

18. Head, Centre of Energy Studies, Kumaraguru Coilege of Technology
Cotimbatore ,

19. Coordinators, Centre of Renewable Energy and Environment
Development, BITS, Pilani

20. Head, Indira Gandhi Institute of Development and Research , Mumbai

{C) Educators
21. Head, Mechanical Engineering Department , K K Wagh College of
Engineering , Nasik (MS)
22. Principal, College of Engineering, Aurangabad
23. Faculty at Mechanical Engineering Department, Anna University,
Chennai

24, Faulty at Birla Vishwakarma Mahvidyalaya, Vallabh Vidyanagar

25. Dean College of Engineering and Technology, Udaipur

(D) Users
26. Actual Users at Pune (5 Nos)

27. Actual Users at Valsad (3 Nos)

28. Actual Users at Pilani (5 Nos)

29. Actual Users at Mount Abu (3 Nos)

30. Actual Users at Nasik (5 Nos)

31. Actual Users at Coimbatore (1 Nos}

32.Actual Users at Indore (4 Nos)

33.Miscellaneous (3 Nos)



List of PublicationslPresentations
\H‘-

—

l: International /Nationa Journals

Pohekar SD, Ramachandran M. Multi-criteria evaluation of Cooking energy

alternatives for promoting parabolic solar cooker in India. Renewable Energy

2004; 29(9): 1449-1460.
Pohekar SD, Ramachandran M. Application of multicriteria decision making to
sustainable energy planning- a review. Renewable and Sustainable Energy

Reviews. 2004; 8(4): 365-381.
Pohekar SD, Ramachandran M. Hierarchical approach to evaluation and
promotion of parabolic solar cookers in India. Energy Education Science and

Technology.2005; 14 (2):81-91. { Forthcoming)
Pohekar SD, Kumar D, Ramachandran M. Dissemination of cooking energy
alternatives in India - a review. Renewable and Sustainable Energy Reviews, 2004

(Accepted -In Press).
Pohekar SD, Ramachandran M. Assessment of solar cooking technology and its

dissemination in India. Energy and Fuel Users Journal.2004 (Accepted -In Press).

Pohekar SD, Ramachandran M. Usefulness of parabolic solar cookers ag 5
sustainable energy options for India. All India special Issue on Renewable Energy.
Institution of Engineers India.2004 (Accepted ~In Press),

Pohekar SD, Ramachandran M. Multi-criteria evaluation of cooking devices with
special reference to utility of parabolic solar cooker (PSC) in India. Energy.

(Accepted for Il review).
Pohekar SD. Ramachandran M. Multi-criteria decision making framework for

dissemination of parabolic solar cookers in India, Journaj of Solar Energy SOCiety

of India (Communicated).
Pohekar SD, Ramachandran M. Utility assessment of parabolic solar cooker gs g

domestic cooking device in India. Renewable Energy. (Communicated),



li: International/National Conferences

' . Q0. il'lg

T
echnology Management for Sustainable Growth and Develo
pment  at

National Institute of Industrial Engineering. Mumbai. 2001

Pohekar SD, Ramachandran M, Deshmukh MK. Multi-Criteria Decisi
' B sion

Making for Utility Assessment of Parabolic Solar Cooker. In the Proceedi
- ings

of National Conference on Advances in Cotemporary Physics and Ener
Indian Institute of Technology. New Delhi. 2002. o

Pohekar SD, Ramachandran M. Development and Dissemination of Paraboli
ic

Solar Cookers: Study of Factors Governing the Overall Utility., fn the

Proceedings of International Conference on Renewable Energy Development
and Commercialization in India at MHKWC. Malsisar. 2002

Pohekar SD, Ramachandran M, Deshmukh MK. Parabolic Solar Cookers as a

Vital Breakthrough in Solar Cooking Technology. In the Proceedings of

National Seminar on Renewable Energy Sources and other Technoiogies for

Rural Development at SSGMCE. Shegaon. 2002.
D, Ramachandran M. Ranking Cooking Energy Aiternatives by
In the Proceedings of National Renewable Energy

Conference New Millennium-Alternative

Pohekar S
Multi-criteria Analysis.

Convention and International
Solutions for Sustainable Development at PSG Coliege of Technology

Energy

Coimbatore. 2003.
S, Ramachandran M. A Comparative Analysis of

Pohekar SD, Kurhekar
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Cooking Energy Options
ference on Energy Environment Technologies for

of International Con
Development. Institute of

r.2003
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did his Master of Technology in Encrgy Management from School of Energy and
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Open University, New Delhi in 1999. He took up the research in Renewable Energy
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decision making, and renewable energy education.
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Prof. M Ramachandran did his B.E. (Mechanical Engineering) from Bangalore
University and Ph. D. (Energy Studies) from Indian Institute of Science, Bangalore.
He served in the field of renewable energy in various capacities for the past two
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Development (CREED) at BITS, Pilani for implementing sponsored projects in
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