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1. Introduction

’ Kirkt Parikh
Indira Gandhi Institute of Development Research, Mumbai

1.1 Climate Change - A Threat

The thweat of climate change is real. The Third Assessment Report (TAR) of
intergovermnmental Panel on Climate Change: (IPCC) states clemly as follows:

“Available observational evidence indicatcs that regional changes in
climato, particularly increases in temperature, have already sffected a
diverse set of physical and biological systems in many parts of the world.
Examples of observed changes include shrinkage of glaciers, thawing of
permafiost, Iater freezing and carlier break-up of ice on rivers and lakes,
- lengthening of mid- to high-lstimde growing scasons, poleward and
faRtitudinal shifis of plant snd animal ranges, declines of some plant and
animal populations, and earlier flowering of trees, emergence of insects,
and egg-laying in birds. Associstions .between changes in regiomal
wmweﬁmmmwmww
have been documented in many aquatic, temrestrial, and marine
environments.”

IPCC further observes that —

WMMMMMIOMMM

of limited adaptive capacity (sce Box SPM-1), and some of these systems
may undergo significant and ireversible damage. Natural systemns st risk
grasslands. While some species may increase in sbundance or ramge,
vulnerable species and Joss of biodiversity. It is well-established that the
geographical extent of the damage or loss, and the number of systems
affected, will increase with the magnitude and rate of climate change.™

Mmyhmsym-embdmwmmmm
agriculture, food security, forestry, coastal zones, marine fisheries, human settlements,

energy, mdustry, insurance and other financial systems and human health. The impact of
chmﬂechmgca&msyﬂmmhwamdwxmﬁmmwﬂ-bung
in India Thus it is important to assess India’s vulnerability.
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India may be particularly vulnerable to climate change as a poor and tropical sub-tropical
country, highly dependent on weather for its agricultural output. For India, its freshwater
systems, rainfall, rivers and groundwater are critical for its agriculture and food security.
Disruptions, draughts and floods induced by climate change can cause great hardship and
impose large costs. Similarly, the large coastline of India, millions who live near the sea
and depend on coastal ecosystems for their livelihood may also be highly vulnerable to

climate change.

It is important to assess India’s vulnerability for it can provide guidance for policy
actions both at national and international levels.

1.2 Vulnerability - Notions

In anymulu-d:sclphnmyamofstudy ﬂm‘ensadangathatpeoplemmontenns
with a different meaning in mind. It is therefore, necessary to clearly define at the
beginning what is meant by some commonly used terms such as sensitivity, adaptive
capacity and vulnerability. We reproduce the IPCC definitions in Box 1. Other terms that

- need to be defined at the beginning relate to confidence levels and state of knowledge.

Box 2 from IPCC shows these.

Box 1: Climate Change Sensitivity, Adaptability and Valnerability

Sensitivity is the degree to which a system is affected, either adversely or beneficially, by
climate-related stimuli. Climate-related stimuli encompass all the elements of climate
change, including mean climate characteristics, climate vanab:hty, and the frequency and
magmtude of extremes. The effect may be direct (e.g., a change in crop ¥icld in response

to achaage in the mean, range or variability of temperature) or indirett! (e.g., damages
caused by an increase in the frequency of coastal ﬂoodmg due to sea-level rise).

Adaptive capacity is the ability of 8 system to adjust to climate change, including climate
variability and extremes, .to moderate potential damages, to take advantage of

opportunities, or to cope with the consequences.

Pulnerability is the degree to which a system is susceptible to, or unable to cope with,
adverse effects of climate change, including climate variability and extremes.
Vulnerability is a fiinction of the character, magnitude and rate of climate change and

variation to which a system is exposed, its sensitivity, and its adaptive capacity.

Box 2: Confidence Levels and State of Knowledge

Quantitative Assessment of Confidence Levels

| In applying the guantitative approach, authors of the report assign a confidence level that




represents the degree of belief among the authors in the validity of & conclusion, based on
their collective expert judgment of observational evidence, modeling results, and theory
that they have examined. Five confidence levels are used. In the tables of the Technical
Summary, symbols are substituted for words:

Very High (*****) 95% or greater
High (****) 67 - 95% )
Medium (***) 33-67%

Low (**) 5-33%

Very Low (*) 5% orless

Qualitative Assessment of the State of Knowledge

In applying the gualitative spproach, suthors of the report cvaluate the level of scientific
understanding in support of a conclusion, based on the amount of supporting evidence
Mﬂwhdofwwapahmmemﬂmdlhemm

qualitative classification are employed.

‘o Well-established: 'Modcls incorporate Ikmown processes, observations are
. comsistent with models, or multiple lines of evidence suppart the finding.

L] mememmm_
some parameterizitions may not be well tested; obecrvations are somewhat |
consistent but incomplete; current empirical estimates are well founded, bat the
possibility of changes in poveming processes over time is considersbie; or only
one or a few lines of evidence support the finding.

o Competing explanations: Different model representations account for differont
aspects of obeervations or evidencé or incorporate different sspects of key
processes, leading to competing explanations.

¢ Speculative: Conceptually plansible ideas that are not adequately represented in
the Titersture or that contain many difficult-to-reduce uncertaintios.

Vulnersbility depends not only on the sensitivity of the systems but also its capacity to
adapt. Adaptation however, is not costless and the ability to adapt depends on one's
resources. Thus a developing country like India and the poor in it have the least capacity
‘t0 adapt and are most vuinersble. Our purpose in this paper is 0 assess India’s
vulnerability to climate change.

To do that we first jook af various climate change scenarios in section 2. Section 3
summarizes the impacts of possible clinate change scenarios on various sectors and
systems to identify key concems. These are found to be, agriculture and food security,
coastal zones, submergence, water resomrces disroptions and increased vulnerability at
local and commumity levels. These are assessed in sections 4 to 7. Section 10 pulls these

together and concludes with policy recommendations.
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2. Climate Change Scenarios

- Amand Patwardban
Indlan Institute of Technology, Mumbai

Climate change induced by human activities is now recognized as perhaps the most
serious environmental problem and developmental challenge in the world today. The
Earth’s climate system is likely to undergo significant change over the course of the next
century and longer, as a result of forcing due to the increasing atmospheric concentrations
of greenhouse gases. The consequences of these changes in the climate system will lead
to impacts on natural and social systems. Evaluatlon of these impacts therefore requires
the specification of scenarios or projections ‘of changes in future climate. At the same
time, the climate system exhibits significant natural variability on interannual to decadal
time-scales. This variability and the occurrence of extremes of weather already poses a
challenge to the socio-economic system. Consxdering that even future climate change will
be perceived largely in terms of changes in variability or extreme events, it is important

to understand the baseline of impacts that result from current patterns of variability and -
extremes. Therefore, this section begins with a review of the characteristics of current
climate over the Indian subcontinent, with special attention towards extreme weather
events. We then summarize some of the recent projections with regard to climate change

for the Indian subcontinent.

2.1 Climate characteristics and trends

Thechmaﬁemthelnd:mn mbeonhmt.smmostofnopwdAHA,mdmnwﬁbythe
two monsoon seasons — the Southwest Monsoon, from June through September and the”
Northeast Monsoon, from November through March. The monsoons bring most of the
reglon s precipitation and are the most critical climatic factor for the provision of
drinking water and water for rain-fed and xmgated agriculture. The Indian subcontinent is
also home to some of the largest river basins in the world, including those of the Ganges,
Brahmaputra and the Indus. A s:gmﬁcant proportion of Indian population and economic
activity is concentrated in the deltaic regions of the major rivers of the subconuneut, such
as the Ganges, Godavari, Mahanadi and Kaveri.

Over the last 100 years, mean surface temperature has increased by 0.3 — 0.8 degrees C
over the tropical Asian region (IPCC, 2001). In India, Rupa Kumar et al (1994) have
demonstrated that mean maximum temperatures have increased by 0.6 degrees C for a
period from 1901 — 1987. They also observed a decrease in mean minimum temperature
of 0.1 degrees C; however, this decrease was not statistically significant. In another
study, Srivastava et al (1992) found an increased warming trend in the last two decades
(1971 ~ 1980, 1981 — 1990) as compared to previous decades. Figure 1 plots the annual .



average maximum and minimum surface temperatures from 1901 - 1990. For
comparison, Figurc 1 also illustrates the maximum temperature in the hottest month of
the year (May) and the minimum temperature in the coldest month of the year (Jaouary).
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With regard to sumsaer monsoon rainfail, Parthassrthy et al (1993) have shown that there
mmmﬁﬂmamm“&ehlmmmm
is significant intermmual and interdecadal varisbility. Figare 2 plots the All-india
(: ¢s, which uses data from an almost wniformly
distributed network of 306 stations across the country 4o obtain sn arca-sveraged estimate
of the total monsoon rainfall in the country”. This is widely regarded as 3 relisble index
of summer monsoon activity over the Indian sub-continent. Years in which the AISMR
exceeds 1 standard deviation sbove the mean are regarded a3 “flood™ years, while years
in which the AISMR is 1 standard devistion below the mean are regarded a3 “drongit™
years. Based on this classification, there appear to be 19 flood and 21 drought years in the
pesiod from 1981 o 1997. Interdecadal time-scale varisbility in the monsoon is seen
clearly from Figure 2, for example it appears that there have been alterpating periods
extending to 3-4 decades with less and more frequent weak monsoons over india.

! Sowrce: Past and Rupe Kumuar (1997)
zhmﬂMdﬂ(l”lLMﬁﬂﬂmmaﬂﬂ”ﬂﬂ“‘h‘-ﬁw




Figure 2: AISMR series

In addition to aggregate rainfall over spatial (regional) or temporal (s¢asonal) scales, it is
also important to examine two other features of the monsoon — wet spelis and heavy
rainfall. The summer monsoon exhibits a characteristic active and break periods that
cmmwﬁmddxyspelbofmgdmﬁommsmlwnﬂvﬁabiﬁwmminfdlis
particularly important for agriculture, and is 3 key issue in terms of forecasts of future
climate change. The India Meteorological Department (IMD) considers days in which
rainfall exceeds 7 cms as heavy rainfall days. Heavy rainfall days are important from the
perspective of floods. Trends in heavy Tainfall have been explored by Sinha Ray and

" Srivastava (2000), who find a decreasing trend in heavy rainfall during the winter

(January — February), pre-monsoon (March — May) and post-monsoon (October —

December) seasdnst and mixed results during the monsoon itself, They suggestthat the
decrease in pre and post-monsoon seasons could be related to the decreasing trend in
cyclomc actmty found by Srivastava ét al (2000). Recent decades have exhibited an

increase in extreme (or heavy) rainfall events over northwest India during the summer

monsoon (Singh and Sontakke, 2001).

2.2 Extreme events

The Indian subcontinent is subject to a wide variety of climate-related extreme events,
including, tropical cyclones, floods, landslides as well as heat waves and cold waves.
Significant impacts are associated with these events, as can be seen from Figure 3. While
tropical storms appear to be the most important, it should be noted that if the numbers for
earthquakes and storms are high due to 3 single very destructive event — the Latur event

£



in the case of earthquakes, and the Orissa super-cyclone in the case of storms, both of
which had mortalities close to 10,000. If one adjusts the data for thess two specific
cvents, a more balanced picture emerges, and floods are then the most significant natural

hazard in texms of mortality.

Riti1iiE

2.3 Trepical cyclones

Tropical cyclones are an important part of the weather and climate in India. The prissary
area of cyclogenesis of concern for Indis is the Bay of Bengal, sithough tropical cyclones
oviginating in the Arabian Sea do affect parts of the Indian coastline, particalarly the state
of Gujarat. Most analysis of tropical cyclones classifies the events into depressions (wind
speed < 62 km/hr), cyclonic storms (wind spoed between 62 and 87 km/lw) and severe
cyclonic storms (wind speed > 87 km/lnr). Severe cyclonic stormns comresposd %o &
Category 1 Hurricane on the Saffir-Simpson scale that is commonly used for describing
systems in the North Atlantic Ocean. For s 100-year period (1891 — 1990) around 914
events made landfall on the Bay of Bengal coastline (India, Bangladcsh and Myanmar),
of which about xx were depressions, yy cyclonic storms and 7z severe cyclonic stonms.
Almost 70% of all tropical cyclones originating in the Bay of Bengal eventuaily make
landfall on the coast. -

The obscrvational record suggests that no significant changes in the number, frequency,
or miensity of tropical cyclones or depressions have been observed in the Northern Indian
Ocean cyclone region (Bay of Bengal and Arabian Sea) over the past 100 years, although
spectral analysis suggests varisbility on a range of time-scales. For example, Gadgil

¥ Based on deta from the CRED datsbasc



(1995) has shown decadal-scale variations—with a rising trend during 1950-75 and a
declining trend since that time, and Singh et al (2000) suggest cycles of various
periodicities, the most important being 2-5, 10, 13 and 29 years. However, there is some
disagreement with regard to the inferences from the observational record, as Srivastava et
al (2000) suggest that there is a statistically significant decreasing trend in the frequency
of storms when evaluated over a period of 1891 to 1997 for the Bay of Bengal. The same
study concludes that there is no significant trend when one examines cyclonic

dnsturbanm as a whole.

Tmmmwmamﬁmmmemmduewmmmgh
wmdsmdﬂoodmg.ﬂowem;ﬂﬁmﬁ@mmﬁcantmpm&embngm

dislocation of public infrastructure and consequent public and private economic output.
Impacts associated with tropical cyclones are discussed further in a subsequent section.

© 2.4 Floods

Rwenneﬂoodmgxspah@sﬂwmnstmnwchmate-nlatedhazmﬂmhdmﬂood
- control has been a key element of national policies for water resource management. There
are a variety of types of floods, inclpding flash floods, single event floods, multiple event
-floods and seasonal floods, all of which are typically caused by heavy rainfall. In
addition, there can also be coastal floods caused by storm surge, floods due to dam failure
and estuarine floods. In this section we will focus on rainfall-induced floods of rivers. At
present there are about 120 major and medium rivers in India that are broadly grouped.
under 12 major river basins: Indus, Ganga-Brahmaputra-Meghna, Sabarmati, Mahi, Tapn,
Brahmani, Mahanadi, Narmada, Krishna, Godavari, Cauvery and Pennar. Flood and river
discharge data is collected through a network of about 340 gauge/discharge sites located
onthemajorandmedmmnvasoflndra.'Ihenversarcsmdtobemﬂoodwhmthe
- water level crosses the Danger Level (DL) at the particular site. Major floods are defined
as events when the DL is exceeded by 1 meter and most severe floods are events where
the DL is exceeded by 5 meters. For a period’frdm 1987 — 1997 the most flood prone
states were Assam and Bihar, followed by Uttar Pradesh and West Bengsal. A good source
that describes the all-India distribution of flood hazard is the Vulnerability Atlas of India,
from the Building Materials Technology Promotion Council (BMTPC, 1997). The
maximum number of flood events are experienced in the month of August, §

L}

A large part of the Indian subcontinent is exposed to annual floods and droughts. The
occurrence of floods and droughts is closely linked to the summer monsoon activity.
Variations in heavy rainfall and meteorological floods have been analysed by Chowdhury
and Mhasawade (1991), who have used rainfall data to develop a flood index. The
average annual flood covers vast areas throughout the region; in India and Bangladesh
alone, floods cover 7.7 Mha* and 3.1 Mha, respectively (GOI, 1992; Mirza and Ericksen,

* \iiHion Bectares, or XX sq. kmx
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1996), while the total flood-prone® area in India is of the order of 40 Mba, or sbowt 12%
of the total land area of 329 Mha. .

Impacts

Floods causc significant damage in India, average flood damage over the period fiom
1953 — 1987 has been estimated st Rs 298 crores annually, with 3 mortality rate of around
1318 per year (Roy, 1998). Figure 4 describes the trends in flood damages for a period
from 1953 — 1987 (CSE, 1991). As the Figure indicates, the flood damages have
increased steadily over a period of time. This is only partly due to changes in the hazard
itself — a much larger contribution is perhaps due to the increased exposure to the hazard.

{—=—Total damage (crores) —e—Mortality |

4500.00
. = 3500.00 -

1953 1958 1963 1968. 1973 1978 1963

Floods not only canse immnediate consequences sach as loss of life and property, but are
also important in terms of the damage to public infrastructure and dtilities. This damage
in turn leads w0 a loss of overall economic activity that depends on the availsbility of the
infrastructure and the atilities. For example, the destiuction of roads, bridges and other
transport / communication infrastructure needs to be considered carcfully while

histing i

! Defimition of “flood pronc™
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Flood damages have risen over the years, as described above (Figure 4). In the outlay on

flood protection has also increased consistently, as have the expenditures on relief and
recovery. All of these suggest a pattern of i mcreasmg ‘vulnerability, which might worsen
as a result of climate change. The increase trend in flood damages is suggested even
when the data are adjusted to a common year (constant Rupees) This is described in
Figure 5 below, which displays average annual damage in different plan periods

(mcludmg some years when there were only annual plans)

Average annual damage In different periods (constant 1981-82 prices, crores)

1953-56 105851 106168 1986-00 1060-T4 107478 197850

Figure 5:

Wlnleapart&fthemcmsemdamagemlghtbeambutablctotheovemllmdsemthe
mexpoaedwmchawﬂ(ﬂood-aﬁ‘eetedmlﬁzsmpmmttomai:ﬂeﬂwdegwem
which systems are also becoming more resilient, particularly in the case of factors such as
mortality which can be reduced through a number of policy interventions and adaptation
strategies. Figure 6 provides a first attempt at addressing this question by plotting the
scaled mortality and damages (i.e. the ratio of total mortality to the total flood affected
population, and the ratio of total economic damage to the total flood affected area). While
scaled mortality does not appear to have any clear trends, scaled damage does seem to
increase in a fashion similar to the overall damage. This suggests that there is perhaps
increased concentration of housing, public infrastructure and other capital stock in flood-

prone areas.

12
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Figure 6:

Temperature extremes

Heat waves are an important route for the manifestation of climate-relsted impects. They
are also good cxamples of the role of multiple stresses, for example, mortalitics dwring
heat waves are ofien duc to a combination of heat and water stress — heat waves typically
mdumgdnmmm-aabmofmmﬂm
mwmmmmdmw
is a commonly used discomfort index (Bessncenot, 1990). In temperate countries, values
of the THI in excoss of 28.5 C arc considered o be high-discomfort situations. In most
parts of the country this value is cxceeded for a large parcentage of the time. As a resalt,
there is already a greater susceptibility 0 heat-related health conditions in India. The
IMD typically regands a heat wave as occurring if the daily temperstare exceeds the
normal maximem by 3-4 degrees, and it is considered 10 be a severe heat wave if the
temiperature exceeds the normal maxinwn by 5-6 degrees. The average annusal mortality
duc to heat waves has been estimated at 153 (Sinha Ray et al, 1999). Figure S plots the
incidence and mortality associsted with hest waves over a period from 1978 — 1999, As
may be expected the mortality resulting from a heat wave depends significantly on the
socio-cconomic conditions of the exposed population, for cxample, during the 1978 -
1999 peviod, while the number of heat waves was roughly equal in Punjab and Orissa (17
and 15, respectively), the mortality in Orissa was more than four times that in Punjab
(114 as compared to 529) (Chsudbury et al, 2000). Further cross-sectional and
longitudinal analyses of impacts associated with heat waves are likely to provide uscful
msights into the role and effectiveness of adaptation and adaptive capacity.

13
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Prejections of future climate change

Scenarios. of future climate change are genersied starting MWJM for the

h -ﬁnissions-ofyeaﬁiousc gases. Complex three-dimensional models of the atmosphere,

ocean,eryo@hdrémdﬂteba are used to cvaluate the effect of the changes in

' radiative forcing associated with increased concentrations of greenhouse gases. These

models also include the effect of factors such as sulfate aerosols. A variety of approaches
are then used to develop regional and local scenarios for changes in climate variabies.

These include, for example, nested models, statistical downscaling and related
techniques. Before using a particular climate model for developing regional scenarios of
futurcchmatextrsnmmymasmsthedcgreetowhlchthatmodelmulmme
current climate conditions, including current patterns of climate variability. This is
particularly important as impacts are often most sensitive nof to the climate variables best
simulated (such as regionally or globally averaged surface temperature) but to vaniables
such as precipitation or higher order climate statistics, such as exceedences over a
threshold, or runs (series) of exceedences (such as a heat wave or a cold wave in the case
of temperature). For example, many models do not capture the intraseasonal and spatial
variability in the summer monsoon rainfall very well. Model validation exercises of this
kind have been carried out (Lal et al, 2000, Lal and Harasawa, 2000). A number of

models and model experiments were rated to have some skill in simulating the broad -

14
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features of the current climate and its varisbility (IPCC, 2001). Pisusible changes for
South Asia in area-aversged surface air tempersture and percentage changes in
precipitation based on an ensemble of these models are summarized in Tables | and 2
(IPCC, 2001).
Table 1: Ares-averaged surface air tempernture change (degrees C). Nambers in
parcatheses are changes whea direct effects of sulfate acrosols are incladed

20203 | 20508 | 2080s
13 | 269 384
(1.068) | {192) | (298)
_1.62 325 4.52
(1.19) | (208) | (325)

[Summer | 1.13 2.19 32
1 on | (.81 | @en

Table 2: Arca-averaged change in precipiistion (percestage). Numbers in
parcatheses are changes whea direct effects of sulfate serosols are incinded

e

20208 | 2050s | 2080s
29 6.8 19
{1.00) (-24) ! (-0.1)
27 | 214 53
10.1) | ¢148) | -112)

25 86 79
| 280) | ©.10) | @5)

As Table 1 indicates, significant warming is expected over the Indian subcontinent, with
greater warming in the winter than in the summer. The direct effect of salfate acrosols
mbmkmdm(mbetﬂ)m with regard
precipitation, salfste serosol sppears to produce a deleterions effect — as it tends 0 lead o
a decrease in precipitation rather than ag increase. In fact, the inclusion of acrosol forcing
can actually change the sign of the expected change, from an increase in precipitation to a
decrease. Recent scientific efforts such s the INDOEX project thns grest significance in
terms of improving predictive capability for the Indian subcontinent. The implications of
climate change for the summer monsoon have been explored by Stephenson et al (2000).

With regard to extreme climate events, there is significant uncertainty sbout the nstwre of
changes expected. The possibility of increased heavy rainfall events has boen sugpested
(IPCC, 2001). Increased heavy rainfall events could lead to increased probabilities of
flash floods and floods overall. The intensity and frequency of cyclone storms in the
Arabian Sea and the Bay of Bengal could also be affected under changed clhimatic
conditions. While carly work (Hasrsma et al, 1993) suggested that in the case of the
North Indian Ocean, the average number of tropical disturbance days could increase from
17 to 29 per year in 2 doubled CO2 scensrio, the current evidence is still inconclusive.

15



References
Besancenot, J.P;,199D: Chimate and tourism, Masson, Paris

Bhaskaran, B., J.F.B. Mitchell, M. Lal, and J. Lavery, 1995: Climate response of Indian
subcontinent to doubled CO; concentration. International Journal of Climatology, 15,
873-892.

_ Chaudhury, SX., Gore, I.M. and Sinha Ray K. C., 2000: knpact of heat waves over
India, Current Science, 79(2), 153-155
Chowdhury A. and Mhasawade, S.V., 1991: Variations in meteorological floods during
summer monsoon in India, Mausam, 42(2), 167-170
Dhar, O.N and Nandargi, Shobha, 2001: A Comparative flood ﬁ'equency study of Ganga
nad Brahmaputra river systems of north India — a brief appraisal, Water Policy, 3, 101-
107 _ _
. IPCC, 2001‘: Climate change 2001: Impacts, adaptation and vulnerability, Cambridge
University Press, UK
JNU, 1993. Impacts of greenhouse-induced sea-level rise on the islands and coasts of
India, Technical Report, School of Environmental Sciences, JNU, New Delhi.

Khole, Medha and De, U.S., 1999: Floods and droughts in associstions with cold and
warm ENSO events and related cm:ulatmn features, Mmam, 50(4) 355-364

, JLal,M and H. Harasawa, 2000; Cempansonof the presa:t-dsychmate simulation over
' " Asia mselected coupled atmospherc-ocean global chmatc models Journal of t the
= *“"“*i?a“" éordlogical Society of Japan, 78(6), 871-879. TR

Lal, M. and H. Harasawa, 2001: FnturechmatéchangescenmosﬁtAsxaasmfemd
" from selected couvpled atmosphere-ocean global climate models. JourmI of the

: Meteorolog:cal Society of Japan, T9(1), 219-227

Daaiidey svae Q and iV.J. Encksen, 1996: Tapact of water con!rol projects on fisheries.
resources in Bangladesh. Environmental Management, 20(4), 527-539.

Mooley, D. A., Parthasarathy, B., Sontakke, N. A., and Munot, A. A 1981 : Annual rain- -
water over India, its variability and impact on the economy. J. Climatology, 1, 167-186.

Muthiah, S. (Ed), 1987: A Samo-econo:mc Atlas of India, Oxford Ummty Press, New
Dethi, _

Pant, G.B. and Rupa Kumar, K, 1997: Climates of South Asia, John Wiley & Sons,
Chichester

16



Parthasarathy, B., Sontakke, N. A., Munot, A. A. and Kothawale, D. R. 1987:
Wn&emmr&ﬁﬂmmm
subdivisions of India for the period 1871-1984. J. Climatology, 7, 57-70

Parthasarathy B., Munot A.A., Kothawale D.R., 1995. All India monthly and scasona!
rainfall series : 1871-1993. Theor. and Appl. Climatol., 49, 217-224

Qasim, S. Z_, (1998): Glimpses of the Indian Ocean, University Press, Hydersbad, 206pp.

Rupa Kumar, K., K. Krishna Kumar and G.B. Pant, 1994: Dinmal asymmetry of surface
temperature trends over India. Geophysical Research Letters, 21, 677-680.

Rupa Kumar, K. and S.D. Patil, 1996: Long-term varistions of rainfall and surface air
temperature over Sri Lanks. In: Climate Variability and Agriculture [Alwol, Y.P., S.
Gadgil, and G.B. Pant (eds.)]. Narosa Publishing House, New Delhi, India, pp. 135-152.

Sinha Ray, K.C_, Mukhopadhyay, R.K. and De, U.S., 1999: Natural disasters, some
mmmvmmw )

Smhany,K.C.ndSuva_K,m:hheaymhmmﬁ
heavy rainfall? Current Science, 79(2), 155-158

Srivastava AK., Sinha Ray, K.C, and Yadav R.V, 2001: Is sunumer becoming more
uncomfortable over major citics of India? Current Science, 81(4), 342-344

Srivastava, A K., Sinha Ray, K.C, and De, U.S., 2000: Trend in the frequency of cyclonic
mmmmmmsumsm),m-m

TERI, 1996: The ecanomic i f mkﬁmubhﬁum
Meﬂ:odmdmmmwmthFadFm

17



3. Agriculture and Food Security
 Kirit Parikh
Indira Gandhi Institute of Development Research, Mumabi

3.1 'Impomnce of Agriculture

The importance of agriculture in India is manifold. More than 28 per cent of GDP was
generated in agriculture in 2000-01. More than 60 per cent of the workers have their
primary employment in agriculture as per the census of March 2001. Agriculture
provides the bulk of consumption of India’s people. The bottom 50 per cent of India’s
population spends two thirds of their consumption expenditure on food. Thus when
agricultural production system is disturbed it affects everyone in India. It disrupts the
livelihood of the poor. It threatens their food security. It aggravates the depth ofpova‘ty
and enlarges the extend of it as high food prices pushes down those on the margin of

poverty line, below the low.

hdamagxctﬂnn'e has made llgmﬁcant progress in the last four decades. Imgahon has
expended from 38 million hectares in 1970 to 83.6 million hectares in 1998. Thus, itis
now less vulnerable to variability of weather. This, however, does not mean it is less
vulnerable to climate change. Climate change can change suitability of different crops,
can disrupt ground water tables and supply and also surface water flows. This may
change the effectiveness of irrigation systems.

The bhanges'm temperature, monsoon activity and leirel.of carbon dioxide (éo,) affect |

_the productivity of crops. Whﬂehx@ereoncmtrauonofcozcanmcrcascthemteof
~photo synthesis and crop yields (Cure and Acock, 1986; Kimball et al, 1993). Recent
research suggests that beneficial effect of CO; fertilization “may be greater under certain
stressful conditions, incleding“warmer temperatures and draught” (IPCC-TS of WGI
Report). While this is “well established for some crops under experimental conditions,
knowledge about them is incomplete in sub-optimal ¢onditions of actual forms”. Acute
water shortages combined with thermal stress should adversely affect wheat and more
severely, rice productivity in India even under the positive effects of elevated CO, in the

Other threats to agricultural productivity arises due to increased incidence of pests and
diseases, greater frequency of floods and draughts, increased frequency of other extreme
events such as cyclones, greater soil erosion due to increased intensity of rainfall and

stronger winds.
3.2 Impact of Climate Change
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An carly global study by Roscnzweig and Parry, 1994 showed that sgricultare in
mmmmammmmmuu

w

levels (Loncrgan, 1998). The climsic models also predict higher
monsoonal activity over the Indian sub-continent. The changes in
temperature, precipitation, and ambient concentration of carbon dioxide
(CO»)* arc shown to have an effect on the productivity of crops. These
cffects, refared as agronomic effects, are assessed using crop simelation
models. A number of studies in the past have analysed these physical
impacts of potential changes in climate on Indian agriculture. Using a
dynamic crop growth model, WITGROWS, Aggarawal and Sinha (1993)
have showed that in north India, a 1°C rise in mean temperature would
** have no-significant effect on wheat yiclds, while 2 2°C increase would
- decresse yields in most places. Rao and Sinha (1994) have assessed the
.changes in whest yield using CERES-Wheat crop simulation model wader
+ vavious climate change scenarios. They have estimated that the wheat
" yields could decrease between 28 1o 68 per cent without considering the
carbon fertilization effects; and would range between + 4 t0 ~34 per cent
after considering carbon fertilization effects. In a study of rice crop in
northwest India, Lal et al. (1996) showed that carbon fertilization effects
would not be sble to offsct the negative impacts on yickds due o higher
temperstures under the changed climstic conditions. More recently
Sascendran ot al (2000) studied the impact of climate change om rice
production in the southern Indisn state of Kerals and showed that for
every onc degree rise in temperature thedecline in yield is about 6 per -

cent™ - | =
’ - Kumar K and Parikh (2001)

These studies have looked st one crop and in a particalar region. Knmer K sod Parikh §
(2001) have used EPIC model 10 assess the impact on climste change on wheat aud rice
yields in India. Since they have also used these estimates to assess the consequential
mmummmmmdm&eofﬁﬂhudmnmd
their assessment of yield impacts in some detail.

“The EPIC crop model used by Kumar K. and Parikh (2001) is a ficld-
scale model operating on daily time steps. The mode! has detailed modales
on weather, hydrology, erosion, nutricnt cycling, soil temperature, tillage,

* Higher CO2 concentrations im the stumephere are expecied to increase the sate of photosyuthesis sad heace the cvop yield (Cure snd
Acock, 1986; Kimball ¢i al., 1993). This phenomenon is refirrod as carbow fertikzation effoct in the Nocsyhwee.
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crop growth, and farm management. The model was originally developed
to study the effect of erosion and Jones et al. (1991} discuss the model
structure in detail. Stockle et al. (1992) have subsequently modified the
model to study the impacts of climate change on crop output. The model
. captures the impact of changes in various climate parameters on crop

production as follows:

Temperature: Through its influence on rate of plant phenological
development, the length of gmwmg period, and the rates of evaporation

and transpiration.
Preclpitatioa: Through its influence on soil moisture stress. The moisture
stress days during the growing period are accounted while evaluating their
effect on plant growth.

Ambient CO: concentration: Through increases in radiation & ioh use
efficiency (which is defined as photosynthesis per unit of solar radiation

absorbed). Increase in radiation use eﬂiciency "would result in
improvement in leaf area index, and also reduction in n'ansplrauon. Both

these cﬁ'ects would lead to improvement in crop yields.

They have calibrated the EPIC modcl parameters 50 tixat it reprodlwe observed yields at a

number of places in the country for which all the relevant data were available. There were
12 sites for rice and 10 for wheat which covered the important rice and wheat growing
areas in thé country. Themodellsthcnnsedtogmatcy:eidsunderchmatechanges
scenarios generated by different global circulation models. ‘

The normal chmﬂcoonemndmgtothepmod 1930-‘6015nsedasthebasechmate The

~ climate: change scenarios are gemerated using the results  from- the~equilibrium

experiments conducted at Goddard Institute of Space Studies (GISS) (Hansen et al.,
1988), Geofluid Dynamics Laboratory (GFDL) (Manabe and Wetherald, 1987), and
United Kingdom Meteorological Office (UKMO) (Wilson and Mitchell, 1987). The
predicted changes in climate from these scenarios are expected to manifest by year 2060.

" The output from these three scenarios varies substantially, with the UKMO scenario

projecting maximum temperature change and GFDL scenario  projecting minimum
change. The average temperature change across India projected by these scenarios ranges
from 2.3 to 4.8°C. All the scenarios project the temperature rise in the Northern India to
be higher than that in the Southern India. Though all the scenariés predict higher

precipitation during monsoon, the projections vary significantly across scenarios.

Their estimated impacts on wheat and rice yields are shown in Table 3.1 and Table 3.2.
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Table 3.1. Percentage change in vice yield at differeat sites under various climate

change scenarios
x| x|t X_Ji i x_Ii R__Ji L (1 L.
UK [432 501 |-385 | 468 |40.1 [481 463 243 |31 113 |49 282 |91 |53 [-322 |
391 _[485 |-263 [293 [-362 j435 333 130.1 [-334 |66 |31 j201 %6 F33 Fies
loF 26 {93 Je7 288 367 363 (217 133 |52 IS TaS i 60 [183 (23 Fias
Note: UK — UKMO; Gt - GISS; GF — GFDL, K — Raiafod; 1— Inigetcd.
Source: Kuawr snd Parikh (2001)
Table 3.2 Percentage change in wheat yleld at different sites wnder variouns clisante
change scenarios
Sce- Changs slons _ Climate changs with CO; fortiumtion oliecs
narie
Kakra How Hinar
It R_JT_[x i R R
UK__|-363 |-515 |-317 |-578 |-95 17 33 |-32¢ |78 ]-383 fns 38 [333 |
243 |-532 _|-770 |-53.3 |-195 _[433 1332 |90 |03 |-352 {23 |15 o 215 |
[F 1349 Jea0 |50 457 -2 |3 [ 337 [412 NS |93 (51 |-162 |78 [-149 113 e
Note: UK — UKMO; Gl GISS; GF — GFDL; R - Rsmdod; 1 - ierigated.

Sowrce: Kusuur snd Parikh (2001)

Figure 3.1 from Kumar K and Parikh (2001) shows the sensitivity of EPIC model ©
changes in climate.
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Figure 3.1; Sensitivity of EPIC crop model to changes in climate
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We can summarize their findings as shown in Table 3.3. These changes are large and can
have significant impact on human conditions.
Table 3.3: Range of Impact ou Wheat and Rice Yields over Scemaries for Scleeted

Cities -
Rice Yields Wheat Yickds
Imigated Rainfed Imigated Rainfed
23° 10 48° C increase in | -2010-50 | -16t0-43 |-3710-58 | -19 w0 44
| average temperature
Same as above with CO; | -5 to—34 12t0-24 | 85i0-38 | +6610 -2
fertilization

The national averages arc obtained by averaging with the proportions of irrigated and
fainfed areas. These are shown in Table 3.4.

Table 3.4: Change in Wheat and Rice Yields: Al India Averages
) Percent change in yield
Rice Wheat
Without CO, fertilization -32 10 -40 & -41 to -52
With CO, fertilization -13 t0-25 . -1510-33

4.3 Economic and Welfare Impacts: Valnerability

To assess the macroeconomic and welfare consequences of changes in yield levels
namely for production, relstive prices, incomes, consumption and welfare Jevels of
different groups of people, Kumar and Parikh use the general equilibsium model,
AGRIM, developed by Narsyana N.S.S., Parikb, K and Srinivasan TN. (1991).

AGRIM, has as many 2s 25 crops (16 major and 9 minor crops). Assuming climate
chmgemaﬂ'actonlyafewuupswﬁdmtbemﬁmomoﬂheﬁm
expected for rice, and similarly for the ones under the wheat group. The crops that do not
fall into cither of thesc groups are clubbed into two groups — others and small millet
grow.myielddmmﬁrthmtwowuemedw}n?Jndlszam

lower than the average yield change estimated for rice and whest”.

The average yield changes obtained through the EPIC model represent shifts in yield-
inpulmlaﬁonships,i.c,theydwwbybowmmhﬂwyieldmldbebwﬁxagim
level of inputs. The actual levels of inputs applicd will depend on relative prices. AGRIM

’huahmdmmmdywwhuﬂumnﬂmahﬁﬂ&dmﬁ-h
mﬁunmwmdmumhmmmmmm.
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determines cropping patterns and input levels endogenously and thus reflects some
adaptation by farmers.

Kumar and Parikh generate scenarios with AGRIM covering the period 1990-2060. The
climate change scenarios are compared with a base scenario. Table 3.5 compares some
major macro indicators for the termnal year viz. 2060. As the climate change induced
yield changes in crops are assumed to manifest fully over the long run, it would be
appropriate to study the impacts for the terminal year in the simulation period, viz., 2060.

Table 3.5: Percentage change over base scenario in various macro and
welfare indicators under various climate change scenarios

Base Climate change alonc Climate changc with CO, fertilization
scenario cffects
GFDL | Giss T UKMO GFDL | Giss [ UKMO
Macro and Wellare Indicators
GDPATO 437052 -25.85 -28.69 -32.9¢ -10.07 -i3.02 ~18.43
GDPNATO 2871753 1.83 1.52 1.D45 .05 £0.26 .66
GDP7) 3308805 -1.83 -2.46 -3.44 -1.37 -1.95 -3.00
INVEST 639264 3.91 322 2.15 6.37 .01 -0.68
PA/PNA 1.1012 107.80 111.73 118.22 2519 29.69 3823
UPOP 870037 2.46 2.30 2.05 0.87 0.85 0.79
PARITY 0.368 7.94. 7.30 630 1.88 1.30 i.61
CAL/CAP 2698.9 ~18.23. -19.55 -21.63 -5.38 -6.38 -8.29
AVREQY 893.08 -25.16 -27.28 -30.57 -5.02 -6.10 -B.13
Sectoral Production i
WHEAT 93852 -38.31 -43.65 -50.08 -13.98 -20.82 -31.74
RICE 135605 -30.53 “~33.56 -38.69 -12.13 -15.77 ~24.10
Non-AGRL 384130 1.72 1.45 0.96 -0.07 -0.30 -0.70
NA70: GDP-non-

Note: GGP?0: Gross domestic pmduct GDPA70: GDP-agriculture, GDP
agriculture, INVEST: investment, all in 1970-"71 prices, in 10° Rs.; PA/PNA: Ratic of agricultural
to non-agriculteral price deflator; UPOP: Urban population, in “000 persons; Parity: Rural-urban
income parity; CAL/CAP: Food tnergy calorie intake/capita, in Kcal/person-day; A.EQY: Average
equivalent income (income needed at 1970-71 prices 1o provide same utility as provided by current -
cmmmmucmwm).mnupes Wheat and. Rice: Wheat and Rice production,
respectively in 000 tons; Non-Agsi: Non-agriculture! production in million US § in 1970-771 prices.
‘The figuses comespond to the terminal period of the simutation.

Depending on thev climate change scenario under consideration expected decline in
agricultural GDP ranged from 26 to 33 per cent. The overall effect of climate change has
resulted in loss in GDP under all scenarios, with the decline ranging between 1.8 to 3.4
per cent. (The losses are greatest under UKMO scenario and least under GFDL scenario.)
The impacts on agricultural GDP are substantially reduced after considering the CO;
fertilization effects. Nonetheless they are sizeable. This gain in agricultural sectors under
the scenarios with CO; fertilization effects result in only a marginal loss in non-

agricultural sectors’ performance.

The agricultural production losses are compensated somewhat by higher agricultural
prices and the results show higher losses in urban income as against the rural income

under climate change scenarios.
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scenarios
Expendviore Chuss | Base Cliric chunge Slond Climate changs wilh (0, frtiimstion
{Rupess) Scemmio effocts
GFOL G&S_ UKMO___ 1 GFe.___ ] Giss UMD
Rorad
Lezs tham 216 [T 1] (X7} [X§5] 0.1 oun (XF 8138
Less tham 136 oon __ Jaie __ [euy (Y3 7] 100 arod (X3
Less than 516 6143 0.140 (Y9 143 014 0.14% i
Lass thaw 00 0261 0.241 0.9 a7 0257 0253 [¥:3]
More thas 900 0412 0336 0.326 4310 0382 03N 435
Urban
Less thwm 216 0.004 001} 0014 4013 8007 0.007 0808
Leas then 336 [T} 0058 0060 0.065 (I 9002 080
Less tm 516 0311 [X¥57] 0140 0146 ai2e 0.i17 0134
Less than 900 0304 0290 0291 0293 0.304 0.305 6307
Move than 900 0551 0503 0495 X3 (0526 0519 €508
Note: The expenditare classes sve defined in 1970-71 m‘l‘hﬁﬂuﬂwﬂbhm
peviod of the simmlation.

The population distribution by levels of total consumption expenditure are shown in
Tabie 3.6. The botiom two classes correspond to those below poverty line and the bottomn
most class shows-the abjectipoor. We sec that climate change increases the aamber of-
rural poor from.18.3 per cent to as much as 31.1 per cen. The abject poor increases by 10 .
percentage points in rural arcas. The number of urban poor increases from 3.4 per cent o
8 per cent and abject poor by 1.0 percentage point. Even with carbon fertilization cffect
the number of rural and urban poor increases by as much as 6 and 2 percentage point

respectively.

This means that climate change could increase the number of poor in India by more than
130 million persons in 2060. Indian agriculture and India’s food security are highly
vulnersble to climatc change.

Onc should cmphasize that Kumar and Parikh analyzis has not fully accountod for msamy
other threats to agricultwe from climate chuage. Thus the damage duc %o land Joss,
irrigation capacity loss and higher incidence of draughts and floods have not been

factored in.
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;t. Coastal impacts of climate change

Anand Patwardhaa
Indian Institute of Technology, Mumbai

4.1 Basic characteristics

The coastal zone is an important and critical region for India, which is endowed with a
coastline of over 7500 km. 3 of the 4 major Indian metropolitan arcas are located in the
coastal region (Mumbai, Kolkata and Chenmai). The total area occupied by coastal
districts is asound 457000 3q. kmn, with an average population density of 425 persons / sq.
km, which is almost twice the national average of 267. While the average decenmial
growth rate over the 1981 — 1991 period was similsr for the coastal zone as compared to
the country as a whole (26.4% vs 23.86%), this hides 2 significant asymmetry between
the East and West coasts. According to the data from the 1991 census, there are 21 cities
in the coastal zonc with a population in the range of 100,00 — 500,000, 7 in the range
from 500,000 — & million and two (Mumbai and Kolkata) with a population exceeding 10

The Indian cosstal zone exhibits a number of geomorphologic features, including
shorelines with coastal cliffs, dune and beach ecosystems, mangroves, coastal wetlands
and estnarics. Coasta! cliffs are prominent in many locations, for example, Chifka Lake in
Orissa, Tirachendur and Nagercoil in Tamil Nadu; ail on the East Coast, extensive parts
of the shoreline south of Trivandrum, and the Konkan coast in Maharashira; afl on the

West Coast.

hdnlmmﬁmdﬁbﬁhﬂnﬁmmofllﬂhumm).m
maximum area is in West Bengal (0.4 Mha) with Gujarat (0.37 Mha) closc behind.
Andhra Pradesh, with 0.15 Mha, has a network of 172 brackish water bodies in 9 coastal
districts. The brackish water arcas are important for 3 variety of economic activities
inchuding aquaculture, However, the penetration of aquaculture is still somewhat low, as
the total area under brackish water aquacoiture in the country is only around 68,000
hectarcs.

4.2 Key climate-related issnes in the coastal zeme

The coastal zone is one of the most climate-sensitive regions, as it is subjected 30 a range
of climate-related forcing drivers, including sea level change, local precipitation, ocean
currents as well as Jocal ecosystems. Future climate change is likely to be manifested
through the worsening of some of the existing coastal zone issues. Therefore, some of the
main issucs in the context of the Indian coastline are discussed below:
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Erosion: Gully erosion and the formation of badlands is developed to a high degree in the
coastal zone round the Gulf of Cambay in the valleys of Tapti, Narmada, Mahe and
Sabarmati, particularly north of the Narmada. Sheet wash of soil and sediments also
occurs to be a marked degree in the region of the Western Ghats. A good deal of these
sediments pass in to the sea and contribute to the building of the beaches and other shore
features in the region of their discharge. Coastal erosion problem are also severe along
the coastline of Central and North Kerala, and Southem Tamil Nadu. Erosion due to

cyclonic storms takes place all along the coast.

Flooding: Coastal flooding is a problem in all the coastal states that experience tropical
cyclone incidence — these include states on the East coast such as West Bengal, Orissa,
Andhra Pradesh and Tamil Nadu, as well as Gujarat on the West coast. River flooding
(i.e. temporary inundation of the coastal zone by river water) also occurs in coastal areas,
estuary formations, deltaic areas of major rivers. This particularly happens in case of
rivers Godavari, Krishna, Ganges, Mahanadi, Subemarekha, Cauvery, Tapi & Mahi.

Subsidence: Coasta! subsidence is a serious problem in the Ganges — Brahmaputra delta
in West Bengal, as well as regions in the Gujarat coast, such as Kathiawar and the Gulf of

Cambay.

Ecosystems: The Indian coastline is richly endowed with a range of coastal ecosystems,
including mangroves, salt marshes and other wetlands, lagoons, coral reefs, dunes and
sand / mud flats. For example, lagoon formations like Chilka (Orissa), Pulicat (Tamil
Nadu), Vembanad (Kerala), and near Tuticorin are well known. These are threatened by
various activities related to industrial production (effluents), new construction (dredging)
and sedimentation. Virtually all the rivers flowing into the Arabian Seaf-including the
Narmada, Mahi, Tapti, Sabarmati and others have extensive mud flats and salt marshes.
Extensive mangrove forests are found in the Sunderbans, as well as the Orissa coast,
North Andhra Pradesh coast, and Southern Gujarat. Many of these ecosystem regions are
under severe pressure as a result of rapid development of the coastal®zone. Climate

change is likely to Jead to further deterioration of the ecosystems.

Salinisation: Salinisation of agricultural land is commonly associated with tropical
cyclone occurrence on the East Coast. Districts that are particularly affected include:
Sundarbans, South 24 Parganas, Balasore, Puri, East & West Godavari, Krishna, Ongole
and Nellore. Many coasta) regions also suffer from longer-term saline intrusion into
coastal aquifers and groundwater, including the coastal districts of Nellore and Prakasam
in Andhra Pradesh, Northern Tamil Nadu and the Saurashira region of Gujarat.

4.3 Sea level rise
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SﬁIcvelﬁscalapaﬂiculuhcaimisﬂwmnhinaionofgbh!(amic)mlevd
rise and local trends. In many coastal regions where subsidence or wplift src important,
local factors can oflen dominate the global signal. Thercfore, while assessing the impacts
of sea level rise it is important to account for the long-term jocal sea level trends.
Traditionally, observations of local (or relative) sea level are made using tide gauges, snd
there are around 24 stations on the Indian coast for which relative sea level data from tide
gauges are available. Studies of historical ratcs of relative sea-level rise in the South Asia
SmregimrepMedbyGobkmdAuhey(lM).iudimemwumIrdﬂive
sea-level nse of 0.67 mm/yr. In addition, during the past half-century or so, relative sea-
levclchangesinlheregionhavenngedﬁunafall(i.e..hﬂmm)ofl,nm
to arise (i.c., land submergence) of 2.27 mm/yr. Relative sea level trends as infared from
these tide gauges on the Indian East coast are summarized in Figure 1. These trends
indica!carelativcscaicvdsisc!lmghonﬂmodcf!hemaﬂ,cxeepﬁnginthem

A varicty of impacts are expected as a result of sea Jevel rise. These include:
» Land loss and population displacement
¢ Increased flooding of low-lying coastal areas
* Agricultural impacts (e.g., loss of yield and employment) resulting from
inundation, salinization, and land loss
e Impacts on coastal aquaculture



» Impacts on coastal tourism, particufarly the erosion of sandy beaches.

The first of these impacts is considered the most serious for a number of regions in South
Asia by Nicholls et al (1995). They estimate that a 1-meter nise in sea level could lead to
a land loss of 6000 sq. km and displace over 7 million people in India. There have been a
few other studies that have explored sea level rise impacts for India. One of the first
studies was done by the Jawaharlal Nehru University (JNU, 1993), in which the
consequences of a 1-meter sea level rise scenario were evaluated. The study concluded
that, in the absence of protection, approximately seven million people would be
displaced, and 5764 km’ of land and 4200 km of roads would be lost. The dominant cost
estimated was that due to the loss of land. Table 1 summarizes the results of the study. A
subsequent study by the Tata Energy Research Institute (TERI, 1996) explored the
relative vulnerabilities of different coastal regions, the effect of adaptive responses on the
sea level rise impacts and the value of coastal protection for selected regions.

Table 1 Effect of 1-m sea-level rise (source: INU, 1993)

Coastal area (million hectares) i "°""|":“c;’:r§;“)““°“

[terisory | Tota!tmundatedpercentage) Total jafected|percentage
el 27.504) 0055 019 6636 0.617) 0.93
Goa | 037] 0016]  4.34] 1.17fj 0.085 .25
Gujarat | 19.602]  0.181]  0.92] 41.17] 0.441 1.07
Kamataka | 19.179]  0.029]  0.15] 44.81] 0.25 0.56/
Kerala | 3886/ . 0012 03] 29.08] 0.454 1.56
Maharashtra | 30.771| _ 0.041} ~ 0.13] 78.75 1.376] 175
Orssa | 15.571f  0048]  031] 3151 0S55] = 176
Tomil Nadu | 13.006( _ 0.067]  0.52 55.64f 1621) 291
WestBengal | 8.875] 0122  138] 67.98] 16] 235
Union territory e e
Andaman ( | i ;

and Nicobar 0.825 0.006 0.72; 0 0 0
Islands . . R

[India [139.504|  0.571] 0.41/416.74] 272.a] 1.68
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Figure 2: East coast storm incidence {1891-1990)
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cyclone impacts. Figure 2 plots the incidesice of depressions, cyclonic storms and severe
cyclonic storms for the East coast. While there are no long tenn trends, there is
significant variability on interannual and interdecadal time scales. In addition to temporal
trends, spatial pattems of incidence are also importart. While depressions are often
concentrated around the West Bengal coastline, cyclonic storms and severe cyclomic
storms are distributed more cvenly throughout the East coast. However, it is important to
note that the spatial distribution is not stationary — there are shifts in the spatial
distribution on decadal time scales This is quite significant in terms of coastal
development — a region that has experienced a moderate storm climate in the past could
upmmammmmﬂmchmﬂcmﬂnmmdﬂmemheahckoﬁdqw:
planning for this purpose. Similarly, while there is no significant refationship between the
number of events and phenomenon such as ENSO, the spatial patterns of incidence

appear 1o depend on the phase of the El Nino oscillation.
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Assessment of vulnerability to cyclone hazard requires an evaluation not only of the
hazard, but also the exposure to the hazard, coastal geomorphology and complementary
factors such as sea level rise and the extent of adaptive capacity and adaptation potential
in the region. A detailed examination of the vulnerability process is likely to yield a

number of insights with regard to the impacts of future climate change.

Data for tropical cyclone impacts are quite scanty and scattered. Annual summaries are
available in Mausam, however, there is considerable vanation in terms of classifying and
systematically reporting damage data. Mortality is one of the variables that is commonly
report, and Figure 3 plots the variation in mortality for the last three decades. A slight
increase in mortality may be seen. The actual consequences of cyclones are critically
dependent on the exposure and on the overall adaptive capacity for the region. Figure 4
plots the mortality with storms affecting Andhra Pradesh, to give an indication of the
possible advantages of building adaptive capacity and improving the overall
deveiopmental bascline of the region.
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Current atmosphere-ocean general circulation model (AOGCM) simulations have limited
ability to suggest likely changes in tropical cyclone activity; until high-resolution GCM
simulations are available, it is not possible to say whether the frequency, arca of
occurrence, time of occurrence, mean intensity, or maximum intensity of tropical
cyclones will change in Tropical Asia. However, more recent studies with models of
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higher resolution appear 1o be ablc to simulate tropical cyclone climatology (Bengtsson ct
al,, 1995). Bengtsson ef al. (1995) found a decrease in the number of tropical cyclones
under enhanced greenhouse scenarios, especially in the Southern Hemisphere, although
their geographical distribution remained unchanged.

A study by Holland (1997) indicated that tropical cyclones are unlikely to be more
.intense than the worst storms experienced under present-day climate conditions—
although some potential exists for changes in cyclonc intensity in tropical oceanic
regions, where sea-surface temperature (SST) is betwen 26°C and 29°C. According to
Henderson-Sellars and Zhang (1997), recent studics indicate that the maximum potential
intensities of cyclones will remain the same or undergo 2 modest increase of up 10 10-
20%; they add that these predicted changes are small compared with observed natural
vmanonsandfallmﬂnnﬂlemawymgeammmuat(lmxn
their ECHAm® -T106 experiment, found no significant change in the number and intensity
of monsoon depressions in the Indian Occan in a2 warmer climate. Similarly, likely
changes in the ENSO phenomenon under enhanced greenhouse conditions and their
possible impact on the interannus! variability of the summer monsoon are not known.
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5. Water Resources of India

. Kalipada Chatterjee
Climate Change Centre
Development Alternatives, New Delhi

5.1 India’s Vulnerability to Global Warming

The vulnerability of the Indian sub-continent to the impact of climate change is most
relevant in the tropics, for the majority of people in India and its neighbouring countries
depend on agriculture for their livelihoods and the agricultural production depends a great
deal on the Asian Summer monsoon and its variability on a variety of time scales.

A study of the rainfall data from 25 meteorological sub-divisions of India for 81 years
(1875-1955) did not reveal any major changes in rainfall, except the bulk of the rainfall
over India shows a pattern similar to that of the annual rainfall. However analysis of
revealed an increase in the mean annual surface temperature over India. The relative
dominance of the increased concentrations of greenhouse gas, as a result emissions of
ghgs from fossil fuel burning, deforestation and land use change in India, as in the rest of
the world, may have contributed to the observed temperature trend. Based on
atmospheric General Circulation Model projection, the best estimate of surface warming
for the IPCC’s B-a-U scenario is warming of 1 to 2°C over the Southemn Asian Region by
the year 2030. The precipitation changes over South Asia are likely to increase
throughout the region by 5 to 10% in Summer, while marginal changes are expected
during winter. The projected largest warming of > 3.5°C occurs over the north west
particularly over Rajasthan and adjoining areas. Relatively uniform warming of
approximately 2.5°C occurs over both the Arabian Sea and the Bay of Bengal. The most
pronounced greenhouse gas induced warming over the land mass of the Indian sub-
continent is expected to be during the pre-monsoon season. The simulated changes in
armual as well as seasonal surface temperature over the entire study area are found to be
statistically significant at 95% confidence level."

Vulnerability of Indian Coasts to Sea Level Rise (SLR) due to Greenhouse Gas
induced Global Warming '

* Actual And Anticipated Changes In India’s Climate : M Lal Er Al In The Book Global Worming Ed. M. Lal, P117, Tata
Megraw Hill, 1993,
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coastal economy and demolish coastal eco syslems but also make the entire area
vulnerable to water resources particularly for drinking and agricultural purposes.
Adaptation to sea level rise by constructing dykes to prevent sea o inundate coastal areas
is beyond the means of the poor communities. In the Indian situation, the communities
are to be provided with facilities for increasing their resilience to cope with such disasters
: Some of the ways to increase coping capacity of the community through sustainable
livelihood practices such as “Grameen Banks” and “Entrepreneurship” that increase
community resilience to adverse impacts like floods, droughts, cyclones and other natural

calamities.

Water is essential for human civilisation, living organisms, and natural habitat. It is used
for drinking, cleaning, agriculture, transportation, industry, recreation, and animal
husbandry, producing electricity for domestic, industrial and commercial use. Due to its
multiple benefits and the problems created by its excesses, shortages and quality
deterioration, water as a resource requires special attention. Table 5.2 gives land & water
resources of India. On a giobal scale, total quantity of water available is about 1600
million cubic km. The hydrologic cycle moves enormous quantity of water around the
globe. However, much of the world’s water has little potential for human use because
- 97 5% of all water on earth is saline water. Out of the remaining 2.5% freshwater, most
of which lies deep and frozen jn Antarctica and Greenland, only about 0.26% fish in
rivers, lakes and in the soils and shallow aquifiers which are readily usable for mankind.

TABLE — 5.2 : LAND AND WATER RESOURCES OF INI HAY

PARTICULARS QUANTITY
-{ Geographical Area 329 million ha.
Flood Prone Area 49 million ha.
Ultimate Irrigation Potential 140 million ha.
Total Cultivable Land Area 184 million ha.
Net Irrigated Area 58 million ha.
1869 Cubic km.

Natural Runoff (Surface Water and Ground Water)

Estimated Utilisable Surface Water Potential 690 Cubic km.
Groundwater Resource 432 Cubic km.
Available Groundwaier resource for Irrigation - 361 Cubic km.
Net Utilisable Groundwater esource for irrigation 32% Cubic km.

Source: National Institute of Hydrology

" Water Resource India, National Institute of Hydrology. Website : www.nih.erner.in
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5.2 Water Resources’’
Sarface Water

India’s average annual surface nn-off generated by rainfall and snowmelt is cstimated to
be about 1869 billion cubic meter (BCM). However, it is estimated that only about 690
BCM or 37 per cent of the surface water resources can actually be mobifised. This is
because (i) over 90 per cent of the annual flow of the Himalayas rivers occur over a four
month period and (ii) potential to capture such resources is complicated by limited
suitable storage reservoir sites.

Rainfall

The average annual rainfall in India is about 1170 mm. This is considersble variation in
rain both temporarily and spatially. Most rain falls in the monsoon scason (June-
September), necessitating the creation of large storages for maximum wtilisation of the -
surface run-off. Within any given year, it is possible to have both situations of drought
and of floods in the same region. Regional varieties are also extreme, ranging from a low
value of 100 mm in Western Rajasthan to over 11,000 mmn in Meghalaya in North-
Eastern India. Possible changes in mainfall patterns in the coming decade, global
warming and climate change and other predicted or observed long-term trends on water
availability could affect India’s water resources.

Ground Water

India’s rechargeable annual groundwater potential has been assessed at around 431 BCM
in aggregate terms.  On an all India basis it is cstimated that about 30 per cent of the

! groundwater potential has been tapped for imrigation and domestic use. The regional
situation is very much different and large parts of India have already exploited abmost ali

of their dynamic recharge. Haryana and Punjab have cxploited about 94 per cent of their
Gujarat, moost of westem Uttar Pradesh and im all of the Deccan states.

Occurrence of water availability at about 1000 cubic meters per capita per annum is 2
commonly threshold for water indicating scarcity (UNDP). Investment to caplure
additional surface nn-off will become increasingly more difficult snd expensive in the
future. Over time, both for surface and groundwater resources, a situation where
existed, has transformed in little more than a generation to a sifuation of water scarcity
and limited development options.

" Initiating and Sustaining Water Sector Reforms : A Synthesis World Bank in collaboration with the Goverwment of
India, Ministry of Water Resowree.
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India faces an increasingly urgent situation : its finite and fragile water resources are
stressed and depleting while various sectoral demands are growing rapidly. Historically

relatively plentiful water resources have been primarily for irrigated agriculture, but with
the growth of Indian economy and industrial activities water demands share of water is
changing rapidly. In addition increase in population and rapid urbanisation also put an
additional demand on water resources. Summing up the various sectoral projection
reveals a total annual demand for water increasing from 552 billion cubic meter (BCM)

in 1997 to 1050 BCM by 2025 (Fig 5.1).
Under current sectoral trends, precious little water will remain for environmental and

other needs. This is untenable

At Independence population was less than 400 million and per capita water availability
over 5000 cubic meter per year {m*/yr). With the population crossed 1 billion mark,

water availability has fallen to about ZOOOmJIyr per capita. By the year 2025 per capita
availability is pro;ected at only 1500 m*/yr or 30% of avallabillty levels at Independence.
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Figure 5.2 : Population and Water Availability Treads in India

Sources : Population Action International, 1995; World Bank, 1997a.
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The water availability index includes surface water only, yet groundwater is an important
component of water availability that factors significantly in the Indian economy. Ground
water is an important source of drinking water and food security for India, supplying
about 80 per cent of water for domestic use in rural areas and about 50 per cent of water
for urban and industrial uses. Ground water provides a very significant percentage of
water supply for irrigation, and contributed significantly to India’s -agricultural and
overall economic development. With more than 17 million energised wells nationwide,
groundwater now supplies more than 50 per cent of irrigated area.

5.3 Populations Food Grain Requirement

In India the food grain availability is at present around 525 gms per capita per day
whereas the correspoading fignres in China & USA are 980 gms and 2850 gms
respectively. - If small raise is made in per capita consumption to 650 gms the food grain
requirement will be about 390 MT of food grain. Taking the projections of about 1800
miltion by 2050 AD as reasonable, it would require about 430 MT of food grain annually
at the present level of consumption. This will mean a much greater use of available
_ inputs. First input is water, the second input would be fertilizers and third input would be

much: larger emphasis of research. This would also need increasing area under irrigation
-+ from present 28% to roughly 40% by the year 2050 and adopting drip and sprinkier

irrigation in India.

The total geographical area of land in India is 329 mha which is 2.45% of the global land
area. The total arable land is 165.3 mha which is about 50.2% of tatal georgraphical area
_ against the corresponding global figure of 10.2%. India possesses 4% of the total average

run off in the rivers of the world. The per capita water availability of natural nm off is at

least 1100 cu.m per year.

Water availability of both surface and groundwater is further reduced idye to water
pollution and in appropriate waste disposal practices. There are now few states or river
basins in India where water quality issues are not present. Environmental problems
" include water quality degradation from agro-chemicals, industrial and domestic poltution,
groundwater depletion, water-logging, soil salinization, siltation, = degradation of
wetlands, ecosystem impacts and various health related problems. Though India is facing
various serious water constraints to-day, India is not on the whole a water scarce country.
The present per capita availability of water in India of approximately 2200 m’ per annum,
actually compares quite favourably with a number of other countries.
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5.4 Policies
1%

Current water resource constraints in India, in teymns of both quality and quantity, can be
expected to manifest themselves even more rapidly in the coming years. In the past, with
lower population and development levels, there was still substantial room for each sector
1o satisfy its water needs and concemns independently. Now as the gap between the
availability of water resources and the demands on such resources nmrows, the past
approach to water management pursued in India is no Jonger tenable. Competition for
water between wrban and agricultural sectors will be a major challenge in the forthcoming
cenfury. Provision for environmental and ecological concems will have to be made.

Water should be treated as both a Social sad Econcwic Ground

Water management in India in futere must shifi its emphasis from social good as a
prescat to cconomic good, and use of market mechanisms with the participation of the
business sector. Such a change will achieve a2 more cfficient and effective allocation, use
and management of water, and their roles of both public and private sectors in managing

water resources must be defined.
Decentralisatien of operation will be critical

Achieving sustainable use and management of water in India will further require a shift
from the traditional top down ceniralised approach towards a more decentralised

approach. While government has an important role to play, it is only onc among many
stakeholders involved. These stakeholders include Government of India, State
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Govemnment, every housechold in India as a consumer of water, business sector,
industries, larger community aggregates such as water uses association, villages.

Policy, Legrslative and Regulatory Framework

The Central Government plays an important role in framing pohcy gmdeimes, legisiative

and regulatory framework. The most comprehensive Government of India (Gol)
statement on water is the National Water Policy (NWP) adopted by the National Water
Resources Council in 1987, which calls for a holistic, and integrated basin-oriented
approach to water deveIOpmem promoting combined use of both the surface and
groundwater, water conserving crop pattems as well as frrigation and production
technologies. The National Water Policy in its present form appears to be a statement of
intentions as it is not supported by any legislation and does not have an action. The NWP

is undergoing revision.
Water Sharing Issues

The existing Constitutional provisions and legislation in India do not provide an
appropriate framework to deal with water sharing issues between states, sectors and

individuals. In‘the present set up (i) primary powers are vested at state levels which do
not correspond to river basin boundaries; (ji) surface water rights are not clearly defined
and such rights cannot be commercially transferred; (iii) ground water rights are purely
private, and; (iv) environmental laws have not been comprehensively operationalised and

regularly standards are either not enforced or do not exist.

The legal and absolute right to groundwater rests with the owner of the overlying land,
irrespective of the social and environmental consequences.

Institutional Arrangements and Mechanisms

The present institutional arrangements in India, including central, state and local
institutions, and both formal and informal structures, do not enable comprehensive water
allocation, planning and management. The main problems that exist are : (i)
inadequacies in necessary institutions for comprehensive water aliocation, planning and
management, particularly at state and basin levels where they are frequently absent; (ii)
lack of co-ordination between institutions, duplication of responsibility and
accountability gaps; (iii) inadequate fostering of grass-roots institution; and (iv) lack of
involvement of civil society - local communities, NGOs, the business sector and

academia.

Mechanism for conflict resolutions in matters of sharing of water resources and
utilisation is weak and needs to be looked into and strengthened at various levels.
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In the maiters of walcr resources management the civil society has a very crucial roke 1o
play but unfortunatcly their contribution, and the contribution of the business sector has

been greatly neglecied. A substantial reason for their limited involvement to date is the
limited efforts of government to inform the public on issues pertaining to water resources.
In particular, outreach to women has been neglected, yet women are the most interested
and involved in rural water supply, domestic urban water consumption, health and
sanitation issues and are at least equally concerned as men in agricultural production.

Water Sector Investment

Being a vital resource for the lives and livelihoods of all Indian citizens, and having
contributed significantly to India’s economic growth since independence, water sector
investments have rightly been accorded high priority in India’s development plans.

With a massive resource commitment for arrigation since independence of Rs. 576 billion
the gross imrigated area increased four-fold from 23 million hectares in 1951 to about 90
million ha in 1997, substantially increasing and stabilising the incomes of miltions of
farmers throughout the country. Significant achicvernents in drinking water coverage
have also been realised. About 85 per cent ofindia’s urban populstion have access to
- public water supplics and over 75 pex cent of the.rural population are now provided with
public water supply. It may be mentioned here that more than 1000 million of people in

India, about 70% Jive in the rural areas.

In all the sectors however there is a considerable scope for conserving water resources.
Such conservation can be a reality if the subsidies in water pricing is gradually removed,
particularly in the agricultural sector.

Reforms in the Water Sector

Various reforms in the management of water resources are necessary but by its natare
water is multidimensional - it involves users from different sectors with widely different
needs. India’s task is made all the more difficult by its cnormous population and its
federal administrative structure.

The role of government needs 10 be more of a facilitation from a provider and financier of
services, and an enabling environment 10 be put in place for the different stakeholders to
play their role, with necessary incentive framework.

As the reform programme is implemented a long-term vision needs to be conceived
through a public debate and participatory process.

Refereaces
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. Website: www.nih.ernet.in; National Institute of Hydrology

. Initiating. and Sustaining Water Sector Reform: A Synthesis; World Bank in
Collaboration with the Govt. of India, Ministry of Water Resources. Allied

Publishers, 1999.
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6. Community Level Case Studies on Vulnerability
and Adaptation to Global Warming

6.1 Community level case studies on Water Harvesting to cope with extreme climate
eveats like drought in varions drought prone areas in India

lnhﬂ:awmmumlylevdwalerhmeﬂmgeffaﬁsmregmswhunbkb&wdﬂsl
severe droughts due to lack of adequate rainfall and infrastructure for storage of rainwater
during the rainy scason has made the water harvesting process a very powerful
technology for an effective adaptation at the community level 10 cope with such natural
disaster which may be exacerbaled due t0 human induced climate change. Though
adequacy of rainfall is a very important factor to consider in discussing impacts of
droughts, but it is important to remember that it does not matter how much rain a place
gets, if there is no infrastructure to capture rain water, the place will still to short of water.
It is unbelievable that Cherrapunji which gets 11,000 mm annual rainfalls still have.
serious drinking water shortages. The CSE Report titled “Making Water Everybody’s

- Business” assert that every village in India that can meet the basic drinking and cooking

nceds through community level activities imcloding rain water harvesting The
community-based case studies that have been reported in this chapter are primarily based
on material taken from the published literature (Making Water Everybody's Business -

edited by Anil Agarwal ctal) and media reports.
6.2 Commugity Level Case Studies : Westers Coastal Phiins

Out of the tofal of about 18,500 villages in Gujarat, at lcest 12,000 - 18,000 villages can

‘ be categorised as “no source’ villages. “No source’ villages ate those who do not have

dependable source of drinking water. A pumber of problems like salinity, sea water
incursion, high fluoride content and depletion of ground water sources lead to severe
drinking water shortage. The State Government responsc has been to introduce usual
solutions such as utilising groundwater sources, constructing large irrigation dams, and
introducing piped water supply and tanker services during the dry season when water
availability is under stress. These solutions however did not take into account specific
problems of individual muﬂmnﬁ&aeﬁevayml

Large arcas along the coastal parts of Dhandhuka block (in Ahmedabad district) used
to be thickly covered with mangroves and piloe trees till sbout 30 - 40 years ago. But
with increasing water scarcity and environmental degradation local people have been
forced to migrate. Introduction of piped water supply raised hopes about quality water
becoming easily available and in sufficient quantity. But both the quality and the
quantity of water fell short of the expectations of the commumity.
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Local communities took initiatives to find betier solution to the chronic drinking water
shortages. Local communities in villages Rajpur, Mingalpur, Mahadevpura and Khun
villages of Dhandhulka block were quite divided among men and women on the foremost
reason for migration of people from the area - men cited the ‘unproductive saline
wasteland’ as the main reasons, on the other hand women insisted that the severe
drinking water problem as the foremost reason for all difficulties in the area. The local
communities were of the view that the water resources must be augmented at common
property by desilting existing ponds and building new ones for dnnking purposes to
benefit the whole village. Villagers suggested the use of some sort of lining material on
the bed and inner walls of new ponds to prevent salinity seepage from below and of the

harvested rainwater in the pond.

Villagers contributed both in terms of Iabour and other resources. Success of the project
inspired villagers to putforth new proposals to Gujarat Water Supply and Sewerage Board
(GWSSB) for obtaining support for such ponds, sowing the seeds of a long-battle. The
demonstration of lined ponds in these villages has resulted in the setting up of a Samiti, a

people’s organisation comprising villagers from various village organisations who help in

promoting such ponds. Some 50 percent of the 94 members were women.
6.2 Community Level Case Study : In Alwar district of Rajasthan

Commuriities from 650 villages took the initiatives to rejuvenate about 3000 traditional
water harvesting structures (TWHS) called ‘Johads’. Johads are smail earthen check
dams that capture and conserve rainwater, improving percolation and groundwater

recharge. The results have been spectacular - rising groundwater level by six meters and
increasing forest cover by 33 percent. The most spectacular effect has been on the five
rivers that used to o dry immediately following the monsoon - have now become

perennial. 0

¥ “For every Rs. 100 invested in Johads, the agricultural pmduéhon has risen by Rs. 400 per
capita per annum, 1ﬂcome of the rural population has increased annual migration of the
male population to cities in search of livelihood practically stopped and the people are in
a position to address issues like health and education. At the core of this success lies the
. emergence and proper functioning of popular and local institutions like the gram sabha at

village levels.

This is another example how a community level effort can tackle problem like water
scarcity / drought and ecological degradation, to bring back water in their rivers, forests
cover that had completely disappeared.

These cominunity level activities was inspired by an Alwar based organisation called
Tarun Bharat Sangh (TBS}).
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In rejuvenating about 8000 traditional water harvesting structures no qualified engincers
were involved.

All the construction work-right from planning, site selection, design and execution of
about 3000 Johads was undertaken by the villagers themselves, and most assuring fact is
that all the structures are working fine, and none collapsed.

6.3 Community Level Case Study : In the Central Highlands of Bundelkhand
Region

Bundcikhand region comprising seven districts of Lalitpur, Jhansi, Jalam, Hamirpur,
Mahoba, Banda, Shahiinagar in Uttar Pradesh and six districts of Datiya, Tikamgarh,
Chattarpur, Panna, Sagar and Damoh in Madhya Pradesh  Poverty, illiteracy,
unproductive agriculturc and an acute lack of infrastructure arc the main issues that the
dcvelopmempmceaﬁsmlhereglonmusla&kusmapnmtyhms. Environment
degradation is increasing with soil erosion and widespread deforestation.

msmmmmawmfallofodyﬁﬂmmﬂy Traditionally,
groundwater resources in Bundelkhand arc meager due 1o the presence of hardrocks like
gnesis and granite. Availability of water in the Bundelkhand region varics from scason to

season. In this region agriculture is highly dependent on rainfall and only 20% of the
total area under agricultural activity is irigated.

Against this backdrop, Development Alternatives (DA) with the active participation of
the local communitics, and in close consultation with the district administration of
Tikamgarh has surveyed villages of Niwari Block which were facing acute drinking
water problems. Five villages were sclected for interventions. The main objectives of

the intervention were'> ' :

¢ to provide adequate quantity of drinking water for these villages

e to increase availability of ground and surface irrigation in the area by constructing
innovative water harvesting structures by constructing Check Dams

7 Woter Management Proctices for Bundellbond : Water for bife : Air Viee Marshal . Sehni (Resd J, DA NL March
1997,
M Check Dam - A Tool for Sustainable Development : Sanjay Vashist, DA N.L. April 2001.
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[Check Dams. There arc small barriers built across the direction of water flow on
shallow rivers and streams for the purpose of water harvesting. The small dams retain

excess water flow during monsoon rains).

upgradation of wells and handpumps to minimise / eliminate stagnant water in close

proximity of wells and hand pumps
» to increase drninking water availability in these villages

With these objective two check dams were constructed across the Gurari river in the area.
These water harvesting structures created opportunities for the community to raise their
income by increased agricultural outputs, and the awareness of the community on the
benefits of safe drinking water and sanitation around the wells and handpumps.

The project resulted in improving the quality of life of the villagers by providing them
with the scarce resource - water. The check dams on the Gurari river have resulted in
recharging the groundwater supply within a radius of 2-3 km around the structures with
the result that farmers can now take up at least two crops a year from only one crop
carlier. The water reservoir also made available adequate water for lift irrigation to cater

for 300-400 bha of crop land.

i

6.4 Commnnity Level Case Studiy in Decan Platean : Anantapur District, Rayala
Seema Region, Andhra Pradesh'®

0

Out of the eight districts declared as drought - prone in Andhra Pradesh, the four districts
of Kumnool, Ananthapur, Cuddapah an Chittor with a population 110 lakh, comprise the
Rayalseema region. Located in the rain shadowzone, Rayalseema has been facing
droughts almost every altemnate year for nearly a century. About S0 per cent of the
average rainfall 550 mm are receivéd over only 5-7 days and the number of rainy days
with 25mm and above are less than 10. Nearly 75 per cent of the population is engaged
in agriculturé despite inadequacy of rainfall coupled with infertile land and poor moisture
retention capacity of the soil. The only rivers are Pennar, originating in the Nandi Hills
of Kamnataka, and Chitravathi. The rainfall in the district is meagre, untimely and ematic

and the entire area is drought prone.

~ To deal with the situation, local communities in the district had devised traditional water
harvesting systems to meet drinking water needs, and to a certain extent irigation needs.
These include water harvesting systems in the district community tanks (1091), spring
channels (1221), river channels (243} and wells (58,483) in the district as collective
property. This community activities have greatly improved the water availability in the
region and improved their economic level.

" In Harmony with Nature : Koda Ramakrishna Reddy, Srikrishnadeva Ray University, Ananthapur in “Making Water
Everybody’s Business ™, Eds : Anil Agarwal, Sunita Narain and Indira Khurana, March 2001,
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6.5 Community Level Case Study in the Eastern Ghat Region : Ssora HBls of Orissa

Saoras one of the oldest tribes in India, harvest ainwater to tum stream beds into paddy
ficlds and thus an inhospitable environment into a habitabic one. The Saoras who live in
the Saora hills of Orissa practice terraced paddy cultivation. Conservation of rainwater
and improvement of water regime in hill slopes are the main objectives of terracing.
Using stone-packed contour bunding, saoras layout small terraced fields on the hilly
slopes and grows paddy. By means of water channels they reguiate water flow from
natural hill streams and irrigate the temmaced fields. As flow imrigation is not possible in
an undulating topography, the runoff water is stopped at different levels and allowed to
soak decp into the soil. This results in availability of adequate moisture at root levels,
which helps inbeuercmppmduction.

6.6 Community Level Case Studies in the Central Highlands : Jhabua District,
Madhya Pradesh v

Jhabua is an upland region of western Madhya Pradesh. Once a heavily forested arca,
Jhabua lost its natural wealth over the last 45-50 years. Almost 80 percent of its forest is
severely degraded. The reasons are all man made - unanthorised clearing of forests by
contractors for agricultural activities and population pressure.  As the uplands were used
for cultivation without terracing, the humus and fertile layer of soil was lost and soil
crosion acceicrated. Free grazing further accelerated the vegetative cover. The district
was dotied with rock exposed hillocks. The intensive cultivation on uplands fod t0 an
ecological disaster, resulting in loss of land productivity, decline in employment
opportunities and distress out migration of people.

The situsation changed in the mid - 1990s, when the Madhya Pradesh government
launched the Rajiv Gandbi water shed Development project (RGMWD) im October 1994,
A deccatralised and time bound missiog, it started with the objective of improving 1.2
million hectares (mha) of land and several watersheds by the year 2000. It envissged
greening more than 2.9 mha - approximately one percent of the country’s total Land area -
q:mgﬁ@lwﬂagesﬂuwghm4m '

The Madhya Pradesh govenment is now looking & mid-course strategy shit The
strategy is to build a community based water secarity system that would be controlied
and monitored by the village level Paani Roko Samities. Under the system it is envisaged
10 create 8-10 lakh water harvesting structures and at least 25,000 water tanks in the
villages. In the Kallipara Panchayat of Jhabua block the village conununity through its
initiative constructed 613 check dams. They have aiso compieted the task of recharging a
large number of handpumps by constructing the recharging pits. The villages in most of
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the v1llages are now very happy that hand-pumps installed in their villages aﬁer March
2001 are in working condition. In most of the villages water table has gone up.'®

Combining the principles of Joint Forest Management (JFM) and watershed treatment
was a new approach that was adopted in Jhabua and helped in the formation of 20 village
forest committees, the executive body used JFM that protects forests with the help of the
forest department. Of Jhabua’s total forest area, 60 percent (100,950 ha) is now under
JFM and the 344 village committees cover 420 villages.

Management of watershed development finances in Jhabua District

The total government expenditure till min 1998 for watershed development was 16.48
crore. Of the Rs. 16.48 crore, Rs. 4.53 crore (about 30 percent) was spent by the project
implementation agencies, out of which a substantial amount was spent (about 60 percent)
to build up the credibility particularly of the commmmity organisation, for their training
and capacity building to build institutions and social mobilisation at the village level.

A saving scheme programme encourages villagers to save a part of their wages as a
- Watershed Development Fund (WDF), for future use for the managemént of the
watershed. This is a mandatory fund developed through contribution from all the users
groups who are land owning people. Self-help groups (groups of landless people) do not
normally contribute to this fund. The fund is entirely controlled by the community, and
neither the panchayat not the officials of the rural development have any control over it.
Savings are also encouraged through a village fund for use by the villages for collective
" activities of the communities and a women’s thrifts and credit fund which women can use
to help each other with soft loans. The watershed management programme, thus not only
helped in improving the local ecology, but also in an improvement of the collective and

individual financial security of the local communities and improved their copmg capacity .

with drought and other naturai calamities.

6.7 Commaunity Level Case Study in Western Coastal Plains : Saurastra

Gujarat faces severe water shortage every year. The potential for surface irrigation being
particularly low in the Saurastra region of Gujarat, harvesting rainwater through recharge
wells is providing welcome relief. Over the years, ground water has been excessively
- extracted leading to large scale salinisation of coastline due to the incursion of sea water.
Drop in groundwater in North Gujarat is also increasing fluoride concentrations, a serious
health hazard.. About 78 percent of the total irrigated area in Gujarat is served by wells
alone which has caused severe groundwater depletion. In view of this harvesting of

rainwater becomes a necessity.

“ M.P. Focus on Waier Conservation : Lalit Shasiri, The Hindu, June 19, 2001
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The farmers in the region felt the need for more chock dams to store river water during
rainfall, and the existing but unused / failod wells may be utilised for staring raiwwater.
Further the farmers suggested that village lovel committees be formed o develop
programmes for recharging both private and public wells and handpumps snd construct
check dams and percolation wells on river beds. An effective information centre o0 assist
farmers in water harvesting and management techniques in co-odination with government

The case study made it clear that well recharging activity is becoming popular in
Saurastra, per capita snd houschold water consumption are increasing with better
availability of water resources.

Farmers are already optimising yields by using stored water during poor monsoon or
failure of monsoon. This has increased their per capita income as evinced by increased
use of fertilisers and pesticides.

T

u

W
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6.8 conclusion

a)

b)

d)

The present study and analysis have clearly brought out that developing countries
like India are most vulnerable to the impacts of climate change due to resource
constraints, fack of capacity and adequate funds. This vulnerablhty is further

exacerbated due to large-scale poverty in these countries.

The case studies bring out the efficacy of community level responses to address to
acute water scarcity. The community level responses can be channelised and
further strengthened, by creating an enabling environment in the country / society
by developing sustainable livelihood practices and entrepreneurships among the
people and society. Such practices will not only increase the capacity of
community to cope up and increase their resilience to such natural calamities like
droughts, floods, cyclones etc., but will check migration of people to other states /

regions.

. The traditional community level practices to cope with situation like droughts in

water scarcity / drought prone areas / region can be integrated into Government
Policies and Responses to cope with such calamities and for adaptation to

hydrological resources.in India.

Such commumity level efforts must be encouraged by governments to start
activities like Grameen Bank / Co-operative Banks on a co-operative basis by all
the stakeholder. Such a mechanisms can provide small loans to the affected
communities to enable them to cope with the adverse situations, Such a
mechanism will also help in community based adaptations to water resources.in
water scarcity areas. The Co-operative Banks initiated from small contributions
from communities increases the community resnhence to face such climatic

vagaries and extreme weather events.

Technological responses to adapt’td climate change is most suitable for rich
countries. Such adaptations in developing countries however may face
technology, transfer barricr, financial barrier, and capacity building barrier.
Solutions to such barriers must be put in place in developing countries before
adopting technological options to adapt to climate change. Such solutions must
be found from a participatory process among the communities and not

transplanted from other countries / regions.
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7. Summary, Conclusion and Policy Recommendations

Kirit Parikh
Indira Gandhi Institute of Development Research (IGIDR} Mumbai

The consensus of scientific community is that the available observational evidence
indicates that regional changes in climate, particularly increases in temperature, have
already affected a diverse set of physical and biological systems in many parts of the
world. Many human systems are sensitive to climate change. The impact of climate
change or these systems can have a severe adverse impact on human well-being in India.
Thus it is important to assess India’s vulnerability.

India may be particularly vulnerable to climate change as a poor and tropical sub-tropical
country, highly dependent on weather for its agricultural output. For India, its freshwater
systems, rainfall, rivers and groundwater are critical for its agriculture and food security.
Disruptions, draughts and floods induced by climate change can cause great hardship and
impose large costs. Similarly, the large coastline of India, millions who live near the sea
and depend on coastal ecosystems for their livelihood may:also be highly vulnerable to

climate change.

A review of climate variability in India over nearly 120 years shows that there were 19
flood and 21 drought years. Excepting extreme events like carthquakes or cyclones,
floods are the most important cause of mortality. Any increase in the frequency of floods

thus increases vulnerability.

_ t | L ,
The economic costs of damage due to ﬂood is rising steeply, mainly due to g‘eater
exposure.sin future because of the much higher population with India’s land scarcity, the
damages could be much larger. Vulnerability would be high.

It is also noticed that mortality due to heat spells is increasing. This, however, depends on
the nutritional status of the population. ,

It is expected that annual average surface air temperature will increase in 2050 by 2.7°C.
Increase in winter would be higher at 3.25°C. Annual average precipitation will increase
by 6.6 per cent. When effects of sulphate aerosols are accounted for annual average

temperature increase will be lower by 1.9°C but rainfall would fal! by 2.4 per cent. Thus -

significant warming is expected over the Indian subcontinent.
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Indian agriculturc and food security are highly vulnerable. Agriculture }encnh:
cent of GDP, employs 60 per cent of work force and the poor spend 2/3

on food. Any disruplion, thus can cause much misery.

Analysis using a crop production model, the EPIC model, whose parameters were
calibrated 10 reproduce Indian data on wheat and rice, shows that with a temperature
increase of 2.3°C to 4.8°C, rice yiclds would decrease on the average by 32 per cent 10 40
per cent. For wheat yields the fail would be 4] per cent to 52 per cent. Even when carbon
fertilization effect is accounted for, rice and wheat yields will fall by 13 per cent to 25 per
cent and 15 per cent to 33 per cent respectively.

These yield changes would lead 10 changes in the structure of production, prices, incomes
mmmm“mwammmhmm

" depending on the climate change scenario under considerstion, expected decline in

agricultural GDP ranged from 26 to 33 per cent. The overall effect of climate change has
remnedmlossmGDPtmderallswmos,wnhlhedmlmcmgmgm!81034
per cent.

mwmmmwmmmwm&mam

- poor from. 183 per cent to as much as 31.1 per cent. The abject poor increases by 10

percentage points in rural arcas. The number o poor increases from 3.4 per cent to
8 per cent and abject poor by 1.0 percentage point. Even with carbon fertilization effect
the number of rural and urban poor increases by as much as 6 and 2 percentage points
respectively.

This means that climate change could increase the sumber of poor in India by more than
130 million persons in 2060. Indian agriculture and India’s food security are highly
vulnersbie to climate change. B

These estimates have not fully accounted for wany other threats to agricaltorc from
climate change. Thus the damage duc to land loss, irrigation capacity loss and higher
mdmofdrmgﬂsmdﬂoodshavemtbeenﬁmmedm

Sea level risc duc 10 climate change can cause land loss, population displacement,
incressed flooding, salinity infusion, loss of agricultural yields, impact on aquacuitures,
tourism and beach erosion and property loss.

It is estimated that a 1 meter rise could lead to 2 Jand loss of 6000 sq. km and displace

over 7 million people. Increased frequency of tropical cyclones could lead to that much
more loss. Moreover, it is estimated by onc study that they will be more intense than the

worst storms cxperienced under present day climate conditions.
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Other impacts on the coastal System are not assessed.

India’s freshwater resources are limited and scarce even today. With population growth
the scarcity will increase. It is projected that under current trends only 6 per cent of water
would be left for environmental and other uses by as early as 2025. The impact on
climate change could aggravate the problem. Salinity ingress with sea level rise could
affect ground water supply. Increased frequency and intensity of ﬂoodmg would mean
more run off and less water for use ~ apart from the damage due to flood. The possible
increase in rainfall may not compensate for this. It will depend upon its geographical and

spatial distribution.

In India community level water harvesting efforts in regions vulnerable {o droughts /
severe droughts due to Jack of adequate rainfall and infrastructure for storage of rainwater
during the rainy season has made the water harvesting process a very powerful
technology for an effective adaptation at the community level to cope with such natural
disaster which may be exacerbated due to human induced climate change. Though
adequacy of rainfall is a very important factor to consider in discussing impacts of
droughts, ltlsnnportanftomembathatitdoesnotmaﬁerhowmuchrainaplace gets,

:if there is no infrastructure to capture rain water, the place will still to short of water. It is
unbelievable that Cherrapunji wlnch gets 11, 000 mm annual rainfalls still: have serious

dnnkmg water shortages.
A number of case studies of community-based approaches show the vast scope and
effectiveness of concerning water and making it go further. o
What kind of policy conclusions can one draw from theses?
(@) Bven when India is not responsible for the thircat of climate change it
e isquite vulnerable. India has the right to seek adequate compensation.
()T It would be in India’s interest to work to reduce the threat of chmate

change.

{¢) To ensure food security India should pmmote research to deveiop

more climate tolerant crop varieties.
{d)  Water conservation and use techniques should be followed.

(¢)  Development in flood plains and coastal regions may be controlled.
(®  Ground water recharge through community participation should be
encouraged and be a national programnme as it has also many short-run

benefits.
() Ind:ashouldstepupnsecmomlcgrowmtoreducemdepmdmccon

agriculture and acquire the ability to import as much food as needed.
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Sustainable Urban Transport Sccter aad Pessibifities for CO; Mitigation

Jyoti Parikh -
Indira Gandhi Institute of Devciopmont Rescarch,
Santosh Nagar, Goregaon (East), Mumbai - 400 065, INDIA.

1.  Istroduction

In wiban arcas cspecially, transportation systems determine efficiency of the cities,
economic growth and the feeling of well-being and quality of life for millions of residents.

Transport is a critical infrastructure for developmental process. It accounts for 2 major
share of consumption of petroleum products in India. Transport is responsible for an apprecisbie
share of pollution, buth local and global. Problems due to the emissions of local pollutants pet
concentrated in urban areas. Transport activitics thus occupy central concerns of local pollution
in many urban areas of developing countrics. The emission of global pollutants, especially of
Carbon dioxide (CO;), from transport is a problem of increasing concen in the globel

environmnental scenarnio.

Managing transport sector while minimizing externalitics such as local pollution,
congestion and global pollution is & major challenge. Rapidly wibenization is taking place in
devdopmgmﬁmneumsyﬁemnakeyw&muhemﬂly
productive and for quality of life. -4

In this paper, first a preliminary a review of the pesformance of the Indian tramsport
sector by rail and road with particular emphasis on urban transport in the past few decades s
camied out with a view to identify the changing patiemns of use of different modes and fucls, and
to assess emission of local and globat pollutants. Laier, depending on the data availability,
specific information on four megacities of India, namely Mumbei (formerly Bombay), Dedbi,
Koikstta (formesly Cakutta) and Chennei (formerly Madras), or polictant emissions are
econonittrically identified. Econometric models are used 10 generate futare tranaport scenarios
for passenger and freight traffic in India. Enesgy consumption and CO; emissions also increase
from this sector at an equivalent rate. Mdﬁmﬂmmmmam

the CO emissions are analyzed.
2 Review of Trausport Characteristics

Main faxces of this work is on urban transport for mainly passengers. However, when
possible, we first take an overall review of the trmusportstion in &crms of both passeager and
freight transport 10 sce the magnitude of the wrben transport.

A gradual tansformation from nail-dominsted transport to road-dominated transport has
been witnessed in the last few decades. As can be seen in Table 1, the share of nailways has
decreased from 36.4% of the total Passenger Kilometres in 1980-81 to 16.4% in 1993-94.
During the same period, the share of railways for freight transport (Tonne-Kiometres) declined
from 61.8% to 42.3%. Note that the values do not sum to unity, the reminder being the share of
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Table 1: Trends in Medal Split (%)
Rail Road

Passenger traffic :
1993-94 16.4 834
1980-81 364 61.5
Freight traffic ‘

1 1993-94 2.3 576
1980-81 61.8 38.1
Sources: Based on the values in Tables 2 and 3.

The total passenger kilometres (PKM) and Tonne Kilometres (TKM) by Indian milways
were 296.2 and 257.1 billions respectively in 1993-94 (Table 2). The growth rate in rail
passenger transport during 1980-94 has reduced to nearly half of the growth rate of 1970-80,
whereas the rate has nearly doubled for freight traffic. Bulk commodities (dominated by coal)
have constituted about 85-90% of the total revenue originating tonnage in railways.

Suburban rail traffic has grown at a slightly higher rate than the non-suburban segment -

dunng seventics and eighties. Suburban rail travel in Mumbat constitutes more than 63% of this
traffic, while other metropolitan cities, namely, Calcutta, Chennai (formerly Madras) and Dethi

constitute about 25%, 6% and 0.6% respectively.

With the exception of the coal traction, which is on the way out, railways have
consmnedthclmstdtmctﬁxelenergyperPKMorTKM(F:gn&s ! and 2). They have also
emitied the least carbon di-oxide per PKM or TKM (Figure 3 and 4).

Table 2: Salient Features of the Transport by Indian Railways

i 1993-94 | 1980-81 Change % pa
Details ,
| 'l ios0.04 | 1970-80
Non-suburban PKM (Billion) 233.2 167 258 596
Suburban PKM (Billion) 63 41 3.36 595
Total TKM (Billion) 257.1 159 - 377 2.31

Railway Yearbooks.

Sources: Data compiled and analyzed by Ramanathan and Parikh from Indian
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2.} Roadways

Rt is cstimated that the roadways have accounted for 1500 billion PKM during 1993-94,
which was more than five times that of milways (Table 3). Road passenger transport has
recorded very high growth in recent years, especially since 1980-81. Such a tremendous growth
in road transport can be atiributed 3o 3 rapid growth in the population of vehicles. The growth
ratc was the highest for two wheelers (16.22% p.a.), which constituted more than 67% of total
vehicles in 1993.94. While the tolal number of passenger buses is estimated o have more than
doubled during the last decade, the share of public sector buses in the country has declined from
about 44% in 1980-81 10 29.9% in 1993-94.

| Table 3: Salient Features of the Performance of fndion Read Transport

Details 1993941 199831 |  Change % po
tsees¢[ 1y |

PKM (Billien) 1500 s nm 7
Ne. of all vehicies ('900) mn| o] nx»
Ne. of Twe wheelers ('908) 1538] 1999 W -
Ne. of cars, Jeeps and Taxis (908) 17| 1ner|] am| sm
Share of Twe wieelers (%) €13 an
Shore of public buses in total amber of buses (%) | - 199 aas| .
TIM (Billlen) s el e’
Ne. of Trucks {900) 1659 Q2 8w 3

Sewrces: Dats compiled and smalyzed by IGIDR from Annual Reperis of the Minhry of Surface
Transpert, and Meter Tramspert Statisties.

Figures 1 and 3 show that the energy consamption and CO;z emissions per PKM effected
by personalized vehicles has been more than twice the corresponding values for public transport
modes.

The freight traffic handled by road in 1993-94 was about 350 billion TKM. The ssnual
growth rate has increased by more than three times in the cightics compared 10 the scventies.
Such a tremendoss growth can be correlaiod %0 the growth in the number of wrucks, which has
registered nearly dovble growth raie in the cighties compared © tic seventies. The energy
than the corresponding values for rail transport (Figure 2 and 4).

21.1 Urban road iransport

Indiz has wimessed a tromendous growth in wrbenization since independence. The
urban population has increased from 62.4 million in 1951 to 2172 million in 1991, ncarly 3.5
times. Just 8.2% class 1 town (cities) accounted for 65.2% of the urban population in 1991

(NCU, 1988; Census, 1991).




While the population in major metropolitan cities in India doubled in about twenty years
in the past, the travel demand increased by four to cight times. An increase of 66-200% increase
in fravel demand in five major metropolitan cities in India is projected for the period 1985-2001
AD (NCU, 1988). While population growth is an important determinant of this travel demand,
at least two more factors are responsible for high growth. First, the urban physico-socio-
economic environment, lay off and design which provides a variety of opportunities for a
person, increases his mobility. Second, the continuous physical expansion of the city results in
spatial distribution of activities causing the trip length to grow.

The share of Mass transport in total passenger traffic was less than 55% in major Indian
cities during 1980 (NCU, 1988). The important exceptions are Bombay, Calcutta and Madras,
where the suburban rail traffic plays a very important role in the passenger traffic. It must be
noted that with the voluminous increase of personalized vehicles since 1980, the share of mass

transport would have still reduced.

A more disaggregated analysis has shown that the composition of personalised vehicles
in Indian cities is very high. In the four major metro cities, they form nearly 83% (two-wheelers
52% and cars 31%) of the total number of vehlcles The share of public transport buses are only
2%. The share of Passenger Car Units (PCU) of the personalized vehicles is quite out of

proportion to the share of traffic fulfilment. Their average number of trips served in some of the
principal ¢ities is 21%, while in terms of PCUs these vehicles have accounted for 87%. This is
to be contrasted with the public transport vehicles (Buses). W]nle they fulfill 79% of the trips,

their share of PCUs is only 13% (Patankar, 1991).

Such a disproportionate growth of the personalised vehicles has many implications:
increased energy consumgption, severe road congestion, reduction in speed, increase in accidents,
and emission of local and global pollutants. For example, in Bombay, the average speed of
vehicles was about 38 kmph in 1962, which has reduced to about 26 kmph in 1979. The
average speed in Calcutta was about 17 kmph in 1963, which has reduced to about 12 kmph in

1981.

While no time series data‘;are available to identify the transportation changes with
-urbamzaum, certain trends can be obsexrved with the cross sectional data on mobility and
congestion indicators for selected cities (Table 4). With the exception a general'réduction in the
per capita road length is observed as the size of the city increases. There is also an increase in
the PCUs and an increase in number of PCUs per km of road length as the city grows. These
indicate the improvements in road structure have not been in tune with the growth of vehicles.

The growth of registered motor vehicles in various cities of India are shown in Table 5.
Metropolitan citics account for about one-third of total vehicles in India. Note that the growth
rate of vehicles in metropolitan cities has been slightly lesser than that of All India vehicles.

' Bus =3 PCU; Two Wheeler = 0.5 PCU; Three Wheeler = 0,75 PCU
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Table 4: Mobility and congestion indicators for seiected cities l
Cities Population in| Read Length | PCU's per Trip rcu

—

Inkhs per 1000 kmof | Lenpth ('000)
people (km) read (km)

Kolkaits 91.94 0.9 256 53 2059
Mumbai 82.43 0.17 230 108 3186
Delhi 57.29 028 33 13.4 5088
Cheanai 4239 .39 56 76 1.9
Bangalore 29.22 041 150 106 2259
Amdavad 2543 0.35 127 73 106.7 H
Pane . 1686 031 195 7.9 1499
Kanpur _ 16.39 .58 51 57 1075
Coimabatore 7.50 0.92 77 93 1001
Source: Patankar (1991), Urban Transport in India in Distress,
CIRT, Pune.

E-’

1t can be seen from Tabie 5 that the growth rate of all registered vehicles was more than
10% per year in the big cities of Amdavad, Bangalore, Delhi, Hydersbad, Lucknow, Chennai,
" Nagpur and Pune in the eightics, which dropped to about 3% per year or less for the peniod
1991-94. However, the growth rie has been quite high (sbout 13% or more per year during
1991-94) for the next level cities of Bhopal, Cochin, Coimbatore, Madurai, Sarat sad Vadodara
(which are recognised as metropolitan citics according to the 1991 census). In fact Comnbetore
has recorded a very high growth rate of 20.33% per year during the pexiod 1991-54. The only
important exception to this trend has been Mumbai, which has recorded » negative growth e
of -1.13% per year during the period 1981-94. These trends indicate that the growth rate of
vehicles could be high as the city grows. As a number of towns in India are growing very
rapidly, a very high level of vehicle growth can thus be expected in the fatere.
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Table 5: Registered Motor Vehicles (in "000) in Metropolitan cities in India (Year on 31st March)
1981 199 1994 Change per Change per
annum annum 1991-'94
1981-'9¢

I Amdavad 13 374 478 13.76% 8.52%
Bangalore 175 577 716 12.67% 7.46%
Bhopal — 130 188 — 13.08%
fMumbai 307 629 €08 7.44% -1.13%
Kolkatta —_ 475 544 — 4.61%
Cochin — 29 42 — 13.14%
Coimbatore —_ 66 115 — 20.33%
Dethi 536 1813 223% 12.96% 7.29%
Hyderabad 89 443 543 17.41% 7.02%
Indore -— 214 267 — 7.65%
Jaipur 438 266 339 18.68% 8.42%
Kaspur 56 169 109 11.68% T.34%
Lucknow 53 216 266 15.68% 1.19%
Ludhiana —_ 202 258 —-— 8.50%
Chennai 128 544 689 16.32% B.19%

- IMadurai — 38 57 — 1447%
Nagpar - 45 167 185 1461% |7 347%
Paina — 180 197 — 3.05%
Pme 107 280 33 HL10% 5.74%
Surat — 197 271 — 11.22%
Vadodara - 162 212 - “9.38%
Varanasi — 112 146 —_ 9.24%
Visakhapatnam — 142 165 — 5.13%
‘Total for the . 1639 7392 . 070 12.76% 7.06%
metropolitan cithes -1
Total for India 5391 374 L mn 14.77% 8.40%
Share of metropoliten |  30.40% 34.58% 3331% — o
cities v N
Sonrce: Motor Transport Statistics of Indin, 1991-94, by Transport Research Wing, Ministry of Surfact
Transport, Year: 1995 _

Note: * Columas 2 and 5 In the last three rows pertain only to the 11 eities for which information is
available for the year 1981.

A more detailed data on vehicular growth in the four mega cities of India is shown in
Table 6. The growth of three wheelers as important intermediate public transport modes for
passengers is highlighted in this table. Both Mumbai and Chennai have recorded high growth
of these vehicles. Chennai has recorded highest growth of two wheelers during the period.
Mumbai has shown a favourable trend in passenger transportation by recording high growth in
the number of buses, and a negative growth in the number of cars, jeeps and taxis.
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Table ¢ Vehicks Duls as on 31 March 1994

Alladia | Mumbal | Do | Kelkatta | Chemmel 4 Mogncites
Total Share ,
p3eees | 250960 | 19230 [ 233634 | evsee | amnos | nsen
) an 593) (6.21) i ) | i
Wheders-| A 35567 e on e | e A
: [1:8])] (440 (665 Qs i oM '
Wheehrs-| A » 14 1912 e | A
€164% 9 | o | am
Jeeps | 3617000 | 290007 | ssme | 21 | pemy | nem | nw
‘Taxis ] 544) 03) 048 5:24) o
ll-u 49008 | 1M an 13457 me s 13
@ | 02n | @a® | @9 | om | s
I-r-- 000 | vire | nen | we 19517 | mos | nax
&6 €1.73) “Us5) it 803 . @91)
€ N0 | sims 0 0961 3441 062 | SE% I
@14 (330 “, [ ] ars | o
one | ons | 12903 | 56 | @i | s | e l
AN €1.48) 129 ] an 86859

A- nchoded in Others and separate All lndis informotion i not svallabie; B- inchaded in trucks;
IWheelwrs, tractors, irallors and other vehichus.
hwhﬂl-lmtmﬂﬂ—’ﬂ. i -

Based on dain frown Moter Tranepert Siadipiics of India, 1991-54, by Tramspurt Ressareh

of Surfact Trasispert, Yesr: 1995

As highlighted in Ramanathan (1997), Deta on the performance of individual modes of
road transport in India arc generally not svailsble. However, a pmt of the performwmce of
- ‘passenger trmsport effected by public bus services is regulerly reported (CIRT, 1994). A
- - winbet of statc-ron transport undertakings operste bus services in various wben comtees snd

mpm:. Table 7 provides data on salient features of their performance. The shaso of mban
o otal PKM by public buscs has decreased from 12.5% in 1990-91 1o 11.4% in 1992-93.
"~ Note that the actval share of wban PKM by road transport considering all modes would be
mbm“dumwmmmmummhma-
arben srcas. On the basis of the availablo fisol conssmption data by these buscs, the total OO;
emission has been estimated and shown in Table 7 itself. Note thet, in spilc of registering a
C Jower KMPL, the share of wrben transport in total OO» amission is lower than the share in PRM
) because of higher capacity utilisation of wban buses. On an average, there were 55 persons per
- ... wibenbes compared 10 the overall value of about 41 pessons.
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Table 7: Urban and long distasice passeager transport performance by State Read Transport
Uadertakings (STU) in Indis
Detalls 1990-91 199293
L Total Urbaa PKM (i maliioas) . 45511 44368
Selecied Urban Centres
Deli (DTC City) 16091 12963
Mumbai (BEST) . 9208 9765
Chennai (PTC) . 10114 1048
Keilkatta (STC City) 2040 2013
Amdavad MTS 1514 1709
Pune MT 1504 1864
IL Leng distance PKM in miflions ' 317330 : 344496
Selected State Operations _
. Gujarat (Mefuss) 30767 . 33932
Karmataks (Mofassll) - 28351 30838
 Kerala (Mofansil) = . 12173 o 12956 -
: : ,Uﬂu-hﬂui(uol’ul) e = 22363 -
: lllShnofUrbuPKMhhhlﬂ(MhyS’ﬂh 12.54% C 1141%
IV. HSD cousumption (KMFL)
—Urban 349 384
_— Overalt R 43 a4t
V. CO; Emission (miC) by the operation of the STUs .
. —Urbma o 0.17 ' . o
—Overall S : 1.51 165
3 Energy consumption trends =

During the year 1993-94, Indiar transport sector consumed 1.93 million tonmes of coal,

5538 million kWh of electricity, 38,40,000 tonnes of gasoline, 17,40,000 tonnes of aviation
turbine fuel (ATF), 2,30,59,000 tonnes of High Speed Diesel (HSD), 82,000 tonnes of Light
Diesel Oil (LDO), 4,05,000 tormes of Fuel Oil and 12,000 tonnes of Low Sulphur and Heavy
_ Stock. Table 8 provides the details for the last few years. During the period 1989-94, coal
consumption has reduced by nearly three times. Consumption of all other fuels have increased,
with electricity registering the highest increase at the rate of 8% per annum.
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(Units for Nyuid fucks: 900 Tommer)

DR
I . Table §: Energy consumptions far transpert In Indin
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. An smalysis Gf the sbove data indicates that potvoloum products accomst for the major
focl comsumption in he anipost sector (95.7% in 1993-94) Rosd sad ofher fameport
-(inchoding agricultaral retail trade) is the dominant consemer (82.8% in 1993-94), followed by

il (9%) and air (6%).



4, Environmentsl implications

Air pollunon due to road transport is of high significance in terms of the quantity of
pollutants emitted. In India, it is estimated that vehicular emissions alone account for about 60%
of the total pollution from all sources (Patankar, 1991). An intemational study has indicated
that the emission of selected local air pollutants (such as the carbon monoxide, nitrogen dioxide,

etc.) in the megacities of India is above che WHO guidelines (Grubler, 1993).

4.1  Emissions of local pollutants
The emissions of local pollutants due 1o road transport have been obfiined using the
emission factors estimated by the Indian Institute of Petroleum (P, 1985) for Indian vehicles.

The emissions have been computed using the procedures outlined in the same report. In 1993-
94, fuel consumption in the transport sector has accounted for about 17,58,756 tonnes of Carbon

Monoxide (CO), 6,48,025 tonnes of hydrocarbons (HC), 10,39,374 tonnes of nitrogen oxides
(NOx), and 32,974 tonnes of particulate matter. A detailed break-down in terms of different
vehicles is shown in Table 9. These trends indicate that emissions are increasing at a very high
rate. While gasoline vehicles account for a large part of CO and HC emissiens, dmcl vehicles

wcountibnma]ontyofNOx,mdall theparhculatemnssmns

 Table 9; Emissions Smmemary (KT per Year) (AN India) -
co - HC | Nox | part
| Gasoline vehicles
-2 Wheelers 4269411 266.4524 ° —
-3 Wheders 1191835 74.4289 ) —
- Cars, Jeeps and Taxis © §96.8867 103.5325 45.53109 —
1 Dicsel Vehicles " 5157452 203.611 993.8429 3297437
Total , 1ease | ewmer | awesm | a2emm
sﬁmemummﬂmmmmm!gmumam

- Comaﬂnhmsofwlmﬁdbcﬂmmﬂlpolhﬁnbforﬂwhumegwmesof
India are shown in Table 10. Note that Calcutta recorded a very high concentration of NO2

during 1985. Chemmnai recorded the least variability in concentrations.
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42  Emission of global poliutants

: ~ - in previous sections, and emission factors available in previous-stadics (Parikh aad Gokan,
- 1993; Pxrikh, Panda and Murthy, 1994). The emissions comrespondimg %0 clecwicity
- gencration cfficiency in cos! based thermal power plants. Two-thirds of the total electricity -
generation in Indis is assumed 10 be from coal based thenmal power plants, while the remsining
km»ummmwwymmmmwu

Table 11 shows the cstimates for direct (Le. foel related) O0; amissions due © Gansport

in India for the last few years. The direct ©O: emissions in 1993-94 duc 0 ‘the faol

" consimption in transport sector works out 10 be sbout 27.85 milfion toanes of carbdn equivalont

S {otC). Mdﬁmmwwt&)uwh“ﬂ
mabmwwd(lﬁ)dn(ﬁ) ce :

PR

Table 11: co,-n-h-bymu-wau(-;cp
| lve- -_ | Resdasd Rall Alr | Shipping | Tewd
(( : Other

989-90 17852 5284 1575 .53 25281

99091 18.33 439 1490 | 0493 25225

991-92 19.608 4662 1384 0437 26.111

992-93 20974 4962 1418 0426 26.386

22.308 34% 1.559 048 77382

CO; coeflicients wsed are 0.546 t of carbon per ton of Indiam coal aad 0.88 t N
Bﬂf-&ﬂuﬂaﬂl&hrl,lm




Emissions due to the transport operations of four megacities of India are shown in Table

12. These values have been estimated based upon the share of each of the cities in the registered
number of vehicles. For example, gasolene consumption of Mumbai in a year is estimated from
the All India data for gasolene consumption assuming the same proportion as the number of
gasoline vehicles. Electricity consumption in Mumbai's suburban operation is estimated as
follows. From the annual report of Indian Railways, the average share of electricity
consumption for suburban operations (which includes the operations in all the four megacities)
. in total electricity consumption of all electric traction has been estimated. Once this value is
available, the share of Mumbai is estimated as proportional to the share of PKM of Mumbai's
suburban operations in the total suburban PKM. Electricity consumption due to the rail freight
operations originating from each of these cities could not be estimated owing to lack of data,
and the CO, emissions of Table 12 do not include these rail freight operations. Similarly, the

estimates of this table do not consider air and shipping operations.

94)
| ' ‘Mumbsl| Delbi | Calcutta | Chennai | Total

ICO; emissions . 170 | 140 1.94 13 | 638

I Allllulh 6.11% | 503% | 698% | 481% | 22.92%

TIm&nmbemMmsponopemhonsmMmbmmmsponm‘bleforaboutl7 :
mtC of COz in 1993-94, which forms about 6.1% of the all India transport emissions in that
‘year. The four megacities accounted for about 23% of the total direct CO; emissions due to
transport operations. Note that this share has been increasing over the years. For example, in
1990-91, urban transport in Muinbai was responsible for about 1.38 mtC, which was about
SS%ofﬂwtom!COzennssmnsmﬂnt}ur _

I Table 12: CO; emissions due fo arban tran.sport in four megacities in India (1993-

S
e e i e L5h

s. Projeeﬂng m !nlsport requh’emts

ThepmjecﬁoﬁhéfﬁlmPKM‘mmrﬁedmtnshgtheeoommwicmdd&Adeﬁﬂed
analysis with data has revealed that simple multiple regressions do not provide satisfactory
models. Finally, an approach using cointegrating econometric models (Charemza and
Deadman, 1992; Engle and Granger, 1987) has been found to be satisfactory. The relevant -
models are given below. A more detailed discussion of the validity of cointegrating
regressions is available in Ramanathan (1998a).

vy

PKM,= 0684+ 1147 Y+ 4414 NR- 0209 P+ ¥V, .
(0.114) (4.105) (2.606) (-1.381) M)
APKM,= 0060+ 0.122 AY,+ 0464 ANR~ 0010 AP- 035 ¥, .+ 0098 APKM,,+ U,
(220) (0.66) 029) " (~0.09) (-2.46) (0.48)
@
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wheve the notations PKM, Y, NR, | and P stand for passcnger kilometses, gross domestic
prodect, ratio of utban 10 total population, index of industrial production and price of minceal
oils respectively. Figures within parentheses are the t-values. Data for the period 1956-89 were
used in the construction of the model. We counld not use data till 1993-54 becamse a reguinr

time-series data on PKM are not availabie beyond 1988-89.

Model (1) and (2) are noraal econometric models for PKM. Thoy cowld aot be wsed as
such for making projections as they suffered from severe sutocorrelation. On the besis of wsuml
tests for cointegration, the cointcgrating relationships given in Models (1) and (2) bave beea
establishod. First, the stationarity of the varisbles have boea checked and all of them have boea
found 0 be non-stationary with order 1. Then, the residuals Vi and V2 of models (1) is weed 0
verify the existence of cointegration. Models (2) is called the Emmor Comrection Models (BCM)
for models (1). Note that the residuals ¥; was used in the ervor correction models with 2 unit lng.

The valucs of coefficients in Models (1) and (3) give the long-run clasticitios for PKM.
The long-ren income and price clasticitics of PKM are 1.147 and -0.209 respectively. Further its
elasticity with respect to the ratio of urbsn 0 total popuistion is quite lage, at 4.414.

" The short run clasticities for PKM is obtxined as the values of the cocfficients in

. Model (2).

Mﬁﬁﬁmnomﬂudhmbmw prlﬂe
ﬁl%hhmdmﬂoﬂsmwmhwlwﬂawlhm
a growth mate of 12%. The wban population projections have been obtained by using the
macro-cconomic model reported in Majumdar and Parikh (1994). The resslting FKM
projections are shown in Figure 1. The actual growth in PKM over the past yoars aee also
shown for comparison. PKMW&C&HM.MM&EIOAD.
m&uwnhmﬂdmm =

iy Ci g = 2

sres uhthmﬁlmeh-nﬂﬁyd&m-

©n g - i

6. . Energy requirements and Carbon di-exide emissions upte 2029-21:

A scenario analysis

For policy purposcs, it is necessary to identify the implications of alicraste cowrses off
action so that the fature can be shaped 0 cosure sostainable development. The impact of the
Indian transportation sector will be greatly felt on two important arcas - the fistwre cnergy
roquirements and the CO; emissions. Assuming that the PKM projections made in the previous

soction will materialise, their likely impacts and the effects of aliernate courses of action have
been analysed nsing four scensrios. Table 13 describes the scenarios i icrms of growth mies.

The resnits of the scenarios (cosresponding 8o Case 1) are also plotied in Figare 2 (for encigy
requirements) and Fignre 3 (for CO; cmissions).
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Table 13: Growth rates obtained for the scenarios
(in % p.a. during 1990-2011)
Details Case I Case Il
PKM . 696 3.69
TKM 7.05 5.72
Energy requirements ' '
Business as usuai 6.46 4.40
Efficiency increase 5.38 335
CNG and Electric vehicles 5.38 335
High skare of mass transport 3.62 1.42
CO; emissions '
Business as usual 6.25 4.21
Efficiency increase 5.17 316
CNG apd Electric vehicles 517 3.16
High share of mass transport 385 1.63
Source: Values computed by IGIDR E

-Scenario I: &lsms_As_Uaml_(BAlD

- Mﬂnsscenarw,&mstmghrswnmlpamhavebemmmedmmmmEmﬁxm A
logistic substitution model has been used to capture the trends in the modal split. Based on their
pafmnmeem&emdemdqmmwmﬂaeeﬁcmmofmad&mqmnequmt
by 2% per anmmnn over the the prevailing values in 1988- 89 has been assumed.” Based upon
these assumptions, the energy reqmrements and CO: emissions till 2020-21 have been
projected. The energy requirements in 2020-21 is pmjected to be about 7884 Peta Joules (PJ)
(Figure 2), which is about 6.54 times the consumption in 1990-91. CO, emissions have also
recorded a similar rise (Figure 3). Such a sharp increase is obvious considering the fact that the
encrgy and carbon intense modes of transport (gasoline vehicles and trucks) have béen assumed
to satisfy the additional transport demand during 1990-2021 (see Table 16). It is necessary to
reduce such a high growth using available policy options. An analysis of such options is

presented below.

Scenario 2-

'Iheasktmmtimoftheprevioussomaﬁohavem!ted into a huge increase in energy
requirements and CO; Emissions. Emphasis on efficiency improvements can reduce the
demand. About 4% per ammum (2% over and above the expected efficiency improvements

which uonnally takes place) for road tranSport have been assumed. Energy requirements and
CO; emissions in 2020-21 have been estimated to be about 5814 PJ and 111 million tonnes of

carbon equivalent (MTC) respectively. These values represent a significant (about 26%)
reduction compared to the corresponding figures of the previous (BAU) scenario.

14
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Scenario 3: Intenduciion of alicynative transpost fiaels (AL TFLIEL)

In addition to cfficiency improvement, introduction of alternative tranaportation focls
can firther reduce cnerpy requirements and CO; emissions.  In this soemario, the cffect of
introducing these fuels over and above fficiency improvements has been exmmined.

At present virtually alt (99%) fuels consumed in road trangport in the world are being
produced from crude oil. The market share of other non-oil transport fuels such as bio-ethanol,
methanol and Compressed Natural Gas (CNG) is very minor (Okken, 1991). Other non-oil
mmwmm)mammuxmwmm

(OECD, 1993).

Of these non-oil fuels, the most revelant one for India is the CNG. CNG wehicles are
more efficient and cleaner compared their gasoline coumieypmts. It has been estimated that the
CNG vehicles will emit only 30% of CO; (full fuel cyck) compared %0 gasoline engincs
(Okken, 1991). A technology asscssment has identified fruitful wtilization of the natural gas
available in India for transportation purposes (Parikh and Painuly, 1991; Painuly and Parikh,
1993). Cakulations using available data from the sbove sources reveal that CNG vehicles are
expecied to consume about 0.4683 MJ and emit 7.8 grams of Carbon equivalent of CO; for

. Pressure on cleancr enviroranent especially, in urban arcas is expected 10 stimmlste the
introduction of electric vehicles in India. Both Batiery Powered Electric Vehicles (BFEV) and
Hydrogen Fuel Cell Electric Vehicles are not yet commercially available (Williams, 1993), with
the former being in a relatively more advanced stage of development. Hence, except for a few
studies (Wang and DelLuchi, 1992; MacKenzic, 1994), details on their techmical pesformance is
not available. The US trials show that their performance vary from 0.3 10 0.4 kWh pex mile
(Wang and Deluchi, 1992). A beticry powered EV (BPEV) emits only 56% of groeahouse
gascs compared 0 a gasoline vehicle, if the batiery is charged using the avange graceal mix in
the USA. The corresponding CO; emissions for a fuel cell powered electric vehicle is quite low
and depends upon the foel used in the fuel cell (Williams, 1993). 1t is nsnally as low as 8% of
the corresponding value for gasoline vehicles (Okken, 1991). The electric vehicles are expected
to consame about 02283 M/PKM. BPEVs emit about 5.9 grams of Carbon equivalent of 0O,
while fuel cell powered clectric vehicles are expected (0 emit sbout 0.8 grams. .

For the purpose of this scenario, a diffesion of CNG aad clectric vebicles in 2020-21
along the S-shaped logistic pattern has been assumed. Tt is assumed thet both the CNG vebicies
and EVs will diffuse o account for 10% share in the new vehicles registered in 2020-21. The
level of market penetration has been assumed to be uniform for both these EVs.

Expectedly, the results do not show much variation from those of the previous scenario
(EFFICIENCY). This is because, under the stated assumptions, the share of the ahernative foel
vehicles in the total number of vehicles expected in 2020-21 has been quite low (1.14%).
Moreover, both CNG and BPEYV rely on fossil fuels and the gain is not much. This means that if
the alicative fuel vehicles are to make any apprecisbie cffect on reducing energy consumption
and the CO, emissions, they have to be encouraged very vigourously. Otherwise, their hikely
mmpact is expected to be very mimimal in Indian transport scenario.
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Seenario 4: Desired Moxda

The modal split employed in the previous three scenarios is the expected pattern based
on past trends. The modal split is shown in Table 14 for the years 1990-91 and 2020-21. This
modal split is however highly undesirable as it favours energy inefficient and CO; intensive
modes. For example, in 2020-21, gasoline vehicles have been assumed to meet 35% of the
PKM demand. The share of rail has been assumed to to be less than 5%.

Table 14: Modal Splits (%) for Passenger Transport
Passenger Transport
Mode
1990-91 2020-21 2020-21
{projected) (desired)
Road ‘ :
- Gasoline 16.99 35.53 338
- Diesel 60.56 5386 | 50.62
-CNG . 0.00 ' L14 . 6.75
-EV 0.00 1.14 - : 6.75
. Road Total 71.55 91.67 ... .6750
Source: Values computed by IGIDR ‘ Y

However, the analyses in earlier sections indicate that railways, especially suburban

mlwaymtamsofmergypupassmgerlﬂlomcterarehnghlyenergyefﬂmmtandlwscarbon
intensive. Hence, there is a strong case for increasing the share of railways in the modal split.
Many planning studies on Indian transportation sector have also opined that railways should
account for a major share of PKM and TKM as they dre more energy cfficient. The National
Transport Policy Commiittee (NTPC, 1980) has recommended that the rat!ways should plan to

carry 72% of the total land freight raffic by 2000 AD. ;.,

Hence this scenario has been constructed to identify the effects of encouraging more

desirable travel modes in terms of energy consumphon and CO; emisstons. The details are also
provided in Table 14. Specifically, this desired modal split assumed a more share for rail in
total PKM and 'I'KM for buses and alternative fuels in passenger road transport, and for electric

traction in :a:lways

The results have shown a much larger reduction (nearly 50% of BAU) in energy
requirements and CO» emissions (3504 P¥ and 76 MTC respectively). Thus this scenario has
shown that it is possible to have a reasonably low increase in energy requirements and CO;
emissions, and hence points to the best strategy for sustainable transport development in India.
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6.1 Scenaries of Case 11

A similar analysis has been conducted for the PKM projections of Case 1L As expected,
the resulis have indicated a much larger reduction in energy requirement and C0; cmission (st
4392 P} and 84 MTC respectively). The results indicate about 45% reduction in energy
requirement and COz emission compared fo the corresponding scenarios of Case 1. This proves
that opportunitics for sustainable development will be stronger if future travel demand can be

reduced.

7. Summary and Recommendations
Transport sector is vital for economic growth and quality of life, especially in the urban
areas.

 is shown that during 1980-94, road transport hat grown at a very high mic (more than
11% p.a). Thas the present transportation trends, especially road transport, are onsustainable in
future.

per PKM. For example, per PKM electric traction of railways consumes sbout 0.115 MJ, and
buses consume 0212 MJ, which are much lower than the corresponding valucs for gasolioe
vehicles. Modal splits in their favowr can significantly reduce the energy roquirement and
carbon emission. They also reduce the level of congestion in citics. For example, buscs folfill
79% of the trips in cities, while they form only 13% of the share of the total Passeager Car

Units® Hence, they should be encouraged wherever possible.

We have found that modal split has been changing in favour of road both for passcager
snd transportation in India. Road is expected o account for nearly $7% and 65% of passeager
and freight transpoet respectively by the tum of this ccotary, Non-ssbwrben and seburban il
PKM grew at 2.5% and 3.4% per annum regpectively doring 1980-94, which is quite Jow
<" compared the growth of road PKM (11.4%). Travel demand in many Indian cities is projected
10 grow by 66-200% during the period 1985-2001. I has been pointed out, using dats, that
vehicle population is expected 10 grow rapidly in urban india, and that the improvemcnts in road
structure have not been in hune with the growth of vehicles. Electricity comsumption in rml
transport has registered the highest growth at 8% per annom during 1990-94.  Petrolewn
products constituted more than 95% of the transport fuel consemption iz 1993-94. In that your,
road and other transpost (including agricultural retail tradc) accounted for $2.8% of the total
encrgy consumption, followed by rail (9%) and air (6%)- It has been estimated that, i 1993-94,
fuel consumption i the transport sector has accomnted for sbout 17,58,756 sonnes of Casbon
Monoxide (CO), 6,48.025 tonnes of hydrocarbons (HC), 10,39,374 tonnes of nitrogen oxides
(NOx), 32,974 tonnes of particulate matter, and 27.85 million tonnes of Cabon equivalent of
Carbom di-oxide. Four megacities of India accounied for about 22% of the CO: cmissions.
of industrial production are likely to be major factors aflecting traffic growth in India. An
7884 PJ m 2020-21, which is morc than 6 times the actusl consumption m 1990-91.
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Corresponding CO; emission would be more than 140 mtC.

The following recommendations emerge:

Efficiency improvements can meet the future traffic demand with reduced energy
consumption and COz emissions. Savings as high as 26% is possible. Hence, the best
available technologies should be commercialized at the earliest. Vehicles should be

made to run at optimal speeds, and at full capacities.

The first and foremost requirement is to improve the speed, comfort, and reliability of
public transportation. However, many of the govemment owned road transport
undertakings which provide public transportation are financilly ill, and very badly
equipped o provide superior services. Their main drawback is that pricing their
services are controlled by the government. In majority of cases, the prices do not cover
even a part of their expenditure. This makes capacity augmentation and improvement of
the quality of existing services very difficult. The solution lies in making these
undertakings autonomous so that they can price their services based on economical

principles.
For the same population and gross domestic product, Mumbai requires only 40% of

energy ‘and emissions compared to Delhi because of suburban railways. Intemational .
investment opportunities should be explored in mass transit in‘ India as a means .to.

reduce the problems associated with energy consumption and COz emissions. Hence,
mass transit seems to be a strong contender for joint implementation (JI) or CDM. :

Alternative transport fuels could provide energy security and healthy urban environment.
Vigorous promotion is needed in order that their benefits can be reaped in the
foreseeable future. Hence efforts must be made to promote them as fast as possible.
Subsidies may be provided on the capital and fuel costs of these vehicles, and exclusive
roads and parking spaces may be constructed. To provide the required impetus, it is
necessary 1o create an exclusive department in the government, or a special institution.
This institution should work in tandem with the existing industries involvedin
alternative vehicles development to spread the know-how to the extent possible, provide
R&D support and mobilise the necessary funding from suitable sources.

A more prudent move to achieve a sustainable future would be to rednce the volnme of
travel demand itself. Scenarios using Case I (section 5.1) have shown that nearly 50%
savings in energy and reductions in emissions are possible by reduced travel demands.
This can be done by many options, such as planning smaller cities, raising the
occupancy ratios of vehicles, substituting motorised travel by non-motorised travel by
providing sufficient cycling tracks, and, improving the telecommunication facilities.
The most important fong term option is to instill an awareness of sustainable
development among the travelling public. They should be encouraged to change their
lifestyles to ensure availability of resources and safe living conditions to future
generations. It involves using vehicles only for very important needs and avoiding
luxury travels, and choosing the most energy efficient equipment.
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Notes:

1. From the data availabic for road transport, it appears its cfficiency has increased. The total
energy consumption of this transport has increased at a rate of about 8% per annam during
1980-89, whereas PKM road have risen at sbout 11%. Fuel efficiency of road transport, on an
average, may therefore have increased by about 4.5% per annum.  Hence assumption of 2%
efficiency increase is quile conservative.

2. The avemape specific fire] consumplion of cars at presest in developing countries in Asis &=
about 9 w0 10 Btres per 100 kilometres. For developed countries the value is about 8. However,

new technological improvements have resulied in small carz which have a fuel conseraption as
Jow as 5 litres per 100 km. If one assumes that these types of cars will be commercially
available in developing countries in about 30. years (Okken, 1991), it amounts $0 & commbative
efficiency increase of about 2.5% per year. Hence, the assumption of 1% in efficiency increase
in rosd transport (which also includes buses) is not unrealistic.  For other ttansports, the

assumption of 1% efficiency improvement per year is quite conservative,

3 mdmeofmGMmybmbMuwhmmmﬂp
policy, fertiliser has the first priority usc for matiral gas. In fact, its wee 33 CNG for
transportation has a much lower priocity. However, we assume a high level of use of CNG for
transpost as we hope that there will be a change in the natural gas policy lowands ransportation.
Our optimism is based upon two facts. We feel that the pressure 10 reduce local emissions wiall
force the government o encourage the use of CNG vehicles. Also, with the new joint ventares
for sctting up Indian fertilizer plants in West Asia coming up, the need for fextilizer prodection
in India using indigenous natural gas is expected o decline.

4. Electric vebicles are expeocted 10 occupy 25% shase in the Total Motor Viehicle sales in the
United States in the year 2010 AD (MacKenzic, 1994). Hence, this assumption seems 0 be
-+ conservative. Due to the large amount of uncertainty reganding the development of EVs, a more
5. Al these assumptions have their own financial implications. However, we do not analyse
this aspect firther here.

6. Passenger Car Unit (PCU) is a uniformn measure of the space occapied by different vebicles
on the road. The following are the equivalents Bus=3 PCU; Two Wheelers = 0.5 PCU;
Three Wheciers = 0.75 PCU.
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Executive Sunumary

Power sector miligation in India covers & wide spectrum of economic, teclmologicsl,
environmental, institutional and socio-political issues. The present research paper assesses
policies and measures under altcrnate mitigation scenarios and provides an assessment for
the future of the Indian power sector. Resufts show that power gencration capacity
increases by 1.5 times in the next 10 years, doubles in the next twenty years and reaches

395 GW in 2035. Some specific insights provided from the research are indicated below.

Coal dominsics in the ng-term future generation capacity mix, but its use becomaes more
sustainsble with clean coal technology penctration. Gas technologics penctrate fast in
medium term (Gl 2020), mainly to meet peak load requirements. In this conext, building
of gas supply infrastructure is an important issue. In Iater periods (beyond 2020), s
penctration slows down due %0 build up of large peak reserve capacity in the system.
Expectations about improved performance of mucicar plants increase nuciesr peactration,
bet i3 capacity is restricted due to socio-political and environmental considerations.
Despite large hydro being competitive, socio-environmental constraints cause a decline in
its capacity share. Among renewable, smafl hydro, cogeneration and biomass
technologics are highly competitive and penctratc rapidly. For wind peactration,
stresigthening of local manufacturing capabilities and push policies t0 promole investnent
in wind power projects enhance technology competitiveness. Solar toechnologics penctrate
in the medium term due o capacity building through demonstration projects that enhance
hmnngmhnlmg—mmuonmﬂdepmdhgdymw

lowering of costs.

Indian power. sector has substantial potential for greenbouse gas (GHG) cmission
mitigation by changes in the energy and technology mix. in the shost-texm, dessand side
technologics have a large contribution in emission reduction due %0 low imertia of
technological stock along with improvements in transmission and distribution efficiency.
In the medium and long term, supply side contribution increases due 10 significant shifts in
technology mix. Gas and remewable techmologics substitute coal in the medimm tcrm,
while in the long-tcrm, there is high penctration of carbon-free tecimologies Bke large
hydro and nuclear. A hedging strategy, therefore, is to keep the energy and techaology mix
diverse and flexible.

Electricity supply cost declines due fo autonomous tecimological advancements and beter
management practices (load management) that Jower peak 1o off-peak cost ratio fiosn 2.5
0 less than 1.5 in next 35 years. Carbon mitigation policies lead 10 more substantial rise n
ehumymwmhwamhwmm
policics. However, recycling of carbon revenue can bring down electricity costs.
Therefore, climate change mitigation policies for the Indian power sector will have 10 be
crafied for their own sake.

¥
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Carbon Mitigation for the Indian Power Sector
1 Overview of the Indian Power sector

The energy consumption in India is vapidly rising due to growing industrialization, rising
incomes, expanding urbanization, and modemization of agriculture. Most notable increase
has been in the electricity sector, where consumption has doubled over the last decade
(CMIE, 2000). In past two decades, electricity consumption has grown at a rate higher
than GDP and energy (Figure 1) and this trend has become remarkably pronounced in the
present decade. Electricity demand, growing at 8.7% annually during the present decade,
has outstripped the economic growth rate of 6.2% (Economic Survey, 1990-2000).
Electricity consumption per person, which was 90 kWh in 1972, increased to almost 400
kWh in 2000 (TEDDY, 2000). However in global comparison this is still very low, six
times below the global average, 5% of that in the U.S.A and, nea.rly a haif of that in China

(WRI, 2000).

Figure 1. Growth of energy, electricity, emissions and the Indian economy
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Source: Govermnent of India, Ministry of Finance. Economic Survey (1990-1998).
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L1 Growek trends in capacity and generation

Growth in power peneration capecity (figure 2), which increased by almost sevea folds
between 1970 and 2000, was accompanicd by a greater diversity of technology mix
(CMIE, 1990 10 2000). The present capacity mix (2000) includes a substantial share of
coal (61%) and a significant but declining share of large hydro (24%). Almost all the coal
plants use sub-critical pulverized coal technology. Gas based power, which has come up
mainly during the nincfics, has gained an 8% share. Nuclear power has 2% share and
rencwables around 1.5%. In the last decade, genération capacity grew at 4.4% aomually,
whereas electricity generation has grown at 7% due o impeoved plant utilization (CMIE,
2000). Thete bas been a decline in the hydro-thermal ratio for power generation. Thermal
power share expanded duc w0 shorter lead time relative fo hydro plants, increasing
opposition o large hydro projects on social and environmental grounds snd higher
polificil risks of hydro projects due %0 inter-state disputes on power and water sharing.
This his added 10 the peak power problesn. India has a hydro posential of 34 GW and only
about one third of it has been exploited so far (CEA, 1997).

Gas-fired power has grown from almost nothing 10 one-twelfth of total generation in the
last decade (CMIE, 2000) duc to the low risk associated with lower capital requirements,
shorter construction periods and higher efficicncies. Compared to the use of coal for
power generation, gas usc has much lower enviroumental Empects. With increase
private participation in the power sector, plants are being built in coastal arcas wear ports
with terminals capable of hamdling iqueficd natursl gas (LNG). However, inland wee of
imported LNG remains expensive compared %o coal, 50 natural gas is competitive i these
regions omly if transported by pipeline directly from the production fickd, Nuclear power
contributes less than 3% %o fotal gencration from India’s ten maclear reactors. There has been
a considerable improvement in capecity factor of these plants during the last five years and
they now operate above 80% as compared o 60% earficr (http://www.npcil.org). Rencwables
have a smail share in the capacity presently. However India has a significant program 10

support rencwable power targeting 12 GW by 2010 (http-//mnes nic.m).
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Figure 2. Power Generation Capacity
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1.2 Energy consumption

Electricity -generation has the largest share in the primary energy consumption in the
country with 40% of primary encrgy and 70% of coal use (CMIE, 1999). Despite
enhanced competition from (}'thcr fuels, coal remains the mainstay of power generation,
Domestic availability helps coai to retain competitive advantage over imported fuels that
have associated risks from fuel security and exchange rate uncertainties in the long run. A
. sizable infrastructure of mining and manufacturing industries and transport has evolved
around the coal-based power. But lately, certain factors have influenced the investment in
power gencration to shift to other fuels. The slow additions to domestic coal mining
capacity, inadequate coal transportation linkages, relaxation of fuel imports and
investments by international power companies who import own fuel needs have been
responsible for a preference to gas. This shift has been enhanced by the low risk
associated with gas-fired power: it enjoys lower capital requirements and shorter

construction periods. Gas based generation has high operational efficiencies and reduced
environmental impacts. The long term power purchase agreements, which are based on the
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cost plus principlc and opcrating cfficiency incentives, bave also aided penetration of gas
based power.

1.3 Groweh in captive power

Faced with an unreliable external power supply, many encrgy-intensive industries such as
aluminum, steel, and fertilizer have invested in on-sitc power generation, which is growing
at an annual nate of 8% (CMIE, 2000). Captive power gencration has grown from about
1.6 GW in 1970 to almost 14 GW in 2000 with almost half being coal based. Many
captive generating plants have excess capacity that could supply power (o the grid givea
the right policy incentives. Some steps have been taken in this direction regarding
wheeling of power and allowing third party sale.

1.4  Transmission and distribution sysiem

Transmission and distribution (T&D) losses now amount to over one-fifth of gemerated
electricity (CMIE, 2000). Commercisl losses on account of thefi, non-mescring and non-
billing account for sbout onc-quaricr of these losses. Government still mainting
monopoly over power transport. Power quality suffers from widening frequency and
operations, and predominance of low voliage lines (Jow fo high kine ratio is above 16) aad
viability of state owned power ansport systein resulting in a persistent lack of fonds for

LS IWWJMnJﬂm

The country is divided into five regional grids with very little trading among the regions.
Regional distribution of power generation in India varies significantly due % uneven
electricity demand and endowment of resources across the country. Balancing economic
advantage of transporting fucls versus transmission of electricity has therefore remained
an important issne before national planners. There are opportunitics for latier through
regional grid integration, which will help in power supply from surplus to deficit regions.

This will help reduce T&D losses, peak shortages and overall capacity requircments by
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better load management among regions, Despite co-ordination, financial and technical
bottlenecks, grid strengthening is already underway with plans for completion of the
national grid by 2012 (CEA, 1999). Power trading with neighboring countries like Nepal,
Bhutan, Pakistan and Bangladesh is also assuming increasing significance (IE, 19992 and

2000a).
1.6 Electricity consumption trends

The sector consumption profile has undergone substantial change in past two decades. The
agricultural and household sector consumption has grown over 12% annually while total
power use grew at 8.6% (figure 3). Industry’s totaf share of power use over the period
therefore fell from almost 60% to just under 45% (TEDDY 1995/96 to 2000/01). The
phenomenal rise in energy consumption from agricultural activities is due to greater
irrigation demand by new crop varieties, very low price of electricity for farmers, and

booking some T&D losses as agriculture sector consumption to show better T&D

performance by state utilities.
Figure 3. Final electricity consumption by sector
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1.7 Electricity cests and sariff

The electricity tariff strocture in India i the main cause of investment disincentives and
widespread demand side incfliciencies. Average tariff has remained below the average
cost of supply by almost 20% resulling in a net dmin on public funds (TEDDY, 2000/01)
(Table 1). The gap mamnly arises from subsidized rates to agricultural and domestic
consumers. In 1997, the clectricity subsidy %0 sgriculture and domestic sector consumers
amounted #0 over Rs. 200 billion which was equivalent nearly 1o half of new investments
m clectricity sector in that year (TEDDY 1998/1999). Nearly 30% of this subsidy gocs &
agricultore with industrial consumers cross-subsidizing balf of the total subsidy. The
abnormally high rates for industrial consumers erode their competitiveness. Esly
rationalization of the tarifl structure should therefore be an important agenda of the reform

process.
- Table 1. Average cost of power supply and tariffs (at 2000 prices)
Year Cost Tarifl Gap Tarififcest ratie
{Re/KWh) (Rs/KWh) (Rs/KWh)_
1990 2.19 1.63 0.52 0.75
1994 219 1.72 047 0.78
1997 241 193 0.47 0.80
2000 181 208 0.73 0.74

Sowurce: TEDDY, 2000/2001.

1.8  Emvironmental Concerns

Amﬁuofmimlomm:mmhhdwﬁhmmihhm
mostly with coal and large bydro projects. Over e past three decades, serface mining of
coal has incressed in India. Poor mining practices have caused significant deforestation,
land degradation and contamination of water bodies. While reducing the dependence on
dynamics in coal producing regions of India. The rovenues of states like Jharkhand, Bibar,
Orissa, Madhya Pradesh and Chhatisgarh, which supply almost 70% of India’s coal,
depend considersbly on the royaltics camed from coal extraction. These regions sre also
among the poorest arcas of the country with coal mining bemg a major source of
employment. Any major shift away from coal will have serious socio-economic
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implications for these regions. Ironically coal mining has also remained the major source
of land degradation and deforestation in these regions. GHG mitigation choices have to
take into consideration all these aspects to be consistently integrated within the long- term

sustainable national development strategy.

Coal vsed in Indian powér plants has an average ash content of 40% (ESMAP, 1998;
Biswas, 2000). This coupled with low combustion efficiencies of around 33% generates

' Jarge amounts of ash, particulate, sulfur dioxide (SOz), nitrogen oxides (NOx), carbon

dioxide (CO,) and heavy metals. Social and environmental impacts of hydro projects have
been a cause of major controversies and have lead to massive delays in project completion.
Dam construction has caused resettlement and rehabilitation problems (CBIP, 1998b).
Managing environmental and social impacts has therefore drawn considerable attention in

policy-making, project development and operations.

1.9 Institutional structare

Government has assumed a predominant rele in electricity supply, with more than 50% of
the generation under the state electricity boards (SEBs) (CMIE, 1999; CEA, 1995b).
There are a few central utilities like National Thefmal Power Corporation (NTPC) and
National Hydro Power Corporation (NHPC). SEBs in particular are wide open to political
influence and tariff distortions. Their performance is far from satisfactory, with most of
them making huge losses. Recent power sector reforms are aimed at changes in the
institutional structure. Rising power shortages, declining efficiencies, poor “financial
performance and investment shértfalls spurted the reform process. The accompanying
institutional changes can be broadly categorized imto- corporatization of SEBs, private
sector participation, unbundling and reguiatory changes.

Corporatization is expected to increase professionalism, reduce political interference and
financial accountability. The Regulatory Commissions Act set up the Central Electricity
Regulatory Commission (CERC) in July 1998. The proposed functions of CERC include
proposing tariff for central government owned utilities and other genecrating companies
selling power to more than one state, reguiate inter-state transmission, aid and advise
central govemment in tariff policy and arbitrate in disputes between generation and

transmission entities. Regulatory changes have also been undentaken by the states with
10
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most of the stalcs having aleady set up or in the process of sctting up SERC (Staikc
Electricity Regulatory Commissions). Its functions include tasiff scifing, regulate power
purchase and procurcment for transmission utilitics, investment, approval and arbitration
of disputes, issuc of licenses for T&D and regulating working of licensces, setting quality,
continuity and reliability standards and promotion of competitiveness and private secwos

2 Pewer sector future

The fotare assessment of indian power sector is based on the curvent official policies of
the government and expert forecasts of macro-economic, demographic and encrgy sector
imdicators. It does not atiempt to precisely predict the future course of the Indian power
sector; R rather indicaies gencral rend under business-as-usual scenario. The reference
case is  dynamic representation and inchudes many pro-environmental measures, such as
structural changes in the Indian economy, fechnology improvements, increased penciration

- of cleaner technologies and fuels, development of renewable encrgy, and adoption of end-

of-the-pipe cnvironmental technologies (e.g. flue gas de-sulfurisation). Some of these
measures arc already visible on the ground and the reference scenario mercly assumes the

dynamics to proceed as usual in future.

2]  Methodology

Themlympmnmledbaespmfowdmadsmdmlmmmda
hmmmhmﬁ'mhqﬂme{m
conunitments on [ndian power sector fw!—bd:nhy mix, cabor ensssions, power
mﬂk.mmmdm:gdwmmmdys
Mmmmofhmumwofmwmmmm
supply side. Thercfore an integrated modeling framework for Indian economy, cnergy,
electric power and emissions analysis s used (Garg et al, 2001). This framework has throe
modules integrating ten independent models; the top-down models, the botiom-up models
and other models (figure 4). The models are soft-linked through consistent and similar
assumptions for all the models, a shared database and talking between the models.
Multiple feedback is required among the models 10 ensure consisiency of results and

pohicy amalysis. For the present analysis, we mainly use the results from the bottom-up
H




module (figure 5). ) integrates five individual models:

i)  MARKAL - an energy systems optimization model (Berger et al, 1987, Fishbone
and Abilock, 1981; Loulou et al., 1997) which is used for overall energy system
analysis,

i) AIM/ENDUSE model (Morita et al, 1994; Morita et al, 1996; Kainuma et al, 1997)
which is a sectoral optimization model used to model fourteen end-use sectors,

iiil A demand model which projects demands for each of the thirty seven end-use

services,

iv)  Stochastic MARKAL model for uncerfainty analysis,

v)  Power sector linear programming (LP) model for regional analysis.

2.2 Reference scenario results

Reference scenario analysis shows that the a) India carbon emissions continue to rise from
212 to about 740 million tons of carbon between 1995 and 2035. The emissions grow very
rapidly in the shori-term, at an annual average rate of four and a half percent in the next
decade. The growth rate slows down in the medium term (3.5 percent between 2010 and
2020) while in the long-term it declines to an annual growth rate of about 1.7%. Power
sector emissions also grow at the same rate,i maintaining a steady share in the total

emissions at about 45 percent.

In the reference scenario, while the economy grows about 6 times in the next 35 years, the
demand for electricity grows by only 4 times resulting in a decline in the elasticity of
electricity demand from more than 1 at present to about 0.65 in 2035. The growth in the
demand for electricity outpaces the growth in energy demand in the economy. While there
is a 60 percent decline in the overall energy intensity in the next 35 years, the electrical
energy intensity declines by only 25 percent. The decline in the efasticity of electricity
demand is due to advancements in technological stock, structural changes in the economy,

changing consumption patterns, and demand side management interventions. The per

capita electricity consumption becomes three times the present value in the next 35 years,
but still remains at about one-fifth of the present per capita electricity consumption in the
" United States. The power generation capacity increases by 1.5 times in the next 10 years,

doubles in the next twenty years and reaches more than three and a half time (395 GW) the
12



present capacity in 2035. Improvements in the performance of geaeration technologics
cause the cleciricity generation lo grow at a faster rate than the capacity. The average Plani
Load Factor (PLF) of base load generating plants increases from abowt 60 percent st
present to more than 70 percent in the next 35 years duc to advancements in techaologics,
improvements in operation and management practices, better grid management practices
leading o higher grid availsbility, and increase in fuel supply reliability. Some specific
insights for the technology mix are provided below.

Coal: Coal dominates in the long-term futare generation capacity mix, but its ase becomes
more sustainable with clean coal technology penctration. The coal capacity share declines
but improvements in its performance enables it 10 maintain a high share ie gencration.
Advanced coal technologies like Super-critical Pulverized Coal (PC) technology and
Intcgrated Gasification Combined Cycle (IGCC) penciraie in the medium (2020) snd Jong-
m(2035),bulﬂmromllslwe-thceoalmmmm 10 percent even
-2035. ConmuomlSnbcrmlPCuchologymmﬂtheGuDuﬂfum
, (FGD)umﬂ.bwmnghmlpolhuNmﬁmwdmphmm In
the medium term, around ten percent of the Pulverized cosl plants are fited with FGD,

with their share increasing to as high as 60 percent in the long-term.

Natural Gas: There is an already cxisting peak demand gap in the power sector
Advancements in gas technologics and rapidly rising pesk power requirements increase
gas penciration in the medium term. The low investment costs for plants employing
combined cycle gas turbine (CCGT) wchnology, coupled with high comversion
coal at locations far away from the pithead (example, coastal locations) where inadequate
implications for increasing usc of natural gas, as most of the gas requirement has o be
supphied by imports due %o limited domestic reserves. The gas pipeimes from Oman, Iran
and Turkmenistan have been under consideration for quite sometime now. The recent gas
findmgs in Bangladesh could also find 2 natural market in India_ In this context, building
of gas supply infrastructure like development of ports for imported compressed natural
gas, and sctting up of reliable and secure transnational and domestic pipeline networks are
important issues for India. The foreign exchange requirements for total natural gas imports
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in 2020 is projecied o be about USS 10 billion*, with the power sector having a 50 percent
share in the total consumption. Gas penetration slows down in later periods (beyond
2020), due to lowering of the growth rate in peak demand due to better load management
practices and increase in system reliability due to large peak reserve capacity build up.
Beyond medium-term, gas share fowers in base load generation with rise in natural gas
prices and increasing competitiveness from coal technologies due to advancements in their

technological stock and better operating and management practices.

Nuclear: At present, nuclear power plants in India operate at very low capaclty utilization,
mainly due to highly unstable grids that necessitate very frequent shutdowns. The
competitiveness of nuclear power plants is very sensitive to the plint load factor due to a
very high fixed cost component and low variable'costs. Expectations about improved
performance of nuclear plants due to indigenous technological advancements and better
grid management practices ieadmg to substantial mcrease in their capacity utilization
increase nuciear penetmuon ﬁ'om the present-2 1o 5 percent in the long-term There is a
| nine-fold increase in its capacity in the next 35 years, with socio-political and
environmental considerations restricting further capacity increase.

Large Hydro: Large hydro capacity doubles in the next two decades, and reaches about 90
percent of its present estimated economic potential in 2035. Despite the high
compet:tweness of large hydro technology, its share is restricted to- about one-fifth in the
total capacity duc fo the large risks associated with hydro pro}ects caused by long
gestation periods, uncertainties in sitc identification and testing, socio-environmental and

political constraints.

Other Renewables: Capacity of other renewable technologics including small hydro,
cogeneration, biomass based power generation, wind and solar increase their capacity by
more than three times in the next decade with a three and a half percent share in the
capacity mix from the present [ percent. In the long-term, their capacity share increases to
6 percent. Among these renewable technologies, smali hydro, cogeneration and biomass
technologies are highly competitive and penetrate rapidly, mainly as decentralized power
options. Penetration of wind based power generation in the initial years will depend upon a

' The cost of infrastructure is not included in it. Al cost figures in this paper are in 2000 prices and assume

an exchange rate of Indian Rs.47 per US $
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technology push policy, targeted at atiracting investments, development and strengthening
of local manufacturing capabilitics. These push policies in initisl years, will cnhance
technology competitivencss in the medivm and long-term. Intermalination of the
environmental costs associaled with fossil fuel based power generstion will give wind a
in the medium term due 1o capacity building through demonstration projects that enbance
lcaming experiences, but long-ierm penctration will depend largely on isernational
reduction of costs, lowering of their capital intensity and establishing institutions for co-
operative R&D and technology transferss.

3 Carbon mitigation scenario analysis

India does not have any GHG reduction commitments presently. However rising emission
trends necessitate an understanding and analysis of policy induced mitigation measwres
such as carbon, emission reduction commitments and carbon tax. These policics prompt
techmology and fuel substitution by changing the relative costs of competing fuels in favor
of those with lower carbon contents.

Climate change occurs due 1o incresse in cumulative GHG emissions over long ren (SAR,
1996, 1996a). Carbon mitigation targets should therefore be based on cummlative mitigation
Cummulative carbon emissions in India arc estimated at around 20 billion woms (BT)
between 1995-2035 wnder the reference scoamin. A 5% cummistive carbon reduction
amounts $o about one BT carbon mitigation in forty years. We analyze the impact of
cumulative carbon mitigation commitments of 5, 10, 15, 20 and 25% (that is 1, 2, 3, 4 and
5 BT respectively). These are termed as Jow, moderate, high, extra high and excessive
(table 2). The marginal cost of carbon is a model output and it indicates the optamum
carbon tax trajectorics as MARKAL spreads cumulative mitigation acyoss years and
sectors in a cost-effective manner. '
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Table 2: Carben Mitigation Scenario Assumptions

Mitigation | Cumulative mitigation over Reference case | Cumulative carbon

scenario (1995-2035) emissions 1995-2035
- Percentage mitigation | Billion ton of carbon | (Billion ton)

Reference 0 0 20

Low 3 1 19

Moderate 10 2 18

High 15 3 17

' Extra hl& 20 4 16

Excessive 25 5 5

Carbon mitigation in India is complicated by the fact that India has large coal reserves, but
limited oil and gas reserves. The substitution away from coal will make the country
dependent on imporied encrgy, which has energy security implications. While India has
experience with emerging renewable technologies, the capital and foreign exchange
constraints are likely to restrict a shift away from coal, unless the economic and fiscal

policies to relax these constraints are instituted.

Carbon mitigatioh would requue technological transformation of Indian energy system. Tlus
will need investments in infrastructure to support new technologies, and reforms to remove
the barriers for penetration of advanced technologies and cleaner fuels. Societies with strong-
reduction commitments would therefore have to start thinking differently. These are
captured through different sets of assumptions for each mitigationr scenario, as compared
to the reference éase in the model. For example, in the Excessive mitigation scenario, the
average transmission efficiency for electric power in Indla in 2035 improves to 93% (as
against 88% in the reference case), the technological gaps "in various sectors between best
international practices and India reduce faster, and natural gas supply increases at higher

prices.
3.1  Energy consumption and emissions

Some important results for the Indian energy system arc indicated in table 3. Inertia of
existing technological stock in the energy system prevents significant fuel substitution till the
year 2010 for meeting carbon mitigation targets and coal continues to dominate the energy
system. However coal consumption declines drastically in the long-term for meeting high

mitigation targets. Decline in gas consumption in medium and long term in high and
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targets. Comparing SO, elasticity of carbon emission redaction scross mitigation soenarios
also reflects this. It first increascs and then reduces for each carbon mitigation target since
gas emiits no suifur while biomass emits sulfur.

Table 3: Results of climate change policy scenarios for Indian encrgy system
Parameter Lew Moderate Excessive
2010{20202035]2010! 2010]202012035]201012020] 2035
I (S%change)#| -2 | -5 |-24] 4 1-17]-38] 9 [27]-51|-20] 47] -90
[Gas (Y% change)# | +1 | +3 [+19] +1 [+10]+14] +1 |+18] 9 |+02|-08]-17
Carbon (MT) 398|549 [ 658 | 386 | 5181606 [ 377 [ 486 | 529 | 362 | 431 | 394
SO; (M) - ]6.2217.65[6.3516.09]7.11]/5.66]5.87{628]42115.48]53513.09
SO elasticity *  11.27]1.2071.13]0.90]1.22)1.21]1.11[146[ 143|130 1 36| 1.23
MC ($4C) ** SjHMajwinj2r{est23iarinslarjssijom
# Percentage changes over the reference scenario consumption
‘Ehsﬁcityofsozwdncﬁmwiﬂnwpeuwwbonmmmwmmnuem)
** Marginal Cost indicates carbon tax ($/4on carbon)

As power sector has a very targe share in the total energy consumption and has almost 50
percent confribution in the total carbon emissions, its coergy and technology mix is Ekely
to be altered under carbon mitigation targess. Figure 6 shows the power sector carbon
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Figurc 6: Power sector carbon emissions

400
350 + /;

-

Carbon MT)
2

0 + T T F T ¥ T
1995 2000 2005 2010 2015 2020 2025 2030 2035

—¢— Base —a—1BT -—a&—2BT
—»— 3BT —--—- 4BT -—a— SBT

3.2  Demand and supply side micigation dynamics

Analysis of carbon mitigation scenarios provides some useful insights regarding eriergy
supply and demand side contributions to emissions reductions (tabie 4). In the early periods
(2005-2015), the demand sectors show more flexibility than the supply side by
contributing more to carbon emission reduction since end-use demand sector technological
stock turnover is faster due to their relatively shorter lifetimes”. But in later periods, the
supply side contribution increases, finally reaching a three-fourth share in the totat
mitigation in 2035. These, however, include emission reduction due to lower power
goneration requircments as demand side energy efficiencies improve. The inertia of supply
side technology turnover is due to their much longer lifetimes, high investment
requirements and longer gestation period for infrastructure development. The supply side
mitigation options are primarily associated with fuel switching from coal to natural gas.
Long-term options include penetration of carbon-free technologies like nuclear and

renewable technologies. Judged from a market perspective, there are large inefficiencies on

2 The demand side includes all end-use demand technologies that consume clectricity like electric arc
furnace for steel making and fluorescent famps for lighting. The supply technologies are the electricity

gencration technologies.
18
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the demand side duc to capital shortapes, nisk, high transaction costs and wesk fanancial
markets. The supply side is betier organized and has lower inefTiciencics.

Table 4: Power Secter contribution in Carbon Mitigation

Scenarios Parameters 2010 2020

Low (1 BT) Carbon mitigation (MT) 3 11
Share in total mitigation (%) 37

Demand side contribution (%) 31

Supply side contribution (%) 69

High (3 BT) Carbon mitigation (MT) 15

Share in total mitigation (%) 52

Demand side contribution (%) 45

Supply side contribution (%) 55

1 25

58

46

54

Excessive (5 BT) | Carbon mitigation (MT)
Share in total mitigation (%)
. Demand side contribution (%)
g Supply side contribution (%)

(133N 7z x|l [

AR RN FY PRI NI

Supply side contribution increases in the medium and long werm with retirement of
existing capacities and progressively new capacity built up. Table 5 shows the tochaology

There are no significant changes in the supply tcchnology mix in the shori-tonm (2010)
results in 8 20 percent decline in the coal capacity in the short-term with higher shares of
natural gas and other rencwable technologies.

hﬁeme&mhmﬂ&ﬂlmhﬁehdndogymmmd—dyby
Wmorpmmmbwmmm
thaBﬂMmmwﬁmwm&wM
doubles over the reference scenario. Moreover, there is a 45 percent increase in lape
hydro capacity, thereby increasing its share in the generation capacity mix o about 29
percent.

In the Jong-term (2035), carbon mitigation causes significant alierations in the technology

mix. Coal substitution takes place by lmge increases in the shares of carbon free

technologies like large hydro and nuclear, especially in the high and excessive carbon

mitigation cases. Cumulative mitigation of 5 BT carbon causes around 90 percent decline
19
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in the coal capacily compared to the reference scenario in 2035. Large hydro capacity :
increases by about 80 percent over reference, thereby contributing over one-third in the
generation capacity mix, while nuclear rises by a staggering 125 percent that brings its

share in the capacity mix to 13 percent (table 5). :

Table 5: Technology shares in generation capacity (%)

Technology Scenario | 2010 | 2020_] 2035

Coal Reference scenario 57 51 49

Low mitigation scenario (1 BT) 57 49 39

| High mitigation scenario (3 BT) 54 41 28
Excessive mitigation scenario (5 BT) | 51 32 7

Gas Reference scenario 13 17 20

‘ Low mitigation scenario (1 BT) 13 18 24

High mitigation scenario (3 BT) 13 22 27

Excessive mitigation scenario (5 BT) | 14 23 32

Hydro : 1 Reference scenario 21 21 19

[ Low mitigation scenario (1 BT) 21 21 21

- | High mitigation scenario (3 BT) 22 23 26

; _{ Excessive mitigation scenario (5 BT) | 23 29 32
Nuclear Reference scenario 3 4 5
’ Low mitigation scenario (1 BT) 3 4 7
High mitigation scenario (3 BT) 3 /5 |8

Excessive mitigation scenario (5 BT) |3 5 13
Other Renewable + | Reference scenario 14 5 6
Low mitigation scenario (1 BT) -4 6 8

High mitigation scenario (3 BT) 5 7 10

4 Excessive mitigation scenario (5BT) | 7 10 . {I5

+It ;nc}udes small hydro, wind, biomass, cogeneration and solar leclmolog,res
Note: The percentage shares in the table do not add up to 100 as the remammg 15

accounted for by oil based generation i s
3.3 En;rgr consumplion

Carbon mitigation targets cause substantial changes in the power sector coal and gas
consumption (table 6). Coal consumption declines drastically in the long-term for meeting
high mitigation targets. Decline in gas consumption in medium and long term in high and
excessive carbon mitigation scenarios is due fo increasing penetration of carbon free

technologies like renewable and nuclear to meet the mitigation targets.
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Table 7: Electricity supply cost in carbon mitigation scenarios (Rs./kWh)

Scenarios 2010 2020 2035
Low carbon mitigation 2.02 2.18 2.07
% change® 3.5) 7.9 | (27.2)
Moderate carbon mitigation 2.03 222 2.18
% change (4.4) {9.8) {34)
High carbon mitigation 226 252 2.38
% change (15.8) (24.4) (46)
Extra high carbon mitigation ' 2.32 2.74 2.57
% change (19.2) (35.3) (58)
Excessive carbon mitigation 2.52 2.92 293
% change (29.6) (44) (80)

* This refers to the percentage change over the reference scenario cost

4 Conclusion and Recommendations

" This paper outlines the long-term carbon mitigation issues in the Indian power sector and
their policy implications. ‘The important conclusions and rccbnunéndatioﬁs'are_highlighted

below.
The Global greenhouse gas agreements that are likely to initiate the setting up of a global

carbon market would have implications on India's energy system. India's participation in
the global carbon market will depend upon the mitigation costs and the global carbon

prices, i.e. participation possibilities arise only when the marginal benefits are greater than

the marginal costs. At a global carbon price of 10$/C, low mitigation trajectory would be
optimal and under 20$/C price, moderate mitigation trajectory would be optimal. The
contribution progressively reduces under higher mitigation targets as the revenue falls
below the costs, assuming a steady global carbon price of 20$/tC.

Power sector has a significant contribution in the overall energy sector emission
mitigation. Following the long-term optimal carbon mitigation trajectory alters the
competitive dynamics of the power sector. In the short-term, end-use demand sectors offer
more flexibility for emission reduction than power generation as a result of lower lifetime
of the technologies and large scope for technology advancements due to existing large
inefficiencies in the demand side. Improvements in efficiencies of electricity consuming

demand side technologics in industries, residential, agriculture and commercial sectors

22

jol



~~

along with transmission and disiribulion efficiency improvements offer substantial
reduction potential by lowering the overall gencration requirements. In the modium and
long term, clectricity generation contribution increases duc 10 substantial shifis n the
encrgy and technology mix. Gas and rencwable techaologics substitate coal in the awedium
term, while in the long-tcrm, there is high penctration of carbon-free tochnologies like
large hydro and nuclear. A hedging strategy, therefore, is 0 keep the enevgy and

india has gained conmsiderable experience in operation of conventional coal technologics
such as Sub-critical Pulverized Coal (PC) technology. However barricrs remain in the
adoption of some advanced coal technologies like Super-critical PC technology that has
high technical and economic potential, but low market deployment potential. | is in wide
commercial application in other countrics of the world. The deployment and lmrge-scale
commercialization of this technology in India will lmgely depend on institational and
public support with government measures in the initial stages of sechnology penctration
traming programs. Along with these, removal of certain techmical barriers, Bke
maintaining high quality fuel supply, nceds ® be ensured. But for deployment of moch
advanced technologies like Integrated Gasification Combined Cycle (IGCC) that has kigh
technical potential but Jow degree of commercial applications in other countries of the
workd, strong push policics will be necessary in carly years along with infornaation

- exchange programs among countries. The long-ferm penctration will depend om

expectations on realization of the cconomic and market deployment potential of the
techmology in integration with its techmical feasibility. Some of the bamiers m the
penctration of rencwable encrgy technologies are lack of existing infrastructure, relative
maintainability, and a need for cconomies of scale associsted with compoment
manufacture and deployment techniques. Rencwable encrgy technologies can operate m
robustness and flexibility. The penciration and application of rencwable enagy sowrces
like Solar PV technology with low economic and market deployment potential will be
dependent on infernational co-operation. Progress is contingent upon successful policy
integration and improvements achieved through R&D in order to lower capital costs and

enhance systemn capability.
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Carbon emission mitigation leads to rise in electrif:ity costs, especially in the long-term.
India’s participation in the global carbon mitigation regimes, with a cumulative carbon
mitigation target of 2 BT during the period 2005-2035, leads to about 10 percent increase
in the supply cost in the medium term and above 35 percent in the long-term. Higher
mitigation requirements can result in more than 50 percent increase in the clectricity
supply cast over the reference scenario in the Jong run due to penetration of costly carbon-
free technologies. Policies targeted at recycling the revenue generated from emission
reductions, back to the sectors contributing in emission reduction can assist in lowering of

mitigation costs and ensure the sustainability of the regime in the long-term.
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Figure 4: Soft-lnked Iutegrated Modeling Framewerk
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SUSTAINABLE PRACTICES FOR CONSTRUTCION SECTOR IN INDIA

L. Introdection

Construction sector is the driving force behind the economy. Building materials are
closely linked with the construction sector, whether they are needed for infrastructure,
housing, trade or development projects like irrigation, hospitals or schools these sectors
represent aspiration of individuals, oonununmes, and societics backed (or hmdered) by

government policies.

The relative importance of construction in the Indian economy can be assessed by the fact
that around 36.5% of gross domestic investment in 1996-97 is accounted for by the
construction sector. The share of construction sector in the GDP in india was around
5.6% in 1996-97 and is projected to grow to 7.4% upto 2005-06 (NICMAR, 1998).
Construction is an important component of invesiment in many other sectors.
Construction sector is strongly linked with house construction, road coastruction, post
and waterways, airports, railways, construction of canals and irrigation sysiems and so
on. Each of these activitics has a very different range of building materials requirements.

Some of the building materials (BM) required for construction arc energy intensive. An
associated issue with the high-energy intensivencss of ‘building materials is the high
volume of ecmissions that are relecased due to the buming of fossil foels in the
manufacturing process of these building materials. An economy-wide analysis by Parikh
et al (1995) on sectoral CO; (carbon dioxide) emissions using an input-output table based
modeling approach for India shows that construction is the largest CO,-emitting sector by
final demand with its share of around 17.0% when direct and indirect emissions arc

considered.
2. Overview of the Construction Sector (CS)

Why do we need to Jook at this secior in detail in the context of greenhouse gases
(GHG) emissions? First, because of its high share in most investment and infragtructure
projects. Second, it requires encrgy intensive materials. Third, it is also highly GHG
intensive in terms of overall magnitude. We now see cach aspect in detail below.

Table 1 shows how important is the construction component in every sector of the
cconomy in Indta. Obvicusly, housing, roads, commercial buildings have 100%
component as they are synonymous with CS. The share of CS in irrigation, highways,
nrban development such as water supply and so on is 70 to 80%. Even scrvice oriented
sectors such as tourism, civil aviation, posts and railways have high shares of CS rmiging

from 40% to 60%.

Table 1 presents the construction component of the investment in various sectors of the
economy.



Table 1: Construction component of investmenf in key sectors

Sector Construction as % of total
Agriculture 34
Rural development, Poverty alleviation 40
| programmes .
Irrigation and flood conirol 80
Environment and forests 60
Power (hydro, thermal, nuclear and others) 50
Housing 100
Roads and buildings 100
Highways and waterways 80
Ports, docks and lighthouses . 50
Railways : 42
Communication, information and 40
broadcasting
Industries : 30
Mineral and mining 42
Education and culture 25
Social welfare - 30
Health _ 37
Urban development, water supply, 70
sanitation, city level services
Civil aviation 42
Tourism, hotels and hospitality industries | 60

Sources: NICMAR, 1998 and Our estimates

Table 2 shows energy requirements of building materials in the units of megajoules (MJ)
per kg. These are very high for Aluminium, Plastics, copper and steel. The table also
gives materials with low energy contents. Moreover, construction sector is aimajor

‘providers of employment ar

" Table 2: Energy requirements of building materials

Materials A | Primary energy requirement (MJ/Kg)
Very high energy

Aluminium 200-250
Plastics 50-100
Copper . 100+
Stainless steel _ 100
High energy

Steel ' 20-60
Lead, Zinc 25+
Glass 12-25
Cement 5-8
Plaster board 8-10




Lime 3-5
Clay bricks and tiles 2-7
Concrete

In situ 08-15
Blocks 0.8-3.5
Precast 1.5-8
Sand lime brick 0.8-1.2
Timber (sawn) 0.1-5
Low energy

Sand, aggregate <0.5
Fly ash ‘ <0.5
Soil <0.5
Mud blocks <0.2

Source: Building materials in India: 50 Years - A commemorative volume, edited by T.
N. Gupta (Building Materials and Technology Promotion Council, New Dethi, India,

1998).

Using input-output table for 1989-90, Parikh et al (1995) showed that when the divect and
"~ indirect emissions are considered construction was the most carbon-intensive sector in
the economy as it required energy intensive building materials such as aluminium, steel,
bricks, glass, cement, plastics and so on. It is for this reason that we undertake a special

- study on construction scctof.
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3. Methodology

The objectives of this paper are two fold (I} {o estimate the future requirements of
building materials (it) to analyze the possibility of substitution among building materials

towards less emission intensive materials.
We have adopted the following procedure:

Step 1: We project the total construction investment based on the data from NICMAR
(1998) and India Infrastructure Report (1996).

Step 2: We project key building materials based on their current trends.

Step 3: We estimate the relative shares of key construction components and use them to
estimate the share of different construction activities.

Step 4: Using our technical models (Tiwari, Parikh and Parikh 1999 and Tiwari, 2001)
we project the building materials requirements for new construction.

» Step 5: Finally we estimate the possibilities of reducing emissions by substituting
alternative techxﬁqu’gs. _

As a first step we estimate the value of proposed construction, which is given in Table 3
based on a simple line projection of the data from NICMAR (1998). The table indicates

that the construction investment in 2000-01 is Rupees 1669.9 billion and will grow to
Rupees 4073.3 billion at current prices.

Table 3: Annual estimated value of proposed construction (Billion Rupees)

Year Value of construction *Value of construction

(Current prices) (Constant prices 2000-
01=100) L

2000-01 1669.9 ' 1669.9

2001-02 1842.7 - 1738.4

2002-03 2035.2 1817.1

2003-04 2250.1 1906.8

2004-05 2490.3 2008.3

2005-06 2759.1 2122.4

*2006-07 3060.4 2250.3

*2007-08 3366.3 2370.6

*2008-09 3703.0 . 12502.0

*2009-10 4073.3 2638.1

Source: India infrastructure report, 1996

NICMAR, 1998

*Based on our estimates.
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Table 4 presents the share of differen! construction activities in tolal investment for 1995-
96. We have assumed that the share of different activities would remain same tilt} 2009

10.
Table 4: Share of various construction activitics in total construction investment in 1995-
% .

Sectors
Housing 50%
Urban services, Electricity, Gas and Water stmp!y 24%
Industrics 10%
| Highways 6%
Railways 4%
Ports ) 1%
Telecommunication 4%
Others 1%

Source: Our estimates

TﬁkSmmmlnmméwmmwmwwﬂn
shares of table 4.

Table 5: ijectedmwﬁoninvestmmlinmiomm

{Billion Rupees, at 2!!)0-01 Constant prices)

Housing Industries | Highways { Railways | Ports | Tclecom | Others

SEIVICLS

2000-01 835 401 167 100 67 17 (14 17
2001-02 870 a7 174 105 70 7 70 7 |
2002-03 909 436 182 109 iz 18 72 18
2003-04 953 458 191 114 76 19 76 19
2004-05 1004 482 201 120 78| 20 78 20
2005-06 1062 509 212 128 85| 22 85 22
200607 1126 540 225 135 901 23 90 3
2007-08 1185 569 237 142 o5 24 95 24
2008-09 1251 601 250 150 100] 25 100 25
2009-10 1323 635 264 158 106 | 27 106 27
Source: Authors estimates

To project the building materials requirements we use the projected value of construction
as given in Table 5 as the upper limit of construction investment in that sector. We
translate this investment into the construction activity that can be carried out and finally
estimate the requirements of building materials under the Business-As-Usaal (BAU)
scenario. We will focus on the housing, highways and industries, which together
constitute 66% of the construction activity in India. We overview the existing sectoral
features and Government policics and try to match up the policies (projected construction
targets) with the projected investment of table 5, with table 4 as the upper bound. The
results of the BAU scenario are presented in the section 2.

5
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4 BUILDING MATERIALS REQUIREMENTS UNDER BUSINESS-AS-USUAL

4.1 HOUSING

4.1.1 HOUSING SECTOR IN INDIA

The aggregate picture of the housing situation in India can be judged from the relative
quantitative and qualitative :mprovement in the total residential houses, vis-a-vis the
household growth rate during 1981-91 From the data presented in Table 1 it is seen that
the growth during 1981-91, in' the total résidential houses, has been higher than the

household growth overall and separately for rural and urban areas. Quahtatwely also the
dwelling units have exhibited significant improvements. The proportion of pucca’ houses

" has gone up significantly both in rural and urban areas almost by 8 per cent during 1981-

91.

Despite the quantitative and qualitative improvements in housing stock in India, the
housing shortage persists. The Planning Commission (1992) estimates the housing shortage
in 1991 at 18.5 million units (Table 6). The growth in housing supply has always lagged )
behind the demand as shown in Table 7. During last census decade (1981-91), there have

- . been slight improvements in the growth rate of housing supply, but there already exists a

huge unmet demand.
o

Table 6: Quantitative and qualitative aspects of houses during 1981-91

Total Residential Percentage decadal growth | Average
houses(Mn.) 7 houschold size
1981 1991 | Resi. Houses | Houscholds | 1981 | 1991
Total . 148.63 15543 3102 . 252 5.6 5.53
Rural  89.59 11287 2599 2122 563 556
Utban  29.04 14256 46.55 37.73 5.52 5.45
Proportion of households with house quality type j
Pucca Katcha 7 Semi-ptfcca
1981 1991 | 1981 1991 1981 | 1991

' We have based our discussion on the 199} Indian Census data. The data collected during the 2001 Census
is not yet available.

2 Pucca houses: Houses with wall and roof made of permanent maierials. Material of wall can be bumt
brick or other metal sheets, stone, or cement concrete. Roofs can be made of tiles, slate, shingle, iron, zinc
or other metal sheets, bricks, lime and stone, stone and reinforced concrete.

Kutcha: Houses with wall and roof made of temporary materials. Wall may be made of grass, leaves,
bamboo, mud, unburnt bricks or wood. Roofs may be made from grass, leaves, bamboo, thatch, bumnt brick

or wood.
6
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Total 3267 4161 3404 2744 3329 3095
Rural 2253 3059 4055 3376 3693 3565
Usban 64.7 7275  13.50 9.56 218 1769
Housing Shortage (Million Units)  Toal Rural Usban
1991 housing census 18.5 137 48

Source: Planning Commission (1992)

TABLE 7: HOUSING NEEDS VIS§-4-VIS HOUSING SUPPLY

Additional Houses Needed (millions)  Additional Housing Stock

Added(millions)
197181 448 | 23.7
1981-91 499 31.4

Source: Planming Commission (1992)

422 BUILDING MATERIAL REQUIREMENTS IN HOUSING

The demand for building materials in housing emanates from two facts: (I) construction of
new houses, and (ii) maintenance, extension, repairs of existing houses. It is possible % have
an idea about the planned construction of new houses through Government policy
documents but estimating the construction activity for maintenance, extension or repairs is
not possible. To project building materials in house construction, we adopt following
procedure.

1. We estimate building materials requirement for the new house constraction activity.
in housing construction minus the investiment required for new house constraction,

3. We use matetial required per billion Rigpecs of investment in new housing as a norm and
apply this norm to estimate building materials required for maintenance, repairs etc.

4.2.2 ] BUILDING MATERIALS FOR M W HOUSING CONSTRUCTION

The Indian Government, through its “National Agenda’ has sct a target of constructing two
million houses every year (Ministry of Urban Affairs, 1998). For the purpose of this paper,
we will focus on the target of two million houses ever year and would analyze the buikding
materials required to meet this target under the Business-as-usual scenario. Table 8 presents
the distribution of houscholds according to he number of rooms. The proportion of each type
of house that would be constructed is assumed according to Table 8.

2



Table 8: Distribution of households according to rooms in 1991

Number of Rooms Percentage of households
1 41.41

2 30.58

3 13.85

4 7.14

5 or more 7.02

Source: Census of India 1991 Housing and Amenities, Paper 2 of 1993

Based on the technical model (Tiwari, Parikh and Parikh, 1999; see appendix I) we estimate
the matenials requirements for the construction of two million new houses every year. Since
the number of houses to be constructed is two million each year during the period under
consideration (2000-10), we have quoted below the cost, carbon dioxide emissions and

building materials requirements for 2000-01.

Table 9: Cost of various inputs
Value (Billion Rupees) | Carbon dioxide emissions (Million tonnes) )

2000-01 275 ' 38900

The requirements for building materials are given in Table 2.5.
Table 10: Building materials requirements in each year (BAU case)

Building materials Quantities
Cement (Mt) 13.99
Bricks(billion) - 36.1
|- Coarse sand (Million m’) 34.7 .
Fine sand (Million m®) 8.13 -
Stone aggregate (Million m”) 1 304
| Steet (thousand tonne) 5292 )

4.2.2.2 BUILDING MATERIAL REQUIREMENTS FOR MAINTENANCE, REPAIR,
EXTENSION ETC. OF EXISTING HOUSES '

To estimate the total building materials required for maintenance, repair and extension,
etc., we use materials intensity per billion Rupees in investment in housing as a norm and
we apply the same materials intensity to the available investment for this purpose. Table

11 presents the material intensity for the housing sector.
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Table 11: Material intensity for building construction in the housing sector

Material intensity of the housing sector
(Material per Billion Rupees in investment)

Cement (Mt) 0.051

Bricks(billion) 0.13

Coarse sand (Million m*) 0.13

Fine sand (Million m”) 0.03

Stone aggregate (Million m®) 0.12

Steel (thousand tonnc) 1.91

" sector (CP-BAU case)

Using the material intensity of Table 11, we have projected the materials required for
mamicnance, repair and cxtension every year. Table 12 presents the building materials

requircment for this activity.
Table 12: Material requirements for the repair, mauummandcxmonmm

Cement | Bricks | Coarse Fine Stone Steel Carbon
sand sand aggregate - | dioxide !
‘ CIMISSIONS !
Units Milkion | Billion | Million Million | Miltion Thousand | Billion
tonnes m’ m’ m’ tonne fonnes
2000-01 28.56 728 728;: - 188 67.2 10096 896
2001-02 30.345 735 77.35 17.85 714 113645 53,805
121094 304

200203 32334| 8242 8242 19.02 76.06

2003-04 34578 88.14 88.14 20.34 81.36 1294 98 95.508

200405 - | 37179 o477 o477 | 2187 8748 | 13923 102789

94.44 1503.17 110.967

2005-06 | 40137 | 10231 10231 2361
2006-07 635 1105 1105 255 102 16235 11985
2007-08 4641 1183 1183 273 1092 17381 1283

12688 | 2928 11712 186416 137616

2008-09 49776 | 126.88

200910 53448 | 13624 136.24 3144 125.76 2001.68 147.768

4.2 INDUSTRIES

The share of industries in total construction investment is 10% in 1995-96. We assume
this yearly share would remain same up to 2009-10. The construction activitics of
industries require the buikding of industrial premises. It is not easy to generalize the
nature of industrial buildings because the type of building would depend on the type of
load that industry is envisaged to expect. However, as a guiding principle, we assume that
mebamcumtofmmmonoﬁndnsmﬂbtmsmmiutomng.Mmayu
most be considered as the lower bound for the materials requirements.

ny



Using the material intcnsily of Table 11, we project the matcrials requlremem in the
industrial sector. Table 13 presents the malena!s requirements in the industrial sector.

uirements in the industrial sector (CP-BAU case)

Table 13: Material

Cement | Bricks | Coarse Fine Stone Steel Carbon

sand sand aggregate dioxide
emissions

Units Million | Billion | Million Miltion | Million Thousand | Billion

tonnes m’ m’ m’ tonne tonnes -
2000-01 8.4 21.54 21.03 5.0 20.04 3156 23.34
2001-02 876 | 2244 21.93 522 20.88 3268 2433
2002-03 918 | 2349 22.92 546 2184 3441 25.44
2003-04 9.63 2463 24,06 573 22.92 - 3609 26.7
2004-05 10.14 25.92 2532 6.03 24.12 379.8 28.08
2005-06 1068 27.36 26.7 6.36 2544 400.8 29.61
2006-07 11.34 29.04 28.35 6.75 27 425.4 31.44
2007-08 11.94 30.6 29 85 711 2844 4479 33.12
2008-09 26| 324] 315 75 30 4725 34.92
{2009-10 | 1332 342 333 7.92 318 4989 369

4.3 HIGHWAYS

As a share of total construction investment, highways constitute around only 4%.
However, the nature of highway construction activity is highly polluting. There are two
primary methods of highway construction. These methods depend on the type of
construction material used. The cement-concrete roads use concrete slabs as the road
surface, while bitumen road use bitumenous wearing coat. There are life cycle differences
in the maintenance cost of these two types of roads. The yearly maintenance cost of
concrete road is Rupees 2000 per Km. As against Rupees 50,000 per Km for bitumen
road. Howevei] in India, almost all of the road construction activity uses bituriten based.
Table 14 presents the cost companson of concrete and bitumen roads for one Km.

\-é

Stretch.
Table 14: Cost Comparison -Concrete road versus Bitumen Road :
For one kilometer stretch) : '

Parameter Concrete road itumen road
Width (single lane) 3.5 Mir S Mtr

ase course thickness 150 mm 300 mm
'WBM thickness [Not required 225 mm
'Wearing coat thickness Not required 20 mm
Concrete slab thickness 200mm Not required
Total pavement thickness 350 mm 545 mm
Average initial cost per Km __[Rs. 2.6 Million Rs. 2.3 Million
Source: Our estimates
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As a base case, we will designate the bitumen road as the base case, because this is the
type of road typically constructed in India. Road construction involves many associated
activities like bridges, culverts, underpass and overpass eic. To accournt for all these
would requirc very detailed information, which is very difficult to obtain for future
periods. We estimate the building materials requirements with the assumption that
highways do not have bridges eic. This would bias our estimate downwards. The material
requirements may at best be considered as lower bound. We use the total mvestment in
the highways construction sector as the bound and estimate the material requirement for
the construction of road for the investment available. The materials requirement for

different years is presented in Table 15.

Table 15: Requirement of construction materials for bitumen road construction

Year Coarse sand | Bitumen | Diesel Soling Coal Carbon

| (Million (Million | (Million stone (Million dioxide

cubic meter) | tons) litre) (Million tonmes) cmission

cubic (Million

: meter) tonnes)

2000-01 | 79.7 102 1183 - [123 2.04 316000
2001-02 { 83.7 10.7 1242 129 2.14 331800
200203 | 869" 11.1 1289 13.4 2.22 1344440
2003-04 | 90.9 11.6 134.8 14.0 233 | 360240
2004-05 | 95.6 12.2 141.9 14.7 245 379200
200506 | 102.01 13.1 151.4 15.7 2.61 404480
2006-07 | 107.6 138 159.6 16.6 2.75 426600
200708 11132 4.5 167.9 174 290 448720
2008-09 | 1196 153 177.4 184 3.06 474000
2009-10 | 1259 16.1 186.8 19.4 322 499280

7 S. ALTERNATIVE TECHNOLOGIES TO MITIGATE EMISSIONS AND
MATERIAL REQUIREMENTS

5.1 HOUSING

As we have discussed carlier that housing activity mvolves two types of construction
activities: (I) construction of new houses and (ii) repairs, maintenance and extension of
existing houses. It is possible to use alternative cnergy efficient technologies for both
these activities but the technological possibilities are rather limited for existing houses.
For example, for an existing house, it would not be possible to replace an existing brick
wall with mud blocks wall. lnthxssectwn,wehaveﬂmforereﬂndcdolnelmon)yto
the new construction houses.

In the Business-As-Usnal scenario, we assumed that the houscs are constructed as usual
with bricks and cement, the commonly used building matenals in India. Using our

11
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technical mode! (Tiwari, Parikh and Parikh, 1999), we introduce various altemative
construction technologies and the model is solved with an objective to minimize cost and
Carbon dioxide emissions. Some technical definitions are required before presenting the

SCEnarios.

Common practices: We define common pract:ces as the case where the construction
materials like bricks, stone, cement and concrete is used for construction. The technical
alternatives in this type of construction presents a choice between brick masonry or store

masonry.

Low cost techniques(Doat et.al,1991; Balkrishnan; Eashwaran; Niazi; Radhika
et.al.,1993; Sharma, Sreedevi; Sriraman,1993a; Sriraman,1993b; Valmeekinathan)

A number of construction technologies using cost effective, low energy building materials
are available. We have compiled these building materials and technologies and they have
been incorporated into our technical model. The techniques considered are briefly and

broadly discussed below.

Hollow Concrete Blocks (Jam,l992)
These are generally made of 1:5:10 cement, sand, stone aggregate ona gospel machine

which has a vibrator and a ram. The blocks are of size 40x20x10 cm’ and are around four
times the size of ordinary bricks. They are used in wall construction.

Hollow Concrete Blocks with Fiyash(Jain,1992)
These are similar to the hollow concrete blocks with a difference that 25% of cement is

substituted with flyash. Their application is in wall construction.

Balram technigues(Nathan and Revi, Singh)
These techniques of oompmssed mud blocks have been developed by Devel
Altemnatives for their use in wall construction. The size of the blocks is 20x10x10 cmr. The

average strength of these blocks is around 14-16 Kg/cm Though this is less than the

»
i

.compressive strength of fired clay bricks of 35 Kg/em’, but is sufficieftt tb take loads upto

three floors provided the minimum thickness of wall is one block thick. The total number of -«
operators required for 1500 blocks is around five. Sometimes, these blocks have to be - ]
stabilised using stabilisers such as cement, lime, flyash etc. if the quality of soil is not good

or the construction is in the zone which has high rainfall. The alternative components of

these mud blocks are following. These have been named as Balram with suffices one to ten.

Balram 1: Good local soil

Balram 2: Local soil + maximum 50% outside soil

Balram 3: Local soil + 5% cement stabifised

Balram 4: Local soil + 5% cement stabilised + 50% outside soil

Balram 5: Local soil + 8% lime stabilised

Balram 6: Local soil + 8% lime stabilised + 50% outside soil

Balram 7: Local soil + 4% asphalt, bitumen or cutback stabilised

Balram 8: Local soil + 4% lime + 8% flyash stabilised

Balram 9: Mud block is dipped in a mix of one part sodium silicate and three parts water.
12
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Balram 10: Local soil + 5% molasses as stabilizers

Filler siab with 2 M.P. tiles (Parikh,1974)

These have been developed by Central Building Research Institute, Roorkee. These arc fiat
slabs and can be used for floors as well as roofs. The basic idea is to substitute substantial
portions of concrete below the neutral axis which does not contribute anything 1o the

strength of slab by M.P. tiles. This not only saves the concrete but also makes the structure
light.

Filler slab with Manglore tiles (Parikh,1974)
In this method the redundant concrete is substituted by Manglore tifes.

Precast beam and Hourdis (K. Parikh,1974)

In this method precast reinforced concrete beams are used to cury hourdis s 3 roofing and
flooring systems.

Jack Arck Roefing (Srirmman, Jain,1992) 7 ‘

This is basically a flat roofing system, fonmed of shallow scgmented arches over precast
R.C. beams. This is used for roofing.

quahrM(Jun.lM)
Thesc are doubly curved :hmmmwhwhuscmyhmem:ﬂydvuym

Mortars (Sriraman)
The cost of mortars can be reduced by substituting the cement/lime by flyash.

Plasters (Niazi, Scott and Revi)
The various types of low cost, low energy plasters which may be wsed without

compeomising the longevity and performance of earth walls.
Using the above materials and technological possibilities, we have constructed three

The nomenclature for various scenarios is given below:

Common Practices{CP)

CP-BAU: There is no carbon dioxide reduction constraint and this replicates the current
comstruction technological scenario.

CP-5: In this scenario we impose a constraint that the construction would have to choose
those technologies that reduce carbon dioxide emissions by 5% from the base case level.
CP-10: This scenario imposes a constraint that the construction would have to choose
those technologies that reduce carbon dioxide cmissions by 10% from the base case level.
CP-20: This is similar to above two scenarios except that the level of carbon dioxide
emissions reduction is by 20% from the base case level.

13
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Cost effective, energy efficient technologies (EE)
For the low cost technologies we construct three scenarios:
EE-BASE: There is no carbon dioxide reduction constraint in this scenario.

EE-5: There is a consiraint to reduce Carbon dioxide emissions by 5% from the EE-Base

level.

EE-10: There is a constraint to reduce Carbon dioxide emissions by 10% from the EE-
Base level..

We could not construct 20% reduction scenario for the low cost technologies because the
model became infeasible with the present set of low cost technologies.

The above model is solved using the optimization module of GAMS software (Brooke et.
al 1995). , 3

5.2 Cost

Table 16 presents the changes in various cost parameters for CP and EE 'techniques for the
construction of 2 million houses in 2000-01. With a shift among these techniques there is
substantial change in the cost and carbon dioxide emission level. With carbon dioxide
constraint bemg imposed, the cost of construction rises by 1.2% for a corresponding 5%
reduction in Carbon dioxide emissions from the CP-BAU levels. The cost increases non-
linearly with further reduction in Carbon dioxide emissions. A reduction of 10% in Carbon
dioxide emissions increases the cost by 2.6% and the reductlcm by 20% in carbon dioxide

emissions increases the cost by 10.7%.

The second group of techniques evaluated are, Jow cost techmque& These techmmes,
besides being cost effective arc associated with less carbon dioxide emissions. The cost.of
construction of 2 million houses in 2000-01 by using EE-Base is 78% of the cost of
construction by using CP-BAU case and Carbon dioxide emissions for the EE-Base are \

only 35% of the commeon practices.

Table 16: Cost of various inputs
CP- CP-5 CP-10 CP-20 EE- EE-5 EE-§0
8AU BASE :
Cost (Biflion Ruppes)in | 275 282 285 307 160 166 174
2000-01
Carbon dioxide ermissions | 38900 | 36955 35010 31120 13598 12918 12238
(Million tonnes) .
14
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The annual emissions duc lo construction of houscs would remain same during our period
of consideration.

5.1.3 Masterial Requirements

The requirement for building materials under various scenarios is presented in Table 17.
The table indicates that by the imposition of carbon dioxide constraint, the jon of
cement, bricks and steel reduces which causes reduction in emissions. Table 17 indicates
the quantity of building materials that would bereguimd cach year.

Table 17; Final input

CP-BAU CP-S CP-10 CP-20 | EEBaxe | EE5 | EE-10
Cenxat (M) 13.99 14.82 15.33 1105 |e6ee 59 6.1
Bricks(billion) 36.1 2761 2093 2093 | 639 613 |32
Coarse sand 347 38.06 4113 2623 | 2662 243 [243
(Million ﬂ’) -
Finc sand (Million | 8.13 813 813 1161 0.11 125
n‘)’ .
Stone agpregaic 304 3047 3136 kiH 194 195 2091
(Miflion n7’)
Unslaked lime (M1) 48.14 987 |12%
Steel (thousand 5292 5292 487.06 3984 [ 4381 93 (408
tonne)
Flyash (Million o) 641 641 64
Mud blocks 2935 2935 {2935
(Billion)
Manglore ties 035 035 o35
{Million Square
meT)
Stone ot 2813 5033 3025 067 [em
quary(Millios nr’) .
Through stoncs 1582 me w29 4n |s51s
{(Milon Namber)
Surkbi(Million o’} &7l 157 ]2m
5.2 INDUSTRIAL SECTOR

To analyze the opportunities for reducing carbon dioxide emissions in the industrial sector,
we have restricted ourselves to only common practice technologies. The analysis of the use
of energy efficient, cost effective technologies (which were analyzed for the house
construction activity) in the industrial sector has not been attempted in this paper. The
reason for not attempting the possibility of use of low energy intensive, cost effective

15
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tcchnologics is that we arc not sure about the load coming on the structure and how these
materials would react to the industrial load. Most of the research on the applicability of
energy efficient, cost effective materials has been in the housing sector. A further research
would be needed to see the possibility of these materials being used in the industrial sector.
Table 18 presents the material requirements under various emission reducing scenarios,

with in the common practices group of technologies.

16
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Table 18: Building materials reguirements in the industrial sector
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BR: Bricks (Billion numbers)

CS: Coarse sand (Million cubic meter)
FS: Fine sand (Million cubic meter)
STA: Stone aggregate (Million cubic meter)
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5.3 RIGHWAYS

The only available alternative for the highway construction against the bitumen road is the concrete road. A cost comparison of bitumen
roads and cement concrete road in Table 2.8 indicates that cement concrete roads are slightly expensive than the bitumen roads,

293

Year { Cement | Coarse | Fine | Stone Unslaked | Surkhi | Diesel | Carbon
Mt sand | sand | aggregate | lime Mitt. | (Mill. | dioxide
(Milt. | (il | (Mill. (Mill. cum) liter) | (Mill.
¢um) | Cum) | cum) tonnes) Tonnes)
2000- | 8.64 1503 1202 |387 1.28 405 2.33 19400
01
2001- {9.08 158 213 1407 1.3§ 4.3 245 20370
02
2002- 19.43 16,4 221 14223 1.40 446 2.54 | 21146
03 '
2003- | 9.86 17.14 1231 [44,17 {146 4,66 2.66 22116
04
2004- 110,38 1804 1243 (465 1.54 491 2.80 23280
05
2005- | 11.07 1924 1259 (496 1.64 5§23 298 24832
06
2006- | 11.7 0.3 27 | 523 1.73 5.52 3.15 26190
07
2007- {1228 2135 (288 |5501 1.82 5.81 331 27548
08 , .
2008- | 1297 2255 |3.04 |38.11 1.93 6.13 3.50 | 29100
0%
2009~ | 13.66 2375 1320 |61.21 203 6.46 3.69 30652
10
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Table 19: Material requirement for cement concrete road construction
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6. IMPLEMENTATION AND BARRIERS

7. RECOMMENDATIONS
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Appendix I: Technical notes

The house considered for analysis, is measured in units of a room of hypothetical size (3.5x3.5x3.14 m®). A house may be assumed to be
a combination of such rooms, which can exist anywhere in the building up to three floors. Up to three floors, the minimum wall thicknes:
is one brick and beyond this, the minimum wall thickness increases (Khanna 1992). However, in normal construction practices, the walls
beyond the third floor are rarely load bearing. Generally, a famework of columns and beams is constructed which is load bearing and the

space in between is filled with non-load-bearing brick walls. The energy estimates for buildings sbove three floors will be sligh
underestimate since emissions due to columns are not accounted for,

A model has been developed in this paper, which is an extension of earlier works by Tiwari et al. (1999). A building can be constructed
using a number of technologies. A builder will optimize his choice of technology based on the cost, carbon dioxide emissions and the
available technology. The choice of technology requires a combination of materials and labour, which are constrained by their
availability. The construction of a building consists of following ten stages: stage 1 - foundation bed under load bearing wall; stage 2 -
foundation bed under partition wall, stage 3 - foundation for load beasing wall; stage 4 - foundation for partition wall; stage 5 - wal

construction; stage 6 - partition wall construction; stage 7 - roof construction; mae 8. ﬂoonng. stage 9 - external plastering; stage 10 .
internal plastering,

The model identifies technologies at different stages of construction (viz., foundation, wall, etc., as defined below) to meet output levels
for various activities required at each stage to construct the room. Besides resource avulablhty, there are structura! design constraints
(discussed later in more details) which also restrict the combination of technologies at different stages. The process of building
construction has three types of activities, as shown in figure A.1: activities related to primary resources required to produce the
intermediate and final inputs to be used for construction of the structure and activities related to various technological alternatives of
construction of each stage of the building. Primary resources include fuel (electricity, coal), limestone, gypsum, etc. which are required in
the production of cement, bricks, lime, steel, etc. which can be either directly used in construction (final inputs) or can be used in
manufacturing of final inputs such as concrete blocks, which are used in building construction. The detailed list of inputs is givenin
Appendix I1. Input prices are calibrated at 2000~01 prices. If the resources are used to manufacture inputs, which are used in construction
and are not used directly in building construction, they are referred as intermediate inputs.

In this model, different technical specifications that provide the same outputs (a house with a combination of functional room of the
size defined earlier) ere considered. The levels of resources and production activities are determined so that the overall cost o
construction of the specified house is the minimum. The notations for different sets appearing in this model are: ‘p' is the set o

rx}
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primary inputs; ‘i’ is the set of intermediate inputs; ‘j’ is the set of production-activity levels; ‘q’ is the set of different wage classes;

and ‘g’ is a set of different stages in construction. The optimization process will choose those techniques, which minimize overall cost
of construction. :

Two groups of techniques® are considered for analysis; common practices and low cost techniques. The list of techniques, which are
evaluated in this paper, is presented in Appendix IIL There are three technologies, for the foundation bed construction under load bearing
and partition wall, sixteen technologies for foundation construction, 136 technologies for load bearing wall construction, 64 technologies
for partition wall construction, 13 technologies for roof construction, 14 technologies for floor construction, and 12 technologies for

external and internal plastering, that have been evaluated in this paper. These techniques are suitable for India and we design the room
according to Indian building code IS 456. ‘

PRIMARY INPUTS
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FINAL INPUTS

I BUILDING CONSTRUCTION

} Three groups of technologies are defined in this'mode!. Common practices are those technologies, which are commonly used in India. These tcchnolégics
primarily use materials like cement, bricks, concrete, steel etc. Low cost technologies are those, which include building materials such as stabilized mud blocks.
jack arch roofing, tile roofing and technologies like rat trap brick bond for walls, There are many low cost technologies available in building construction.
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Figure A.1: Direct snd indirect inputs in building construction

Model equations are given below:

Objective Function
The objective function to minimize

where ¢; is the cost coefficient for the it

cost = + , intermediate input corresponding to th

T ciapxt EXwedyx, ith activity and wq is the wage rate for th

qth class of labour. The requirement fc

the ith intermediate input to produce un

output of the jth activity is given b
element 8y, For each stage we have
matrix of intermediate input coefficient

oy, which are fixed for a set «
technologies and each column of this matrix refers to one technology. x; is the level of the production techniques. dg; is the qth type «

labour employed directly for unit production level of activity j. dy is also fixed coefficient matrix, with each column referring to or
technology. The matrices, ay, and dy have been compiled based on technologies from Tiwari et al. (1996).

Resource Constraint

Intermediate + Direct

Inputs Labour ,

If N, is the number of altemnative techniques available at stage of construction g, the total number of techniques available is
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N=§N,

- Xz i) = X'

Final inputs

Zajxj S n
)

requirements Primary idputavailability,

tp-

2. bori = S
ﬂnmary inputs
requirements < availability.
tp 2 Zizjbpi.aij.xj.
availability 2 requirement.

R/ ]

All levels of activities from G stages
taken together are represented as

For detailed list of x; refer to table 4.
a;j is the requirement of final inputs
to produce unit output of jth
activity, i.e.

The element r; is the total amount of
the ith final input required to run the
production activity at a level X. The
element by, gives the requirement of
the pth primary input to producc
unit output of the ith final input, i.e.
where t; (p=1,P) is the total amount
of the pth primary inputs required to
produce the intermediate inputs 1.
Combining Eqs.(7) and (8) yields
The model faces two resource
constraints (1) final inputs (Eq.7)
and (ii) primary input constraints

(Eq.9).
Direct and Indirect Employment

dg is the qth type of direct labour
required for the jth activity. This is

the labour that is required at the construcuon s1te and is constrained by the availability of construction workers Dlq. sy are the indirect
labour requlrements of the qth earning class to produce the ith intermediate input. The direct and indirect labour requirement for each

wage class is
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Direct labour

10
?? dgjayXy 4 Dlg
requirement < avoilability,
where 1 is the gth of labou
Indirect labour L qth type r

required to produce the ith

intermediate input. The total supply

1 of indirect labour is Ilq.
LY sqapx; < I,
Ji Output Constraint
requirement S availability,
' The task level for every stage of

building a house varies with the
choice of the technique of construction. For example, to support the same load, the thickness of 4 stone wall should be more than that

of a brick wall. The type and quantity of materials required change according to principles of structural engineering. The material

requirement at every stage is a polynomial function of the area and height of the building (Tiwari et. al., 1999).
The output constraint is

The element z, represents the
Zﬂm I output coefficient of the jth activity
[

12 at stage g. y, is the task level for
Output < Teskievel. each stage.

Engineering Constraints
In building construction, the choice of techniques for one stage is not entirely independent of the choice of techniques for other stages

These interdependencies and intemnal balances in production have to be taken care of.
These engineering constraints are written as

-

n ¥
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To understand this constraint, it is
necessary to explain how the u;;'s are
derived. Consider two activities x,.

and x; correspondmg to stages | and
2, respecnvcly Let 1 correspond to the foundation and 2 to the superstructure wall. Now, if the wall is constructed by using technique x3;,

it is reqmred that the foundation is to be built only by using xij. This constramt is introduced as follows. Let x; = superstructure wall
work in m® built by using technique x3;, and X = foundation work in m’ built by using technique x,;. As the dimensional details of both
wall and foundation are known from engineering calculations, the lengths for which x, and x; are built are calculated by multiplying their
levels by proper constants.

If kix, is the length for which the foundation is buiit by using Xij and kyx; the length for which the wall is built by technique x;, then x;
depends only on x;, so that k)x; should be at least equal to kyx3, i.e.

u g 20

The coefficients of x; and x; become

ksxy - kaxz 2 0 or x - (ka/kihe 2 0. 14 thewy,
Environmental Constraint
In this model, the environmental constraints appear as '
Only indirect CO; emissions due to production of primary
Z Ep < TC. inputs are considered. E, is a vector of the CO; emission-
P

1§ coefficients for p primary inputs, The total requirements
o - of p primary inputs to meet the levels of intermediate-
CO; emissions s Up per limit on COy. input requirements are calculated. When multiplied by

emission coefficients associated with each of the p
primary inputs and aggregated over p, we find the total CO; emissions related to construction. TC is the upper limit on CO; emissions

1!

We run above model for various alternaiiire scenarios of emissions (CP-BAU, CP-5, CP-10, CP-20, EE-Base, EE-5 and EE10). The
imposed constraints lead to changes in technologies, at various stages. We have not presented the changes in technologies in the main
text to avoid technical details. However, we present them here and table A.2 reports the changes in technologies.
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Table A 2: Alternative technology choices

CP-BAU crs crio | orag BE-BASE 285 BE-10
Poundation under | 1:4:8 Cament
load bearing wall | concrere
Foundation under [ 1:4:8 Coment
partition wall concrete )
Foundstion under | 1.6 Cement 1:1: Hime surichi sand 1:6 Coment 11 lime surkhi | 1:1:1 time
boad bearing wall course sand briclwork CoMve sand sand Brickwork | syrkhi sand

brickwork 1:0:1 lome markhi aand. | DPOrk 1:1:1 lime surkhi | geoaorm .

mndom stonework sand random
sonsvork
| Foundation under | 1:6 Coement 1:0:] e markhisand | 1:6 Comem 1:1:1 lime surkhi

partition wall coNrse sand brickwork coare sand sand brickwork

brickwork brickwork N
Load bearing 1:6 Cemant 1:6 cement sand I:6cement | 1:6 coment sand random 1:4:8 coment
wall coarse sand random sone work sand stonework . Llyldn sand

|
rickwork 116 cement coarse m,,,mm 1:1:8 Coment lime sand | ¥ 2rom
sand brickwork random stonework

Partition wal 1:6 Cement 1:2 lime 1:1:1 lime surkhi sand 1:4:8 cement

coarse sand wurichi barickwork flynsh sand

brickwork brickwork Valram 1
Roof 1:2:4 RCC 1:224 RCC | 1:3:6 RCC balsnced Filler slab with

balanced balanced mangalore tiles

1:3:6 RCC
balanced

Floor 40mm thick Filler slab with

1:2:4 cement mangalore tiles

concrete

fiooring
Interna} 1 2men thick 1:6 12mm 1:1:1 lime surkhi | 12mm thick 1:6
plastering cement sand mortar cement plastering

29
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plastering

Extemnal 12mm thick 1:6 12mrn thick 1:6
plastering cement cement plastering |
plastering
Note: The blanks mean that there s no change with respect to previous column,
30
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Appendix I1: List of Inputs

Primary lnputs Intermediste Inputs Final laputs Labear Wageclam!-6
Coarse sand Cement Cement Rs. 0-40 .
Fine sand Bricks Bricks Rs.41-50
Quarmy stone Coarse sand Course sand Rs.51-60
Coal Fine sand Fine sand Rs.61-70
Electricity Stone aggregaic Stonc aggregac Rs.70-30
Gypsum Surkhi Surkhi
Chay Siooe 3l quary Stooe ai quarry
Water Through stonc: Through stone:
louore Sand stonc Sand stone
Dolomite Seeel Secel
Sand stone Manglore tiles Bakam 1-10
Mangnese ore M.P. tiles
Houndis
Bixaren
Flyssh
Asphalt
Sodwm silicate solution
Appendix H1: Techniques evalusied for consiruction of 2 house
Technicques " Proportion
FOUNDATION BED UNDER LOAD BEARING WALL / FOUNDATION BED UNDER PARTITION
WALL
Cement concreie 1:4:8,1:3:6,1:24
FOUNDATION AND BASEMENT/ FOUNDATION POR PARTITION WALL/ PARTITION WALL
Brickwork
Cement-cosrse s3ad 13,1214,16
Cement-lime-sand | 1:1:6,1:29,1:1:8, 1:1:3
Lime:swkhisand - i:i:1
FOUNDATION AND BASEMENT / LOAD BEARING WALL/PARTITION WALL
Swooework-coarsed;randosn
Comentsand 14,16
Lme-surkhi-sand 1 L:1:8
Cement:lime—sand J 118
FOUNDATION AND BASEMENT / FOUNDATION FOR PARTITION WALL
Lame-sarkhs 12
Block werk/block masonry
; Precast

3t
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LOAD BEARING WALL/PARTITION WALL

Pressed soil blocks
Cement:coarse sand 1:3,1:2,1:4,1:6
Cementlime:sand 1:1:6,1:2:9,1:1:8, :1:3
Lime:surkhi:sand - [HH ]
Cement:flyash:sand 1:3:6,1:4:8 7
Concrete blocks with flyash
Cement.coarsesand 1:3,1:2,1:4,1:6
Cement:lime:sand 1:1:6,1:2:9,1:1:8, 1:1:3
Lime:surkhi:sand 1:1:1
Cement:flyash-sand 1:3:6,1:4:8
Balram 1;2;3;4;5;6,78,9;10
Cement:coarsesand 1:3,1:2,1:4,1:6
Cement:fime:sand - 1:1:6,1:2:9,1:1:8, 1:1:3
Lime:surkhi:sand 1k ‘
Cement: flyash:sand 1:3:6,1:4:8
PARTITION WALL
Soil cement blocks
Cement:coarsesand 1:3,1:2,1:4,1:6
Cement:lime:sand 1:1:6,1:2:9,1:1:8, 1:1:1
Lime:surkhi-sand 1:1:1
Cement:flyash:sand 1:3:6,1:4:8
Mod bricks |
Cement:coarsesand 1:3,1:2,0:4,1:6
Cement-lime:sand 1:1:6,1:2:9,1:1:8, 1:1:3
Lime:surkhi:sand HH B3
Cement:flyash:sand 1:3:6,1:4:8
Hollow concrete blocks
Cement:coarsesand ) 1:3,1:2,1:4,1:6
Cement:lime:sand 1:1:6,1:2:9,1:1:8, 1:1:3
Lime:surkhi:sand 1:1:1

1:3:6,1:4:8

Cement:flyash-sand

32
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Cement:coarsesand 13,1:22,14,16
Cermnent:liancsand I:1:6,1:29.1:1:8, 1)
Lisnc-surkhi-send 1:1:1
Cement:fiysshesand 136,143

Rat trap bonding brickwork

Cemest-coarsesand 13,12 14,16
Cement-licee—sand 116,129,1:1:8, 103
Lime-surkhi-sand IS S|
Cement-flyssh-sand 136
Compressed exrth blocks

Cement-cosrsesand 13

Cement-lime-sand 1:16,1:29,1:1.8, 1:13
Lone-swrkhi-sond IHH
Cement-flyash-sand 136,148

Brickwork

Cemeat-flyash-sand 1:36,1:4:8
ROOF/FLOOR

Fiat R.C.C balanced 1:24,1:1.53,1:12, E36
Fiat R.C.C over reinforced 1:2:4

Fist R.C.C under reinforced 124

Filler skab with 2 MLP. tiles

Precast beam with hourdis

Filler shab with Manglose tiles

Jackarch

Funiculsr shell

ROOF

Ransigan; tile

Mangiore tile

FLOOR

40mm thick cenend concreie

Brick flooring

3
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Cement mortar 14,i:6
Sanstone:rough chiselled / fine chiselled

Cement moriar 1:5
INTERNAL PLASTERING / EXTERNAL PLASTERING (12mm thick)

Cement:sand 1:6,1:3,1:4
Cement:lime:sand 1:1:7,1:2:9
Lime:surkhi 1:2,1:4,1:6
Lime:surkhi:sand Ll
Lime:coarsesand 1:3,1:4
Lime:cement:coaisesand 1:1:8
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Economic Growth, Poverty and CO; Emission ia ladia

Manoj Panda and Yirkt Parikh
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Exscutive Summary

The recent worldwide concern about global warming calls for measures o redace carbon
dioxide (CO;) emissions from burning of fossil fuel, the largest source of anthropogenic green
house gases. The signatory nations o the United Nations Framework Convention on Climate
Change (UNFCC) in 1992 agreed to prevent ‘dangerous antiwopogeaic imerference with the
climaic system’. The convention recognised the concept of ‘common but differentiated
responsibilitics” for developed and developing countries. The Kyoto Protocol signed in 1997
required industrialised ‘Annex I' countries to reduce their wtsl emission of OO, and other
GHGs t0 5% beiow the 1990 level by 2008-12. The developing countries have beem only
minor contributors io the global warming problem in the past and have beea excluded from
any fixed commitment 10 reduce CO, emissions in view of the urgest need %0 improve their
low Jevel of living.

*Yet, t is felt that stiention must be given in future to emissions taking place in some of the
large developing countries like China and India. The per capita CO; emission was 0.9 toangs 3
for India in 1997 compared to world average of 4.0 tonnes and OECD average of 11.1 tonmes.
Incia accounts for sbout 4 per cent of total OO, emissions in the world and its total emissions
arelikely to increase substantially in the coming decades. There is a need for india to develop
2 long-term stnategy for CO; emission reduction without compromising its development
consiraint on growth. Such a constraint might imply a lower economic growth and/or adoption
of better techniques of production. A policy maker would like 30 know the stategic tradeoffs
between development and environment: how much of growth would be affected or how much
additional investment would be needed 10 adopt better technology. In the context of a country
like India where mass poverty prevails, vhe also need 10 examine the effects of ecavirommental
constraints on the incidence of poverty.

This paper examines the quentitstive impact of C0; cmission reduction on ecomceic
growth and poverty using an economy-wide model for India. The model used bere intcgrates
m&mwmmwhmmmm
incorporates specific technological options. Using this model, we specifically examine the
likely effects on nations] income and incidence of poverty dac to smmmal or cummlstive
restrictions on CO, emissions over a business as usual (BAU) scenario.

The results from the scemarios suggest that ammual emission reductions, imposes
umnecessary costs in terms of reduced GDP s higher poverty, both in the short and the Jong
run through distortions m choice of techniques in electricity generation as well as in energy use
in industry. The quantitative dimension of GDP fall could vary from abowt 0.5 - 0.7% in case
of 10% reduction in cmission 10 as high as 12% in case of 30% annual emission redaction.
Cumulative emission reduction targets over a few decades are preferable to annual reduction
targets and that a dynamically optimum strategy can help reduce the burden of emission
reductions. Even cumulative reduction fargets increase poverty by a larger percentage in the
range of 2-17% as compared to GDP reduction of 0.5 - 4% in the 30* year for CO; reduction



of the order of 10-30% over a BAU scenario. GDP loss of this extent is not ncgligibic in the

long run.
Overall, emission reduction imposes costs in terms of lower GDP and higher poverty. If
India were to reduce its carbon emissions for the sake of the global good, it should have

sufficient built in compensation or incentives for such an action.
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1. Introduction
In recent years, there has been a worldwide concen about global warming due 10

concentration of green house gases (GHGs) that block radiation of sunlight. It is believed thet
emission of GHGs caused by anthropogenic faciors associated with human activities has
mainly been responsible for the global warming problem that faces mankind. Attention has
been directed pearticularly 1o carbon dioxide (CO;) emissions from buming of fossil feel, the
largest source of anthropogenic GHGs. While the scientific community continues o debale
about global warming and risks involved in it, there has been a brosd consensus among the
conmmnity of nations for exploration of possible measures %0 reduce carbon dioxide (COy)
emissions. This is reflected in the United Nations Framework Coavention on Climate Change
(UNFCC) in 1992 where signatory nations agreed o prevent ‘dangerous anthropogenic
interference with the climate system’. The convention required all nations, developed and
developing, to maintain accounting and reporiing of emission and cacourage enviromment
friendly activities. At the ssme time, it recognised the concept of “‘comehon but differentisted
responsibilities’ depending on development levels of the nations. The Kyoto Protocol sigeed in
1997 ook this concept further and roquired industrialised “Amnex 1" countries 0 reduce their
total cmission of CO; and other GHGs to 5% Below the 1990 level by 2008-12. It excluded
developing countries from any binding commitment to reduce GHGs emissions.

CO; emission takes place when we use fossil fael like coal, oil and gas which are needed as
essential and critical raw materials for several production process. Hence, economic growth
Such a constraint might imply & lower economic growth and/or adoption of beter techaiques
of production. Before deciding upon appropriate policy for dealing with CO; emissions, &
policy maker would like to know, if a particular policy were followed, how much of growth
would be affected or how much additional investment would be nceded %0 adopt better

technology. In the coatext of developing countrics, prevaleace of mass poverty is a basic issue
that figures high on their ageads, and we nced 0 examine the effects of enviroamental

constrainis on the incidence of poverty. On the whole, we need 10 know the strategic tradeoffs
between development and eavironment.

Table 1 shows some basic economic and social indicators for India in relation 0 the world as
well as developed coundries. India’s per capita income at sbout $450 is less than one-tenth of
the world average and one-fifticth of that of high income countnies. Given such low income
level, poverty persists at a high level. India has about 40% of people living below the poverty
line defined as an income level of $ 1 per capita per day. Large differences could be observed
between India and developed countrics in the performance indicators of social seclors like
health and education t00. India has a loag way to go in reducing infant mortality and illiteracy.
It must continue to have high ecomomic growth to take care of poverty and %0 provide betier
health and other social services to their people.

The developing countries have not contributed in a large scale to the giobal warming problem.
In fact, about a quarter of the world population living in the developed countries have been
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responsible for about throe-quarters of the accumulated CO; emissions. While developing
countries need not have a fixed commitment to reduce CO; emissions, as recognised in the
Kyoto Protocol, it is also felt that attention must be given to emissions taking place in some of
the large developing countries. The obvious examples that come up in this context are China
and India which respectively account for about 14 per cent and 4 per cent of total CO;
emissions in the world. The emission data in Table 2 shows that fotal emission in the world
increased by about 4300 million tonnes during 1980-97. Of this total incremental emission,
China accounted for about 38% and India another 13%. In per capita terms, however, CO;
emission during 1997 was 0.9 and 2.5 tonnes for India and China respectively as against world
average of 4.0 tonnes and OECD average of 11.]1 tonnes (see, Table 3). Thus, per capita
emission levels are substantially below the world average. Yet, it is evident that total emissions
of China and India are likely to increase substantially in the coming decades. There is thus a
need to develop a long term strategy for CO; emission reduction without sacrificing the

development objective.

1t is against this background that this paper examines the impact of CO; emission reduction
on economic growth and poverty using an economy-wide model for India. Specifically, we
examine the likely loss in national income growth and increase in the incidence of poverty due

to annual or cumulative restrictions on CO; emissions. In section 2, we make a brief review of -

the literature and set out the model structure. In section 3, we discuss the design of the

. scenarios. The results are reported in section 4 and section 5 makes the concluding

observations.

2 Model structure
There are several mode!s in the literature that deal w:th economic impact of GHG emission

reduction. These models’ might be classified into three categories: bottom-up, top-down and
integrated. The first category of bottom-up models typically focus on production process and
emission details of one or two sectors of interest and then find cut implications of the sectoral
effects on the whole economy in 2 rudimentary form without adequate consistency. While such

- models bring technological knowledge and specificity, they often have incomplete

technoeconomic evaluation and turn out to be overtly optimistic in that policy and institutional
obstacles are not fully accounted for. The second category of top-down models focus on
macroeconomic consistency. Among them are macro econometric modeis which use reduced
form equations without structural details and the implied policies behind them remain unclear.
Another approach of top-down modeling is the computable geners} equilibrium (CGE)
approach where equilibrium prices and quantities are- computed for one period and repeated
sequentially for several periods. The main choice of the economic agents is essentially of static

" nature confined to events occurring in a single period with a few linking equations for capital

or labour stock from one period to another. Both econometric and CGE models often assume a
high substitution elasticity which makes it easy and relatively cost less to adjust to CO,
constraints. The problem is thus assumed away. An activity analysis approach involves
simultaneous choice of economic variables for several periods in a dynamic setting. It provides
macroeconomic consistency and incorporates specific technological options with limited
substitution possibilities. This method can be viewed as one that integrates both the top-down
and the bottom-up approaches.

In this paper, we use an activity analysis framework to examine effects of Co;
emission reduction on the national economy. This model reported in Murthy, Panda and Parikh

' For example, se¢ Manne and Richels (1992}, Blitzer et al (1992), Nordhouse (1994), Slmkla (1996), Fisher-Vander et. al
{1997) and Gupta and Hall (1997) for a sample of such models.
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(2000) permits exploration of alicmalive technologies to meet CO; constraint from a loag term
dynamic perspective. With sliemative activitics representing different technologics, oac can
pemmit substitution of various kinds and incorporate non-linearitics in such models. The modcl
maximizes a social welfare function given as the present discounted value of wtility streams
corresponding o the per capita comsumption of an average consumer, givea the resowrces
available to it and the various technological possibilitics for using them. In principle, the timc
horizon of the model must cxlend to infinity. Empirical models, however, work with a finite
time horizon of length, say, T time periods only (iaken to0 be 35 years in our case) as it is
computationally impossible to work with an infinite number of time periods. Instead, they
account for the post-horizon periods in other ways.

We represent the whole economy with seven commodities/goods, some of which can bx
produced in more than onc way. In particalar, electricity can be produced by coal, oil, gas
{combined cycle gas turbine, COGT) and others (hydro and nucicar). We foces on specific
options on the power side as large part of India’s CO; emissions occur in this sector and policy
options here noed to be clearly understood. Industrial output can be produced by two
alternative activities that use coal-boiler and oil-boiler. Techmical progress and energy
efficiency gains over time are prescribed exogenously. These remain the ssme across all
Income distribution is endogenous and depends on the tofal consumption, exogenously

consumption expenditure class is determined in the model. Thus the composition of aggregate
consumption changes nonlincarly as the economy grows and people move from one incowme
class w0 another. Fifieen aliernative consumption bundles are provided for each class w
represent approximately the indifference curve of the class. This permits substitation across
commoditics as relative prices change. The botiom class coresponds %0 those below the
poverty line so that we also get an indication of the number of poor in each period.

Ideally iwome distribution shouid be linked fo production stracture snd techmiques.
Unfortunately, adequate data on income generated by activities and how they are distributed
different income classes are not available. However, cmpirically income distribwtion as
reflected in consumption -expenditure has remained very stable with slow sad mimiscele
changes in the Lorenz ratio. National Sample Survey (NSS) data show that it varied with minor
fluctuations between 0.3417 in 1956-57 and 0.3202 in 1992 {sce, Panda (1999)]. Thus an
assumption of a constant Lovenz ratio over a long period of time is justified for India.

The constraints in the model inchade the following:

2) Commodity balance 10 ensurc that demand does not exceed availability;

b) Production requires fixed capital which once allocated 20 an activity can not be shified.
Capacity constraints ensure that production does not exceed capacity created by mvestment
in each activity;

¢} Capital accumulation constraints that restrict capital stock in each activity 10 increase by
net investment in each activity;

d) Domestic production of oil is restricted to reflect the small oil reserves in India.

On the trade side, we imposc a balance of payment constraint. There is also a wedge between

export price and import price to reflect intermational trade and transport margins. Some

restrictions arc imposed on exports and import growth rates by sectors o keep the model

realistic. Thus, import of agriculture is restricted to reflect a self-sufficiency requirement for a

large country which is considered necessary for food security. We also restrict import of
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services as nol all services can be imported. Generous export bounds are introduced 10 account
for crudely, fall in export price and profitability consequent to large exports by India. The

values of the bounds are given in the Appendix Table.

A savings constraint is imposed to restrict marginal savmgs rate to 30 percent. Programming
models often gwe high investments and implied savings rate. Such rates are not realistic as
governments in a democratic developing poor country are not able to force savings rate beyond
a himit. Finally, though the model is run for a period of 35 years, the post-terminal future has to
be taken care of. This is done by assuming that a stationary state would prevail in the future
with the composition of output, consumption, investment eic. fixed and growing at a
prescribed rate. This translates into a larger weight for the terminal year consumption in the

objective function.

Emissions Inventory
CO, is emitted when fossil fuels such as coal and oil are bumt in production and household

activities. For a given fuel, the amount of emission is directly proportional to its quantity burnt.
The CO; emission coefTicient of a fuel depends upon its carbon content. We account for these
emissions in two different ways: flows and stocks. The emissions from the production sectors
are computed by considering the scalar product of the activity vector and the emission
coefficient vector that indicates the amount of emissions per unit level of activity. The
emission coefficient for an activity is derived by considering the fuel specific emission
.coefficient and the fuel input coefficient. Apart from the production activities, emissions are
. alse caused by the private and public consumption of fuels like kerosene, LPG and motor

- gasoline.’ We account for these by considering emission coefﬁc:ents attached to “each

consumption activity.

“The cumulative emission of CO, at the end of any period is computed by adding the emission
flows during the current period to the cumulative emissions carried over from the previous
period. CO; emissions are known to accumulate and reside for long duration in the atmosphere

leading to increase in CO; concentrations.

Cprbon Reduction Options
In.the model CO, emissions can be reduced in a number of ways. Fn!st. it can be reduced by

reducing the levels of different activities. This has the direct effect of reducing income and
consumption and hence a loss in the social welfare. The second method is to change the
cemposition of production in the economy in favour of less CO-intensive activities. This can
be done either by changing the structure of trade so that the more CO,-intensive products are
imported or the structure of consumption and other final demand may be changed by reducing
the budget share of CO;-intensive goods in total final demand. This leads to an indirect loss of
current welfare as the investor and consumer choices get distorted.

In addition, technological optlons are also available for reducing the CO; intensity of activity
levels. These have the virtue of reducing emissions without any significant foss of output.
There are essentially two types of such options: (a) Reduce the amount of CO, emitting cnergy
inputs required by different activities; additional investment may be required fo install
equipment that can operate these processes at higher energy efficiency. (b) Switch to less
- carbon intensive fuels. For example, instead of a coal based power plant, we may install a
CCGT power plant, or instead of running industria! boilers on coal, we may use oil. The CO;
emission coefficient varies across the fuels, being highest for coal (26 tC/GJ), followed by oil



(21 tC/GJ) and the lowest for natural gas (14.7 IC/GJ). Thus, oil or natural gas can swbstituic
coal and lower CO; cmissions.

To sum up, the model used here belongs to dynamic optinvization catcgory in a mmltisectoral
and intertemporal framework with pasticular options for technology. I maximizes an objective
function which is the discounted sum of utilities from consumption. The dynemic framework
pemits examination of optimal intertemporal choices. There are some specific features we
might to highlight in this model for the Indisn economy. First, the model incorporates specific
technological options with choice of altemative activitics (or a combination of them) for
producing a commodity. Seccondly, it taces welfare effects for the low-income growps by
examining the incidence of sbsolute poverty. in the population. Thirdly, there arc barge
differences in consumption patierns among different income classes in a developing country,
which are represented in our model. In this context, we also specify several altermative
consumption bundles for each mcome class from which the respective representative
consumers can choose. Thus, we permit consumer purchases o be sensitive to the relative
shadow prices of commodities in our programming model. Endogenous income distribution is
important because it will have considerable impact on the structure of consumption demand in
the economy, as population in a lower income class today will move 10 a higher income class
in the future as income growth takes place. Finally, we impose terminal conditions on stock

variibles in our model. Wlﬂ:ﬂnemclnﬂmofmmﬂmmﬂxmknmbles.du

mmwmwmmsmwm

Dath
Wemmﬂymw&emddbymmdnfwmbm&e
varidus parametcrs and initial values of different variabies included in the model structure
discussed in the previous section. Input-oatput cocflicients and capitsl-output ratios for various
acuvmformﬂnmofdwnwde! This data is available from published sowces for most
sectors.? In some cases, like the capital-output ratios for the generation of clectricity wsing
altemative technologies, we have based our estimates on statistics published by the Ceatre for
Monitring Indian Economy (1995) on the ongoing and proposed power projects in India.
Futore projections of government consamption levels and of the upper and lower bounds for
exposts and imports (where relevant) are specified in terms of growth mtes. The database for
- opersting the model is listed in the Appendix Tables. The model is solved wsing GAMS
programming tool developed by Brooke et. al (1948). For endogenous income distribution
consistency, we iterate over optimal solutions changing distribution perameters between
iterations till they converge.
3. Scemarios
We use the model described in the earlier section to evaluate the impact on cconomic growth
and other related variables corresponding 1o several altemative CO; reduction scenarios over a
reference scenario during a period of 35 years from 1990 to 2025.
Reference scemario: The reference scenario is a ‘business-as-gsual’ (BAU) scenario in which
the patiem of growth of various variables is determined by the model in the absence of any
Emission Reduction Scesaries: We then develop scenarios in which there are restrictions on
the amount of CO; emissions. These restrictions are applied in two different forms:

? Details are avaitable in Parikh et al. (1995)
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(a) reduction of 10%, 20% and 30% in cimelative CO; emissions (CEMT) over 35 years (these
three scenarios are labeled C10, C20 and C30 respectively);

(b) annual reduction of 10%, 20% and 30% in CO; emissions (EM,) in each year of the 35-
year time horizon (these three scenarios are labeled A10, A20 and A30 respectively).

Thus, we have six different scenarios of emission restrictions for comparison with the BAU

scenario,

4, Jmpact of Carbon Dioxide Emission Reduction
“We now discuss the results of our experiments as designed above. Tables 4-6 shows the values
of some importani macroeconomic variables and alternative activity levels for selected years
for BAU scenario as well as various scenarios involving cumulative and annual emission
reduction. Some characteristics of the BAU scenario may be noted. Under it, the economy
grows at an average annual rate of 6.3% over 35 years. The carbon emissions grow from 157
mtc in 1990 to 1421 mtc in 2025. Of these emissions, 61 mtc are from electricity generation
and 53 mtc from industrial production in 1990 and 659 mtc and 397 mtc respectively in 2025.
The annual emissions are plotted in Figure 2. The cumulative emissions over the 35-year

period amount to 20353 mtc.

Table 4 gives the effects of CO, reduction on aggregate GDP and per.capita consumption.
Enforcing a 10% (or even a 20%) cut on cumulative CO; emissions has virtually no impact in
'~ the short run (3™ or 5™ year) or medium run (10™ year); see column C10 or C20 of Table 4.

The GDP' and consumption levels fall only marginally. In the long run (30™ year), however,
the effects of emission restriction are more visible. In the 30™ year under the C20 scenario, for
_example, GDP and consumption per. capita fall by 1.36% and 1.85% respectively compared to
the BAU scenario. As a result, number of people below the poverty line increases by 5.94%

(Table 5.

As the emission restriction level is tightened from 10% to 20% and further to 30%, the effects
on long run GDP and welfare become increasingly adverse. Thus, GDP falls by 0.53%, 1.36%
and 4.06% and the number of poor increases by 2.1%, 5.9% and 17.5%, in the 30 year for
10%, 20% and 30% cumulative carbon emission restrictions respectively (Tables 4 and 5). The
flexibility of the:économic system gets reduced, as emission restriction becomes tigliter. Also,
note that the los$ in GDP and consumption is nonlinear i.e., loss rises at an increasingly faster
rate than emission restriction. For the case of a 30% restriction, even the short run effects (up
to 5 years) are noticeable: GDP and per capita consumption loss is about 0.2% and incidence
of povesty is higher by 0.3% compared to the BAU scenario. Furthermore, the losses'are more
severe towards the end of the target period (30™ year) than near the beginning of the festriction
period. The model tries to postpone the economic losses due to two reasons: it discounts the
future consumption flows and it also enjoys the facility of attaining emissions reduction target

_over a 35-year period rather than in just one of two years.

Next, we consider the impacts of imposing annual reduction targets for CO; emissions. A 10%
annual reduction target over each of the 35-year period (scenario A10) achieves the same
reduction over the period as the 10% cumulative reduction scenario (C10). But the economic
losses are larger under annual reduction scenario than cumulative reduction of the same order.
For example, in the 20% restriction case, annual constraints lead to a GDP fall of 3.66% in 30"
year as compared to 1.36% for camulative constraint and for 30% reduction, GDP is lower by
a whopping 10.7% (Table 4). Annual constraints are more restrictive than cumulative
constraints because they deprive the economic system of its freedom to choose an adjustment
path over time, though the terminal period carbon stock level is the same under both types of



constraints. it can be seen in Figure 2 that under the C30 scenario, emission reductions an:
postponed towards the later part of the time horizon.

The short-run effects are also large for the case of annwal constraints. GDP losses in 3" year
vary from 0.47% in the case of 10% annual emission restriction 0 11.86% for 30% restriction.
The increase in number of poor is a large 20.67 percent increase even in the short run, and in
the 30® ypar the number of poor increase by nearly 50 percent for a 30% annual reduction
which indicates a significant short run burden on the lower income segment of the population

(Table 5).

The model resuits for alternative activity levels for 5 and 30® years are presented in Table 6.
These results cicarly illustrate that, when a CO; emission constraint would be active, India
would shift away from coal based electricity to oil and gas based electricity and from coal-
boiler based manufacturing to oil-boiler based manufacturing. There is, however, no change
over 10 a new fechnology in the short un when cumalative restriction of 20% or kess is

affected.

5. Conclusions

The global warmimg problem due to carbon dioxide emission from anthropogenic sowrces in
the industrial age has attracted aticntion of nations. Even as the world commaunity is moving
towards reduction of suach emission on an urgent basis, it also understands the need for the low
income developing countries to attain a decent level of Living. Hence, it is recognized, as in the
Kyoto Protocol, that giobal CO; emission reduction strategy must safeguard the developmentsl
objectives of the developing countries. It is for this reason that India has rightly been excladed

Yet, the two largest countries China and India might contribute sigaificastly to incremental
carbon emission in the coming decades. They need to explore whatever possible emission
reduction objectives. In this paper, we have attempted o examine the impact of aliermative
levels of carbon dioxide reduction measures from a “business as uswal® scenario on growth and
poverty in India.
costs in tevms of reduced GDP sad higher poverty, both in the short snd the loag ren throngh
distostions in choice of techniques in clectricity gencration as well a3 in encrgy wee in industry.
0.7% m case of 10%

The quantitative dimension of GDP fall could vary from about 0.5 -
reduction in cmission to as high as 12% in case of 30% annual craission reduction. Cunsulative

emission reduction targets are preferable to anmmal reduction targets and thet a dynamsically
optimum strategy can help reduce the burden of emission redoctions. Even cumalative
reduction targets increase povesty by a larger percentage in the range of 2.1-17.5% as
compared to GDP reduction of 0.5 - 4.1% in the 30™ year. GDP loss of this order is not
negligible in the Jong run.

Thus, emission redaction imposes costs in terms of lower GDP and higher poverty. India
cannot have amy obligation 10 reduce its carbon emissions for quite some time without
sacrificing its basic development objectives of GDP growth and poverty removal. If India were
to reduce its carbon emissions for the sake of the global good, it should have sufficient built m
compensation or incentives for such an action.
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Table 1: Basic Statistics: India, Worid and High Income Countries

Yeoar india World High
income
' : Countries
1.Gross National Product {(Bitlion §) 2060 471 31471 248284
2.Population (Million) 2000 1016 6054 903
3.GNP Per CapHa ($) 2000 450 5150 27510
Male 1998 62 65 75
Female | 1998 64 69 81
$.infant Mortality Rate (Per 1000 five birth) 1998 70 54 6
6.Net enroliment ratio (% of relevant age group) -
Primary 1997 77 90 100
Secondary 1997 60 68 26
7. % of u
Below $1 a day 1997 42
Below $2 a day 1997 86.2

Source: World Bank: “World Development Report™ for 2000/2001 and 2002.

Table 2: CO; Emissions in India, China and World

€O, emission (mt)
Year india  China  World|

Jindia/World ChinaWorld

1980 30507  1491.34 186681  0.0164
1881 33822 147486 1833r.2  0.0184
1882  349.88 1537.74 182028  0.0192
1983 37401 161853 183346  0.0204
1984 38663 1757.34 188914 00205
1985 42475 188828 193918  0.0219
1986 46075 200398 197618 = 0.0233
1987 49442 213652 204430 00242
1988 53328 227454 210859  0.0253
1980 568.62 236421 214264  0.0265
1900 59978 239820 212459  0.0282
1991 63528 248586 214469  0.029
1902 ~ 67257 255270 213917 0.0314
1983 70522 269937 215342 00327
1994 75005 284421 21607.2  0.0347
1995 81732 303500 220734  0.0370
1906  863.19 317972 227844  0.0379
1997 88071 316195 229811 0.0383

~0.0799

0.0804

0.0845

0.0883] .
. 0.0830(

0.0974
0.1014
0.1045
0.1078

- 0:4103} -+

0.1129
0.1159

0.1193].

0.1254
0.1316,
0.1375
0.1396
0.1376

i0

Source: Intemational Energy Agency {(1999): “CO, Emissions from Fucl Combustion™
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1980 045 1.51 423
1981 048 148 409
1982 0.49 152 3o
1983 051 157 385
19864 052 1.60 4
1985 0.56 1.7 404
1987 062 196 412
1900 0.68 21 497
1980 0.71 21 40
1991 073 215 404
1922 076 218 397
1993 078 228 394
1994 082 238 389
1995 088 251 32
1996 091 26- 3%
1997 0@ 25 3w
Source: International Energy Agency (1999):
“C0;, Emissions from Fuel Combustion™
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“Tabie 4: come and Consumption Eflects of Carbon Emission Reducion in badie

] i
cio[ ca A '_ﬁl—‘
Parcentage Change from BALS
i

oar 3 -0.02] -0.02} 0.1 0471 -3 -11

ear 5 5301] o8| 047 OA7 28] o

ear 10 em;l 0. 0,03 0.62 05 3% 9
Tear 20 1230 002 030 -1.45 0509 -10

oar 30 24505] -0.5:31f -1.&; 4 069 365 -10

{

‘ear 3 000  0.00] 01 048 41 12
Year 5 ' 0. 0.00] o021 -0.44] a1 -1
Yeoar 10 4431 0.02 0.02 0.7 3. 9
Tear 20 0. 0.41 .71 374 -1

ear 30 ' 10888 -0 . -4.95] -0.81 4, 12

_} ]
Emissions - .oq 20 ~10.00 -30.
BALU: Business as usual

10,A20,A30: Arnual reduciion of CO2 emission by 10%, 20%, 30% over BAU )

10,C20,C30: Curliative reduchion of CO2 emission by 10%, 20%, 30°% over BAU
Source: IGIDR Model results

Table 5: Poverty Effects of Carbon Emission Reduction i india
| 1 ]
c A A
Percentage Change from BAL
of Poor (Millon) 1 | |
'sar 3 0.03 0.03{ Q.34 [}
Year 5 0.03 003 033 0.
Yoor 10 258.83 0.04] 004 1 1.04 5. 19.024
Tear 20 135.58) 0.08] 1 33
[Year30 043 210 7. Z
[BAL: Business as usual | 1 i

" [AT0AZ0 A0 Asvwsal reduciion of COZ emistion by 10%, 207%, 30% over BAL

[C10,C20,C30: Cunmilative reduction of CO2 amission by 10%, 20%., 30% over BAU

Source: IGIDR Model results
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Table 6: Eﬂach of Carbon Emlsslon Reduction on Solochd Aeﬂm In india

1
BAU c1I c20 C30] A0 A20 A30
Absohite Levels in Rs. Billion
Levels in Yoar § |
ich 216 216 216, 173 162 142 1
{Electricity-others , 41 41 41 41 52 - 64 58
ici 16 18 16 16 16 10 0
Emmer 0 0 0 37| | a2 47
b 3962 3961 3961 3895 3734 2330 2074
JIndustry-oil 0 o ] 0 164 1454 1350
evels in Year
664 635 616 901 704 575
269 289 280 - 36 197 251
lectricity-oil 4 4 0 4] 4 4
[Electricity-CCGT 0. 229 227 24 - 230 21 202
industry-coal 17526] 17424 4879 172]  17362]  16320] 14317
Incustry-od L 12689, 16193, 41 . 403 801
.[BAU: Business as usual 1 S

A10, A20, ASO'AnnualmdtncﬁmofCOZenussimby10% 20%, MWBAU
C10, C20, C30: Cumulative reduction of CO2 emission by 10%, 20%, 30% over BAU

Source: IGIDR Model results
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Figure 2: Annvzl Emission in Million IC
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Appewidis 1: Mede! Equations®

The model's objective is to maximize s social welfare function W given as the present discownted valoe
of utility streams (U} corresponding 0 the per capita consumption (PC) of an average consumer over
the time borizow 1,2,....,T. The social discount rate chosen is o )

v,
W= /lio— =T

; g.:(up)' where U/, = log(PC)) m
The maximization is subject (0 several consirnints. In the description below, we have omitied what i
obvious, that constraints have to be specified for each commodity or each activity and for cach period.
The first constraint refers to maierial belance. The total supply of each commodity i, domestic
production  (Y) plas impons (M), must be no less than the total demand which is the gam of
mmmm{mmm(mmmdm

(E). All these are real variables evaluated st base year's prices.
!;*”u*’g‘-.;xy*”u*&@fﬂ,,fﬁ, (v il
where [4] is the input-output metrix with i commodities snd m activities, X is a vector of sctivity levels
and {g] is the vector of public consumption budget shares. G, is specified exogemowmsly whilke
mﬁﬂuhmubwqﬁWMiwmhﬁmw
output malrix need not be square as we distinguish between the set of comunodities sad the set of
activities that produce them. In general, more than onc activity is capable of producieg a given
m@.AﬂgMﬁ!n]&hﬁMMbhmﬁu&yﬂu
Additionafly, this aflows the possibility of joint production: an activity may prodece more thes one

-mwkm-oofuummeumpmﬁngbmhmﬁvyhﬁmdim

Mymmdhmm .
.yu';'u‘n
The income groersied by each production activity is proportional ® their respective level (X) and is
equal to the value of the output lezs the cost of the inputs. Aggregation over afl activities (j) gives the
gross domestic product (GDFP) at market prices.

&)

o« £t a1, )

The constraints in cquations 5 10 9 descyibe the capacity and inrvestment relations in the ecomomy. AR

4, K, ™

where K, is the capital stock available for activily / in period 7 and by is the incremental capitel ompet

ratio (JCOR) fiox activity /. The production capecitics availsble in diffcrent sectors at e begiaming of
&ﬁdmnmslmd&iﬂm _

R.’tirl} - (‘)

We kave compuied (R, ) using equation 5 as an équality for ~=1, assuming thet there was fall capacity
wiilization in that year. Capital stock for the Iater pesiods is sccummisted through igvestment (2) which
afure intd> BEw capacity afley a Iag of one peviod.
K,sQ-d)X, +2, m
where 4, is the rate of depreciation of capital stock in sector /.
The aggregate lcvel of investment is constrained by the tofal savings praersted im the coonomy. The
preferences. To coumter the possibility of high savings mics resulting i wnrealistically low

* Takew from Murthy N. Satysrzysss, Maoi Pands sad Kirik Parikh (2000} 00, Emissions Reduciion Skategics sad
Economic Development of India™, IGIDR, Mumbai. An carlicr version of the modl appears ia Parikh, Pands snd Mty

(1995).
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consumption levels we impose an upper limit on the aggregate investment by specifying a marginal
savings rate (5)-
: Ezﬂ 5 5° + S(GDP. ~ GDFy)+ F, ()]

where F, is the exogenously specified level of foreign capital inflows in period .

" The investment by sector of destination (Z) such as agriculture or electricity must be balanced
against the investment goods available by sector of origin (V) such as machinery or construction.
Therefore, we have :

J;»':l k2, SN, ©)

where k; is capital coefficient indicating amount of i-th type of capital per unit investment in sector j.
Tuming now to trade, we impose the constraint the total value of imports cannot exceed the foreign
exchange available either through export eamings or through inflows of foreign capital (F). -
,.}.:.”’ 4 SSE, +F, (10)
'Ibeexportmketsmnﬂmﬁmitedformdiaandanupperboundonthegromhmofexpomis

- Ei.l SEU-I(I"'gi‘-EU) S an

_ where g™ is upper bound on growth of exports. Similarly, import upper bounds are also used for 2 few

~ secters on grounds of food security as well as limited trade possibilitics in sectors like electricity and

e . Mg )2 M, (12)

where g is the upper bound on irports. . '

While we might restrict our choices to T periods

beyond this limited horizon. This calls for a minimum level of post-terminal capital stock, {Kru} to
provide for the future. '

in practice, the economy would contimue to evolve

Kra} 2z Krad a3

However, what is {Ky.,)}7 We assume that outpat, capital stock and consumption grow at a constant
rate () in the post-terminal period (7+1,...,9), i.e., the economy attains a stationary state.
' ' {Vi=(+eX¥_} for 1>T . 14)

im=u+‘)y&r or EMZ‘Y;; (15)
Yy N b,
The above simplification might compromise the optimality of the terminal year sdlution determined by
us. However, 2 compromise is unavoidable in this case. X
The objective fimction is now modified to include the utility from post-terminal consumption,
‘which is assumed 1o grow at the post terminal rate of & The revised objective function can be

expressed as .
Maximize W= -——Ui——+aU where g = 1 A— {16)
TRt T T o0

Which gives a higher weight (typically, @ > 1) to the utility desived from consumption in the terminal
period because the post-terminal consumption is directly proportional to it. This is in contrast to the
objective function defined earlier in eguation 1, in which the weight attached to utility is the least in the
terminal period. Were the objective function not modified in the above fashion, the model would
choose a smaller consumption level for the terminal period as this leads to a smaller requirement of

capital investment for post-terminal growth.

¢
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The basic framework discussed above suffices %o describe the kikely powth patiers of = economy.
Only cuc thing remains (o be specified: bow is N, the contumption expenditure by sectors determmed
in relstion 0 PC,7 We tam 1o this now,

Cmm

Developing coantries typically articulate two concems other than aggregate ocomomic growth:
reduction of mass poverty and provision of minimum basic needs 10 their people. We incorporate
mMmmanMWMthﬁw
expenditare amongst the populstion. We segment the total population it three diffcrent classes by
sranging the population in ascending order of per capita consumption expendiawe. A fixed pair of
lower and wpper boundaries (€™, ) defines the cless p. The lowest income howseholds arc inchwded
mdw&ecbspslﬂupummum&uhc'whchuudeqdbkm

line so that honseholds belonging to this ciass are identified a3 poor.

The distribution of population across the thwee classes is given by a function APC; IR, &) which
less than /.

mﬁ:mduﬂW“wmmw

Typically, in the literature, a two-parameter standard lognonmal peobebility demsity famction (SIN)
waderlies the distribution finction £ The two parameters are the Lorenz ratio (LX) and the per capits
expenditare (PC). We cakulse the proportion, pop,. of people in the p-th class using the vale of PC,
chosen optimally by the model and the class cxpeaditure boundaries (¢ and ¢”) for the p-th chass and
the value of the Lorenz Ratio (LX), each specified exogenously. The magnitade of populstion in the p-

ﬂldllslmg
‘ FOF,, = POL.- Pop,, re pop,, = [(PC,;LRe")-[(PC,;LRe™)  (IT)
2
f(PC.;U,e’)s HK%).'.E) where -ﬁ”_(l)'_l 1 -?* an

Noke that ¢ =0 and ¢’ = o which yieMs f(PC,; LR0) =0 and f(PC,; LR®)=1
ThcmmapmﬁnPG’:,,dchpmbem-:
o )
PC,
PCC,, = f(}%;.!.k.e") an
- A representative: consumer of the p-th class is aflowed 0 choose a Encar combination of 2 diflerest
types of commodity bundles. Her consumption expenditare budget (PCG,) is sllocated acsoss the R
mnﬁmm:muummm ]
pec,, =3 rcs,,, an
MMMsWJMMmMmHm
nhqu&uehedmoﬁyinumwnﬂknamﬁ&-pmh
value remsins fixed i the model. Nevertheless, the consumer achicves a degres of sehstitation between

different commoditics by choosing the combination of differeat bundies and the amowats she spends oo
mhdmmemvm(Qdaﬁﬂ-MWMhudlm

bendies.

C,..=POP,, -Zp,_, » PCB.,, @an
[
The econcnmy-wide consumnption veckor {H} is then representcd by the sam of consmmption vectors
corresponding o the individval classes.
&=§Cm 22)

Simce the distribution parameter (LK) is fixed in our model, poverty allevistion roguires growth in
consumption, which is chosen optinmally in the model subject to the constraints.
* Parikh et al. (1995) describe how provisicn of basic needs can also be represented in this modcling framework
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Another point to note in this connection is that we have used the GAMS prograri to solve the model.
GAMS, however, does nof permit equations with standard lognormal functions, SLN(.) above. It
however, permiits a loop where the SLN function could be computed before obtaining the optimization
solution and iterations could be carried out within the loop such that the value of the SLN function
" converpes. We have taken advantage of this facility.

Emissfons Inventory

Theemmﬁomﬂ:cwoénﬁonsectmsmmmp:ﬂedbycm ing the scalar product of the two
vectors: the activity levels {X} and an emission coefficient vector {¢'}. Apart from the production
activities, emissions are also caused by the private and public consumption of fuels like kerosene, LPG
and mowr gasoline. We account for these by cousidering two other emission coefficient vectors, (€€}
and {e°}. The total emissions in period ¢ is thevefore given as: _

EM,=e* X, +e"H, +¢°G, (23)
Tbecunmlanvestockofco,emmmC:Ebﬁatdwendofmypmodusmnedbyaddmgthe
emission flows EM;, during the current period to the stock CEM,,, carried over from the previous period.

CEM , = EM ,+ CEM _, (29)
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Model volaled \o aclivilles
_ _ Other O2 CCaY ol
Base Year Inpul-Oulput Coefiicients : [a}
Agricuit. 0.199 0.000 0.003 002 0092 0002
Coal 0000 0011 0000 0.184 0011 0004 0.006
ol 0010 0027 0469 0.157 0132 0016 0040 0097
BElectricily 0007 0096 0005 0248 0248 0248 0.196 0031 0031 0015 -
industrial 0075 0196 0042 0078 00768 0076 00768 0OM2 0342 0171
Trarsport 0012 0044 0012 0045 0045 0045 0045 0035 0024 0068
Service 0038 0074 0064 0045 0045 0045 0045 0118 0119 0079
- Make matrix: ju)
Agricull. 1 o 1] 0 0 0 o 0 o 0
Coal [+] 1 0 4] 0 0 ] 0 o ]
(s I 0 0 1 ¢ 4] o o o 1] L]
Bleckicity 0 4] 0 1 1 1 1 L] L] 0
inddostriad 0 0 0 o 0 0 o 1 1 o
Transport 0 o 0 0 0 0 0 0 ] 1
Service o o0 o 0 0 [ ) o o 0
Capital composiion matrix: k] -
Capitat goods :
Agricult 015 0 0 ] 0 ° o ] 0 0
: Indusirial > 08 0958 0958 0958 0958 0958 0958 0958 0658 0958 0O

Transport TC0006 0006 0006 0008 0006 0008 0000 O0O0DO 0008 0006 ¢
Service 0036 0036 003 0036 003 0036 003 003 003 00% O
Base Year Oulput (103_"9“5)

1810 0064 0219 0140 0054 0022 0000 3028 ODOD 0418 1
Incremental capital aulput raio: disgonal elements of Jbj

2046 1483 1500 SM8 6750 8750 6270 0828 0845 3286 1
Iniiiad capital stock (10™ rupess)

3704 0095 0329 0740 0385 0140 0000 25080 QOO0 1374 2
Emision coeflicient: o] in gemsAupee
co2 055 3036 1398 38952 000 22140 8500 1748 1204 4782 1

1}1-O table ja] is aggregated frony & 806D abeorplion malrix obtsined from Planning Commission (1991).
2) Capital Coeff. ma¥ix is obtained by taking the composiiion of imestment demand feam 1989-90 1-0 malrix
and assuming that the investment goods from agriculture secior sre enfirely used by agriculire secior Reell.

3J) Base Yeer capital stock is the product of ICOR and bass yeer oulput.
4) mmmmmmmwmam;
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Chapter 1 Overview of Status of Renewable Eaergy Technologies in India:
Share, Poteatial and Policles

1.1 Intvoduction

The per-capita electricity consumption in India is about 400 kWh/year, which is
significantly lower than the world average (2100 kWhiyear/capita) [1]. The level of
development and the quality of life in a country correlates with the per capita

energy consumption . Any future development path for India will result in an increased
per capita consumption of electricity . The power planning strategy in India has been to
build large fossil fuel fired power plants and supply electricity through a centralised grid.
Despite rapid increases in the supply system, encrgy and peak scarcity persists in most
parts of the country. A large number of villages are yet to be electrified (estimated to be
about 80,000). Even in electrified villages a significant proportion of households do not
thave access to electricity (40% or more).

The limited fossil fuel reserves have made it imperative to explore alternatives. Table 1
shows a summary of the fossil fuel reserves available in India and the rescrves/production
ratio. It is clear that the oil and gas reserves of India can sustsin consumption only for a st
- -. decade or two. In the conventional puclear cycle the uranium resources can only sustain ‘
. ‘generation of 10000 MW for 50 years. A fossil fuel based electricity sector is clearly
not-sustainable in the long run. Adverse local environmental impacts (SO., NO,, SPM)

and global

Table 1. Summary of Fossil fucl reserves of India

Fuel Reserves Production (1998)

Coal 60000 296 ~200+
Million tonnes

Oil 660 33.86 1909
Natural Gas 692 . 264 26
Billion m* _

Nuoclear _ 50
Natural Uraniom

Data source TEDDY [2)

fossil fuel combustion have also intensified the search for clean cnergy sowrces. This

paper asscsses the role of renewable energy  technologies (RETS) in the Indian power
scctor, quantifies the role they can play in the next 20 years and reviews the barriers to

RETs and policies required for accelerated diffosion.

- 1.2 Status of Remewable Energy Techuologies



Figure 1 shows the share of the installed capacity of different sources in the Indian power
sector. It is seen that Wind energy accounted for about 1% of the country's installed
power capacity in 1998 [3,4] The aggregate data does not include some of the renewables
viz.. Biomass and dispersed options. Small hydro is also not accounted for separately. If
these are included, the share of renewable energy was about 2% in 1998,

The renewable energy installed capacity was 205.5 MW in 1993 (104.6 MW small hydro,
39.9 MW Wind). This increased to 2978 MW in 2001 (as on 31* March 2001) and
accounted for almost 3% of India's installed power capacity. The growth rate of installed
renewable power capacity during the period 1993-2001 was 39% per year. During
(January 1) 2000-2001(March 31%) the installed capacity increased from 1600 MW to
2978 MW (an annual growth rate of 49%).

Figure 2 shows the installed capacity of different renewable energy technologies [5].. The
major contributors are small hydro (< 25 MW), which accounts for 1341 MW (45%) and
Wind, which accounts for 1267 MW (42%). The installed 'capacity in Biomass based
power generation is 308 MW (10.3%), with most of it coming from Bagasse based

cogeneratiofi. _
Both wind: and small hydro are technologies that are commmmally available: Potentlal

' sites have: been mapped and there is likely to be a steady gréwth in'the cﬁpaclty However

these are oniy applicable at some sites where there is sufficient wind or water flows and

héads. Figure 3-shows a listing of the options for power generation from Renewables.
The solar energy route has a variety of configurations possible based on either solar

thermal or solar photovoltaic technologies. These will be assessed in detail in this report.
Wind and Small Hydro are commercially available technologles that will also be covered

in this report.

1.3 Tidal, OTEC and Wave Energr '
The remaining process routes are restricted to mlyafg_gf!pgmnsnmthecoast This

“report will not cover Tidal, Ocean Thermal Energy Conversion and Wave Energy in

detail. Of these technologies, power generation from OTEC is only at a prototype stage.

There have been experiments at the Natural Energy Laboratory of Hawai (USA) . Power -

generation is based on utilization of the temperature differences existing in the ocean.
Since the temperature differences. are small (20°C) the cycle efficiencies are poor
(approx 3%). A mini OTEC closed cycle (ammonia working fluid in a Rankine cycle) of
50 kW was installed in 1979 in NELHA with a 10 kW net power output. A 210 kW
gross output open cycle plant (working fluid — sea water) was operated between 1992-98
with a net output of 40 kW. These technologies are in the prototype/ development phase
and are not yet commercialized. A 1 MW demonstration unit is being planned off the
coast of Tamil Nadu. This is being funded by the Department of Ocean Development
and the implemented by the National Institute of Ocean Technology with a consortium

of private companies.
India has experimented with a 150 kW wave energy system at Thiruvananthpuram

(Kerala). This is based on an oscillating water column with a Wells turbine and an
electrical generator [7). The system average output was 25 kW during December-March



~

e

and 75 kW during April-November. The average wave energy available is 10 kW perm
of the oceanfront. The cstimated cost of electricity is 9-10 </kWh. However though
prototypes have been built and some operating experience obtained, this is not yet a
commercially available technology. ]
Tides are caused due to the gravitational attraction of the moon. The difference im levels
between the high tide and low tide can be utilized. This is donc by creating an artificial
basin, trapping the high tide and relcasing the water during the low tide. The difference
in head (water height) is used to run a water trbine and generate power. A 240 MW
Tidal power plant in France (La Rance) has been operating since the last two decades.
Potentizl sites are the Gulf of Kutch (900 MW), Gulf of Cambay (7000 MW) and the
Durgaduni Creek in the Sundarbans Delta (1000 MW). There is at preseat no tidal power
station in India A 3 MW tida! plant is being planned in the Durgaduani Creek. A
detailed project report has been prepared and is likely to be implemented by the West
Bengal Rencwable Energy Development Agency. The capital cost for a 100 MW
installation is expected to range between $1200-$1500 &AW ( Rs 60,000-75,000 &XW).
The capacity factor also will be low as the power will be available only during low tide.

1.4 Rencwable Energy Policies
m&mofmmwmwofmwm

Sources (DNES) in 1982 to support new and rencwable sources of energy in India. In
1987 DNES proposed a plan of 15,425 MW by 2000/ 2001 through rencwables [8]. The

actual realization is significantly lower. A review of the renewable energy programme by -

Sinha[9} in 1990 indicated that this target was umlikely to be met. In the mitial years of
the renewable programme, the cmphasis was on biogas that received more than 50% of
the total funding. The funding emphasis shifted in the 1990s with wind, small hydro and
biomass programmes getting a larger share of the budget.

The DNES upgraded to the Ministry of Non-Conventional Encrgy Sources (MNES) i
July 1992. A scparate -dgency — the Indian Rencwable Energy Development (IREDA)
was sct up to provide financing for renewables. IREDA has attracted significant multi-
lateral funding (GEF, World Bank..) in addition to the Government funding. There has
also been a shift in the approach of MNES/ IREDA from direct subsidics to a greater
emphasis on fiscal incentives and funds for concessional financing of rencwables.

MNES is structured with divisions based on techmology sreas — solar thermal, biomass,
solar PV, small hydro. The divisions are also clubbed together into groups based on end-
use arcas like the Power group and the Rural Energy group. MNES has also set up a Solar
Encrgy Centre 8 Centre for Wind Energy Technology and a National Institute for
Rencwable Energy. In addition to the central government ministry, different states have
set up their energy development agencies like the Mahsrashtra Energy Development
Energy (MEDA), Gujarat Energy Development Agency, West Bengal Renewable Energy
Development Agency. Each state nodal agency is responsibie 1o promote and support
renewable energy m their state. Another development has been the creation of 26 Aditya
Solar Shops with seed funding from IREDA to market and sell renewable energy

products in the region.

s



The MNES recently formulated a renewable energy policy, which targets 10% of the
! additional generation capacity to be realized through renewables by 2012.  The power
! generation potential from renewables, as per MNES estimates [10] is shown in Table 2.
i The potential estimates are uncertain. It is clear that the renewable energy potential is
significant. The key factor is to determine the economically viable potential. This point
will be discussed after we examine some of the renewable energy technologies in more

detail.

Table 2. Renewable Energy Power generation potentisf {10]
Source Potential (MW) | Harnessed (MW)
Wind 45000 11267
Biomass/ Bagasse 19500 292

Small Hydro 15000 1341
Waste-to-Energy 1700 1_6.2

Solar PV | 20 MW/km® 1.67
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2.1.2 Resources Assessment

The Wind Resources Assessment Programme (WRAP) carried out in India 4o reassess the
wind potential was one of the largest programmes of this kind in the world covering about
900 wind monitoring stations and mapping stations in 24 states and union territorics.
WRAP has so far identified 192 potential sites in 13 states. States with high wind potential
arc Tamil Nadu, Andhra Pradesh, Ksmataka, Kerala, Madhya Pradesh and Maharashira.
Wind encrgy potential in India has been estimated at 45,000 MW (at 50-m bub height),
however, the technical potential is estimated at about 10000 MW assuming 20% grid
penetration. This is expected to grow up with the angmentation of grid capacity in the
potential states. State-wise gross and technical wind power potential is shown in Table 4.

Table 4 : Wind Power Potential

States Gross Potential (MW) | Techaical Potential (MW)
Andhra Pradesh 8275 1290 |
Gujarat 9675 1450 :5
Karnataka 6620 o900 ‘_!
Kerala 875 400
| Madhya Pradesh 5500 ' ' 875
| Maharashta - 3650- 1 2500
Orissa _ ' ) 1700 400
| Rajasthan 5400 500
Tamil Nadu - 3050 1220
West 450 450
Total 45195 . 9935
Source : MNES Annual Report 2000.200]1
'
2.1.3 Technology -

Wind clectric generstors ranging from 55 to 750 KW rating have been developed and
technologies are now indigenously available in India. Wind turbines in the megawatt scale

of 500 MW has been cstablished. Wind electricity gencrators upto 750 KW unit capacity
are now being manufactured. Rotor blade, a cyucial component of wind tarbines, is
manufactured in India. Nearly 80 per cent indigenisation has been achieved.

Research & Development Efforts é

* State-of-the-art wind R&D centres and field-test stations have been established

* Electronic Research and Development Centre (ERDC), Thirusnanthpursm has
fabricaied an Intelligent Power Controlles for wind electric generators fo maximise
generation and to reduces reactive power requiremenis. The Controller is under ficid-
testing

¢ Electronic Research and Development Centre (ERDC), Thiruananthpuram is also
preparing guidelines for integration of wind turbines with weak grids

4]



Chapter 2 Asscisment of Renewable Energy Technologies

Introduction

This chapter reviews some of the important. renewable energy technologies for power -
generation. For each technology there is a brief description of the technology and its

current status in India. The technologies considered are Wind, Small Hydro, Solar

Photovoltaic, Solar Thermal, Biomass Combustion, Cofiring, Cogeneration, Gasification .

and Biogas. Typical values of costs are indicated for each of the technologies.

2.1 Wind Enpergy

Among the different renewable energy sources, wind energy has made a significant
contribution fo the installed capacity and has emerged as a viable and cost effective
renewable option for grid quality electricity. This is due to the multidimensional initiatives

under the Wind Power Programme taken up by the Ministry of Non-conventional Energy

Sources. This programme involved research & development, survey and assessment of
wind resources, implementation of demonstration and commercial projects, capacity

building for manufacturing, installation, operation and mamtenancc, promotional policies

and institutional and infrastructure development.
2.1.1 Status

- India is fifth largest mn&powcr producers in the wor[d w1th a wind power generating -
capacity of 1,267 MW. Table 3 shows the installed wind power capacity in India as on

Degember 2000. Some 26 project sites have been developed in‘the high potential states

under the demonstration programme, resulting in a capacity of 57 MW. 1,210 MW of -

power has come through commercial projects. About 6.5 billion units of electricity have

been fed to various state grids from wind power projects.
Table 3: Wind Power Installed Capacity (MW) : Deeember 31,2000

State | Demonstration Commercial Total capacity
_ Project ~ Projects
Andhra Pradesh 3.1, 86.5 89.5
Gujarat _ 17.3 149.6 166.9
Kamataka 2.6 35.3 37.8
Kerala 26 - 2.0
Madhya Pradesh 0.6 220 26
Maharashtra 6.4 149.0 - 155.4
Rajasthan 43 - 43
Tamil Nadu 19.4 767.7 787.1
Others 1.6 - 1.6
Total 57.2 1210.0 1267.2

Source : MNES Annual Report 2000-2001

¢

C G ¢ O



2.1.4 Econemics and Policies

Capital cost of wind power projects ranges from Rs. 4.0-4.5 crore per MW

Cost of generation is estimated to be Rs. 2.0-2.5 per kWh (depending upon the site)

These costs compare favourably with new conventional power project

Gestation period for wind encvgy projects is short and it also allows modularity

Cost can be brought down and profitsbility increased with technology improvements,

increased size of turbines and optimal planning and site selection

Amwdragw.mmzﬂpowplmmhdumawm

commercialisation of wind power generation in the country through:

* 2 country wide wind resources asscssment

* R&D support

. mhnaﬂmmofdmomm%baubmﬂmwofm
sites

+ close involvement of utilitics and industry

e development of infrastructure capability and capacity for manufacture, instaliation,
operation and maintenance of wind clectric generators

¢ adaptation of technologies for improved performance of turbines at low to medium
-mwmmmmmmmmmmﬂ
increased life of turbines o

e policy support .

Target achicvements of wind encrgy in the Bighth Five Year Plan period are shown in

Table 5. Targeted capacity for the next five years is about 1,000 MW. This will require an

investment of Rs. 40,000 million.

Policy Measures and Incentives: 'l‘hepohcyﬁmatmdwﬁtwmdw

projects are:

* Fiscal and financial incentives
wmmms&mwmwwmm

e Capitsl subsidics and Sales Tax jncentives in cestain staics

Table S : Target Achicvessents of Wing Energy iu the Elghth Five-Year Plan Period

re

Fiscal and Promotional Incentives .IndﬂnRenewableEnagyDevdopnunAgmcy
(IREDA) has been playing a significant role in promoting rencwable energy projects in
general and wind energy projects in particular. It has attracted bilateral and multilateral
financial assistance from the World Bank, the GEF, the ADB, etc. Major national financial
institutions have also been financing wind power projects. Another major development has

Category 1992-93 -1993-54 | 1994-95 1995-96 1996-97
) Actusl | Actus]l | Actual | Tarpet | Actual | Actwal
Wind power (MW) 1268 | 61.09 235 10 382.11 100
Wind pumps (No.) 23 L 4] 200 200 29 200
Wind battery chargers (No.) 4 6 15 35 1 35
[Utjagram (o) % | 25 [ 25 | - | - -
Source : rm&mmmmq&rwmzom
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been the entry of central and state power generating entities such as the National Thermal
Power Corporation and the State Power Corporation, in the wind sector. Other public sector
undertakings are also in the process of diversifying into the wind sector, and a few have
already initiated developing large wind farms.The following fiscal and prometional
incentives are available from the Central Government:

Concessional import duty on speciﬁed wind turbine parts

100 per cent accelerated dépreciation in the first yca:

Sales Tax, Excise Duty relief

Loans through IREDA

Five year Income Tax holiday

Sales Tax incentives in certain states

Fourteen states have introduced policies based on MNES guidelines:_

2 per cent Wheeling charges
Banking upto one year

Buy-back facility-at minimum price of Rs. 2.25 per kWh_

» 5 per cent annual escalation in tariff ‘

In case of ‘state government projects, 60 per cent of the wind turbine’ equipment,
maintenance. spares and erection and commissioning (subject to:a benchmark cost of Rs.
3.2 crore/MW) would be bome by the Central Government. Al other costs will be met by

the state government.
IREDA loans for wind power projects arc available under dlﬂ‘erent schemes, as follows:

¢ Project financing

o Equipment financing (up to 1| MW per party per financial ymr for gnd—connected
projects)

e Manufacturing equipment.

- Financing norms of IREDA have been.given in Table 6.

2.2 Small Hydropower

Small hydro projects (SHP) are environmentally benign and ecomnncally viable source of

encrgy and arc very useful for remote and hilly areas where exteusion of gnd is not

possible or is uneconomical. The environmental and social constraints involved in large

hydro projects are not concerns in small hydro projects. These projects have short gestation -

period. Small hydro pmjects have received sharp focus in recent years. Due to preferential
policies and incentives given to this sector by Mlmsu'y of Non-conventional Energy
Sources, it has grown four fold from 63 MW to 226 MW in the last 10 years. Small hydro
power projects upto 25 MW capacity have now been brought under the purview of MNES.

There is a renewed interest among many state governments to exploit their SHP potentnal
and 13 states have announced their policies to encourage private sector participation in
commercial SHP project. These are Himachal Pradesh, Uttar Pradesh, Punjab, Haryana,
Madhya Pradesh, Karnataka, Kerala, Andhra Pradesh, Tamil Nadu, Orissa, West Bengal,

Maharashtra and Rajasthan.

2.2.1 Resource Assessment
The Central Electricity Authority (CEA) has conducted a study for potential sites for small

hydro power of up to 15 MW in all states. MNES has a database of
4,096 potential sites with an aggregate capacity of about 10,071 MW for projects up to 25
MW. There lies a potential of about 15,000 MW of small hydro power in India.

Third Party Sales at remunerative prices ' ' 3
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22.2 Status

The number of projects set up / ongoing in different states and their capacity has been
given in Table 7. India has so far sct up 387 small hydro power plants of up 10 25 MW
capacity tolalling 1,341.05 MW. 170 projects of 25 MW with a total capacity of ncarly
498.28 MW are under implementation. Most SHPs are grid connected. However, there are
a few projects, being managed by local comnuumity organisations or NGOs. MNES has
recently started & programme on development and upgradation of water mills 10 enable the
direct use of mechsnical power for different uses. MNES has also lsunched a
demonstration project to study the performance of portable micro-hydel sets under field
conditions. Fifty portabic micro-hyde! sets of 5-15 kW capacity have been provided to
local bodies / communities in seven states.

Table 6 : IREDA’S FINANCING NORMS FOR 2000-2001

Ne Secter Interest | Repaymen | Morsteria | Minims | Term Remar
Rate (Peried | m(Maxi) =m Neovuss of IREDA
{exciugiv | including (Years) | Promsste
eof Moraterin rs* .
Imterest = Countriba .
Tax) (Maximn ~ tiom
(% pa) m) I (%)
] (Vears) - ——
() N - OF ) 3 . ] n ‘33
A. PROJECT FINANCING ¥
Wind Energy
(DDevelopment of Wind | 13.75 10 1 25 Ugpto 75% of ol
Farms on lease basis project cost
(i)Development of 13.50 10 1 25 100% of cligible
Wind Farms on cquipmest cost
ownership basis limited 10 a
msxinnem of 75% of
toial project cost i
case on project
smctioned from
inteymations] fandy
(EDDcvelopment of 13.00 10 b | 25 Uphl‘ﬂ‘d’pq’eﬂ
Wiad Farme by Machine total cost
wto 5 MW/Party per
year on buikt, operate,
own lease, tramsfer basis
(iv} Development of 1275 10 1 25 Upto 75% of project | = Existin-
Wind Fam/estaie with total cost Compa
minimom station sl
capacity of 10 MW by peefere:
Co-operstive Sector c
FPublic Secton/Joint * Loan 1o
Secte/Private Sector be
Companies on built, peovide
own, opernic, jesse, limes of
transfer basis subject to credit
following conditions: o Co-
minimum net worth of Rs. Socictic
100 crores if

e

13



d lov

{or equivalent) rating

shour
prof’
maky’

(v) New Technology 12.50 10 1 25 Upto 75% of project | Loan1
above 750 kW total cost providh™
machines ' only u:
internat”
al line
credit

Source : IREDA News |

2.2.3 Research & Development
India has a well-established manufacturing base for a full range and type of SHP

equipment. However, R & D is required to improve the efficiency and reduce costs of

equipment. The main objectives of R & D efforts are:

o simplification and optimisation of the system and equipment designs and engineering
practices

¢ reduction in the cost of different elements

e improvement in equipment reliability ' N

o development of techniques for speedy construction in order to reduce gestation period

“New concepts such as rubber dams, COANDA systems, SCADA system for computensed

project monitoring efc. are being tried out in various demonstration pr0jects .

2.2.4 Economics and Policies
Aims and Targets:The Government of India is encouraging prlvate sector parhctpanon for

-' setting up SHP projects. All the states have suitable policies in this direction, tb be
achieved through:
e anationwide SHP resource assessment

Encouragement to commercial SHPs
Special incentives to northeastern states to exploit SMALL HYDRO POWER potential

_ Projects aggregating 65 MW under the renovation and modernisation programme
Demonstration projects based on commercially viable and environmentally sound
technologies

» Upgradation of 100 existing water mills to muiti-purpose units

Cost Economics
o Engineering, Procurement and Construction cost of a: small hydro is USS 1,000/kW y -

e Evacuation cost is about US$ 4,000/ Km

¢ Total project cost
Fiscal and Promotional Incentives: The facilities available in the shtes mcludc Wheeling,

Banking, attractive Buy-back rate and facility for Third Party Sale

o
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Table 7 : State-wise Detalls of Small Hydro Power Projects Set up / Ougeing

State Pre set up Preojectsongoing
Number | Capacity (MW) | Number | Capacity (MW)

Haryans 4 4820 1 0.10
Himachal Pradesh 36 87.28 9 21.73
Jarmu & Kashmir 25 85.14 11 29.81
Punjab 15 . 100.90 3 130
Rajasthan 10 23.85

Uttar Pradesh & n 73.40 27 6728
Uttaranchal

Goa 1 0.05

Gujarat 2 7.00

Madhyz Pradesh & 8 39.16 3 2260
Chattingarh

Maharashtra 23 19533 6 14.00
Andhra Pradesh 36 128.21 20 . 44 81
Kamataka 27 138.35 1 2820
Kerala 10~ 69.52 i1 75.50
Tarnil Nadu , 10 - 73.85 3 10.40
Bihar & Jharkhand 10 48.95 9 - - 35.85
Orissa . 4 130 7 - 993
West Bengal 15 87.94 5 8.42
Sikkim 9 30.50 2 320
Arunachal Pradesh 36 33.07 12 20.61
Assam 1 2.00 10 51.11
Manipur 7 4.70 4 1.50
Meghalaya 3 30.71 7 028
Mizoram 14 . 11.76 3 15.50
| Nagaland 6 3.87 4 26.80
Tripura . 3 16.01 1 0.10
A & N Iland 1 525
Total 387 1341.05 179 498.28

e Detailed survey and investigation

* Detailed project report preparation
® Interest subsidy for commercial projects - up to 7.5 per cent im the hilly regions and up

1o 5 per cent in the plains

o Under special incentives for the northeastern region and Sikkim, a capital grant of Rs.

Sowrce : Tata Energy Data Directory & Yearbook 2000-2001
among others. In order to accelerate development of SHP power in the country, MNES is

7.5 crore per MW is available for SHP projects in the region

stations

Financial support for renovation and modemisation and capacity uprating of old SHP

1



 Financial support for development / upgradation of water mills
e IREDA provides soft loans for setting up of SHP projects up to 25 MW. The Financing

noms of IREDA have been given in Table 8.

2.3 Solar Photovoltaics o
Solar Photovoltaic (PV) technology based on solar cells provides one of the most

environmentally friendly -source of electricity generation. PV can be used both in sfand-
alone and in grid connected applications. It is useful for rural remote areas, urban domestic
and commercial establishments as well as for specialised applications such as in railways
and telecommunications. ‘

Solar cells are semiconductor devices, which convert sunlight into electricity directly
without involving any moving parts. Wafers sawn from mono or multi-crystalline ingots of
high grade silicon are the most used semiconductor materials for making solar cells today.
Thin film solar cells is being regarded as the technology for the future. A compicte PV
power system has a PV array, an energy storage system and necessary electronic, electrical
and mechanical subsystems.

India receives about 300 clear sunny days in a year. This is equal to- over 5,000 trillion

kWh. year, which is far more than the total energy consumption of the country in a year.

" The daily average solar energy incident over India varies from - -
tential of PV in different states on

- 4-7 KWh/m?, depending upon location. Table 9 shows po
ascaleof1to 4. ‘ '

Table 8 : IREDA’S FINANCING NORMS FOR SMALL HYDRO (2000-2001)

No. Sector Interest | Repaymen | Moratori Mipimum Term Loan/lending
' Rate t Period am Promoters’ Norms of IREDA
(exclusive | imcluding | (Maxi) | Contribution " Remarks -
N of Interest | Moratoriu | (Years) (%)
' Tax) m -
(% pa) | (Maximu A ?
SR TR |
= {le . = ._—'
1 _ (2) (3)_ G &) © : U] :
A. PROJECT X
FINANCING ]
Hydro Energy (upto 25 5
MW Station Capacity)
Mini Hydro : ;
(i) Upto 1 13.50 10 3 20 Upto 80% of total project |
MW ‘ cost. 100% of eligible |
Capacity equipment cost and 90% I :
: of civil cost limited to a
maximum of 80% of total )
project cost in case of
project sanctioned from
international funds
Small Hydro i
(i) Above 1 [ 13.75 10 3 25 Upto 75% of total project | —
MW and cost. 100% of eligible |

H
st
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‘A'

upto 3 oquipmendt cost and 90
MW of civil cost limited t0 2
Capacity maxiemen of 80% of Wi
progect cost in case of
project sanctioned from
¢ somal fund
(ii) Above 3 | 14.00 10 3 25 Upto 75% of total project
MW and costs 100% of eligibie
upio 25 equipment cost and 90%
MW of ciw! cost limited 0 a
Capacity maximum of 80% of total
project cost in case of
project sanctioned from
international fimd
Source : IREDA News )
i
Table 9 : Index of PV Potential by State ;
Very High Potential High Potential Low Potestial Vary Low Potestial
Maharashtra 3.8 | Bihar 2.8 | Jammu & 2.3 | Sikkim 119
Kamataka 135 | Madhya 28 |Meghalaya |22 | Pondicheny |[1.7
Pradesh > -
Gujarat 34 |Delhi 2.8 | Tripura 2.2 | Lakshadweep | 1.5
West Bengal 33 | Assam 28 | Himachal 21 [Danan& Din |15
_ | Pradesh &
Goa 3.3 | Manipur 2.7 | Arunachal 21 | Anllammn 15
Pradesh -t
Andhra Pradesh | 3.3 ] Orissa 26 Dedn& ‘|10
Tamil Nadu 3.3 | Rajasthan 26 .
| Punjab 3.2 | Nagaland 5 :
Uttar Pradesh 32 | Chandigarh 24 7
Kerala 32 |Mizorsm |24 il
Haryana 3.1
Source : mmrwummmmwcmmwm
1994
2.3.1 Market Base in India

mwmmwdmmqumwmahpmm
production volumes are of the order of 10 MWp. India is one of the larpest markets and
manufacturers of PV modules in the world after US, Japan and the Exropean Union.

In India, where more than 70% of its one billion population live in the rural sector, water
pumping (especially for irrigation) presents one¢ of the biggest markets for PV. . India today
has about 13 million clectrical pump sets in operation with a potential for six million more.
Of these, open wells total about two million. Even if 10% of these opea wells are
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energised (i.e. 200,000 open wells), this would translate to a2 demand for PV of the order of
200 MW, assuming 1 kW stand-alone PV systems. There are 100 million kerosene lanterns
in use in the remote villages of India. This represents a market for I GW of PV (assuming
replacement by 10Wp solar lanterns).

Assuming 25% of India’s population live in the urban sector (i.e. 0.25 billion or 250
million) and an average family consists of 5 members, this would represent 50 million
households. Even if 2% of this figure i.e. one million-households / houses opt for 500 Wp
PV stations, on an average, the demand for PV would be 500 MW. We have not talked
about commefcial complﬁxes, corporate buildings and farmhouses. With the kind of
demand anticipated, prices will no doubt ptummet down to Rs. 50 a Watt in the next 5 to

10 years.
2.3.2 Status _
About 65 MW aggregate capacity (about 8,00,000 systems) stand-alone PV systems have

been installed for various applications. 7,50,000 systems, aggregating to about 58 MW
have been installed under MNES’s PV programme. This includes 3,60,000 solar lanterns,
1,60,000 homelighting systcms, 43,000 street lighting systems and 3,575 water pumping

systems
MNES is implementing two ma;or schemes for the deployment of stand-alone PV systems

in the couptry: = .

. e, Lighting systems, stand-alone power plants and other speclalzsed systems

"» Water pumping systems for agriculture and related uses

Prominent regions. where SPV homehghtmg systems and power plants are in demand are
‘West Bengal, Rajasthan, hilly regions of Uttar Pradesh, Laddakh, Lakshdweep, Andaman
and Nicobar Islands. Eleven power plants of 250 kWp aggregate capacity have been
installed in Sagar Island in West Bengal.

Target achicvements of SPV in the Eighth Five Year Plan period are shown in Table 10. In
the last two decades, the cost of PV has gone down by more than 10 times, increasing

* accessibility for dispersed rural applications.
Table 10: Target Achievements of SPV in the Eighth Five-Year Plan Period

Category 1992-93 | 1993-94 | 1994-95 . 1995-96 1996-
. 97
Actual | Actual | Actual | Target | Actual | Actual
Power units (kWp) 143.36 122 100 30 | 89 50
Community lights (No.) - - - - - -
Domestic lights (No.} 3,043 6,399 500 1000 - -
SPV Lantemns (No.) - - - - - -
SPV Street lights (No.) - - - - - -
SPV Water pump (No.) 106 1894 1000 - 738 1000

Source : Tata Energy Data Directory & Yearbook 2000-2001

Aims and Targets: An all India SPV programme to develop cost-effective PV technology
and its apphcauon for large scale diffusion in different sectors, especially in rural and
remote areas is under lmp}cmentahon by MNES. Major components of PV programme

mnclude:
¢ Research and development
e Demonstration and utilisation



)

Al

e Testing and standardisation

¢ Industrial and promotional activities

233 Promisiag PV Technologics for Terrestrial Use

Monocrystailine silicon technology is the oldest and most enduring WorkHorse of all PV
technologics. While iaboratory efficiencies have reached 25%, manufactured efficiency is
in the range of 153 to 17.5 (14-16% module level). PV module efficiencies which are
close to_15% at present are expected to-increase 10 22% by 2010. The prices are also
expected to come down to $2/Wp by 2010. The basic raw material is sand (quartzite or
silicon dioxide), which is reduced to metallurgical grade silicon and then purified to

 semiconductor grade (99.9999% pure). Mono-crysialline Si technology is of the “imdirect

band gap’ type with very poor absorptivity. Minimum thickness of silicon material
required for absorption would be of the order of 100 microns or so. Today single crystal
wafers of 250 micyons thickness are available. Ingot pulling is encrgy-intensive and wafer
slicing wastes material (Kerf loss) upto 40-50%. Optical enhancement of incident light
entering the solar cell is achieved by various techniques including anti reflection coating,

texturing of the surface and laser grooved buried contact design and PERL (passivated

Silicon - Fidm:Today quite a few companies like Astropower are growing silicon film
epitaxially on low cost surfaces (like ceramic). The-thickness of material would be of the

- - order of 50 micro-mefers or less. The active layer (< or = 50 micro-metres) is supported by .
a substrate consisting of non-silicon material or Jow grade Si. Efficiencies of cells &

exceeding 16% have been achieved. PV module efficiency of 8-10% was achicved in 1998
and is expected to reach 12% this year. The price of silicon film on low-cost sobstrate is
expected to come down to $2/Wp shortly and is predicted to come down to $1.25/Wp by
2010. -

Polycrystalline Si sechnelogy is gradually overtaking singie crystal silicon technology in
terms of production capacity and shipments. Polycrystalline Si ingots are cast (and not
pulled with the help of a seed crystal) in square or rectangular shapes as opposed o the
round and pscudo-sqeare shapes of single crystal Si cells. In 1998, polycrystalline Si PV
moduies recorded efficiencies of 13-15% which are predicted to increase to 20% by 2010,
while prices are expected to fall to $ 2/Wp.

EFG (Edge defined flim fed growth) technology, petenied by ASE Americas, mvolves
the pulling of crystalline silicon tubes from growth famaces. Si pellets are melted in
furnaces at 1410°C. From the molten material, hollow ociagonal tubes are grown to a
height exceeding 16 feet before being removed from the famace and laser-cut cells to 100
mm squares, that are processed to make clectrically active thinner cells. Wire sawing &
consequent kerf Josses etc. are avoided. Cells are then scaled in a clear encapsulant
material, specially developed by ASE Americas, and then assembled into modules. Glass
is used as substratc and also as superstrate. 14% module cfficiencies were reporied in
1998. The cfficiency is expected to increase to 17% this year and to 25% by 2010 and the
price per walt is expected to come down to $ 1.25/Wp by 2010.

Conceatrator techmology. Concentrator technology which involves the concentration of
sunlight to a point or line focus through an optical interface got its impetus through Eberal
funding in U.S. during the oil crisis of the carly and late 70s. The PV concentrator
companies still active include Amonix (cell type m-Si, concentrator factor 260), BP
Solarex (m-Si, 30), Daystar (m-Si/Cis, 45), Entech (m-Si, 20), Hitachi (BI, mono facial Si,
2), PVI (m-Si, 9) and Solar Systems (Si, GaAs, 300-500). Amonix is well known for its
huge concentrator systems based on point focus fresnel lens system and on high efficiency
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silicon cells (26.5% efficiency). Currently 300 kWp of Amonix systems are installed in
Arizona (PHOTON International, Jan 2000). It is believed that a niche market for
Concentrators in the future could arise from BIPV (Building integrated PV) sector in
countries with higher diffused solar radiation.
Amorphous Silicon (a-Si} is using a p-I-n structure (‘p” layer, undoped intrinsic layer and
n’ layer} is perhaps one of the oldest of all this film technologies, initially finding use in
consumer (including non-PV) applications. The major advantage of a-Si technology is its
high absorptivity (40 times more than mono-crystalline Si) and hence the requirement of
mugch less matesial (one migron or 50). 4-Si can be deposited oniany substrate such as glass
(window glass), stainless steel (4 to 8 mm thickness) or plastics (kapton, polyimides). But
the biggest disadvantage of a-Si technology is its light induced degradation (in the first 12
to 16 weeks of its exposure to the sum) called the Staebler - Wronski effect. This ‘effect’
has been partially overcome by stacking cells (tandem cells) and using very thin ’p’ layers
or window layers or using micro crystalline ‘p/n’ layers in the top junction.
Due to the use of less material and to the ease of the manufacturing process (deposition is
by PECVD generally), a-Si holds the promise of the prices of modules coming down to $
1.25/Wp by 2010. Today prices are about $ 3/Wp. Module efficiencies are expected to
increase to 14% by 2010.
Cd-Te Cadmium Telluride offers the best match to. the solar spectrum with its band-gap of
1.43eV. It uses a CdS (Cadmium Sulfide) wmdow layer and Cd-To p layer 'l'he

* advantages of the cd-Te technology are :

- a)" High absorptivity. '
b) Cd-Te subhmcs congruently upon heatlng, liba'atmg Cd & Te in equal amounts
(1:1 ratio), the residue remaining stoichiometric Cd-Te. Cd-Te condenses

stoichiometrically as long as the substrate is heated about 400° Centrigrade
(approx). Films deposited at lower temperatures (not in stoichiometric ratio) can be
heated to create the single phase stoichiometric compound.
¢) Because of b) above, it is amenable to many deposition technologies such as closed
space sublimation, chemical spraying, screen printing, sputtenng, ‘spray pyrolysis,
. galvanic deposition, CVD; atomic layer epitaxy.etc._ .. .
d) Module efficiencies whick-are 6-8% today are expected to mease to 14% by 2010.
Prices are expected to come down to $1.25/Wp by 2010,
Copper lidium Diselenide CIS or CIGS i.e. copper indium gallium disbleénide is another
promising thin film technology that uses CdS as a window layer. Sometimes gallium or
sulphur are also added. CIGS cells are self repairing. They are stable and long-lived. The
material probably tends to repair itself because of the natural tendency of copper atoms to

" distribute themselves evenly and at great speed. They spread into damaged spots and carry

out the repair.
Gratzel cell or Dye-seusitised Tio2 cells The Graize! cell (also referred to as dye-

sensitized mono-crystalline TiO; or Photo-chemical solar cell) is a new type of PV cell, a
photochemical device that is based on dye-sensitization of thin (10-20 micro-meter) nano-
crystalline films of TiQ, nano-particles in contact with a non-acqueous liquid electroiyte.
Research & Development
Materials and Devices -

¢ Development of crystalline sificon thin film layers and low-cost substrates for deposition
of films
Development of large size solar cells / modules based on crystalline silicon thin.

films



Development of multi-junction amorphous silicon solar cefls / modules, pilot plant
demonstration

Development of devices based on new materials such as TiO;, carbon cells etc.

Improvement in solar cell efficiency to 14-15 per cent at commercial level and >20

per cent at rescarch level

WhPVMM,EMMM,Wy&m
eic.,

' Development of light-weight modules for use in solar lanterns and similar

application

Applications:

* 0

Improvements in system design for PV lighting systems, including development of a
new design of electronics used in solar lanterns
Wofﬁ@eﬁci@ymmmﬂmmng

onitls

Development of spill proof tabular plate lead acid batteries
development of maximum power point trackers
Develqmuﬁofb:gheﬂiamcywﬂupmmdmmuﬁmm

Dewlopmnofmdmmmgm

_Development of new PV systems
mlldnbahtymdpufummem‘uofbcmlogumdm

Development of solar roof systems and electronics used in solar roof systems .

PVPrMSohlmtam,homehglﬂnlesoluhmsyﬂkam

systems, stand alone PV power plants, refrigerators for medicines and vaccines, solar PV
water pumping systems for agriculture and related uses, and other applications of PV
technology, inclading new applications.

Investment Opportunities )

Opportumities exist in all major thrust areas

'Grid interactive SPV power projects of 500 KW capacity: manufactorers of solar cefls
and modules, industry and private scclor, can set up these projects by entering into
suitable power purchase agreement with SEBs

Joint ventures with global PV manufacturers

Setting up manufacturing piants as 100 per cent export oriented units

Technology transfer for PV module especially for PV models based on thin film
materials

.
L

Incentives & Duties

e 100% accelerated depreciation available in the first year.
e 5 years tax holiday on power projects.
Cosncessions to Eatrepremcurs Belonging to SC/ST, Women, Ex-Servicemen and

llndkapped Categories

Exemption from payment of following:
o Initial Processing and Documenitation charges
s Inspection Fees
¢ Legal Charges
¢ Expenditure incurred on Nominee Director(s)
¢ Front-end Fee @ 1.00%

ii) Concession of 5% in Promoter’s contribution
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a tall chimney (Figure 5). This glazing is maintained -

2.4 Solar Thermal

Apart from the solar photovoitaic route, discussed in the previous section, which has been
commercially exploited in the low power range, it is possible to obtain power from the
solar thermal route. Figure 4 lists the technology options for power generation from Solar.
Solar Thermal options involve using solar radiation to heat water or a heat transfer fluid
and then operate a power cycle with the fluid. Sukhatme [1,2] reviewed the options for
solar thermal power generation and classified the thermodynamic cycles as low (about
100°C maximum temperature), medium temperature (upto 400°C) and high temperature
cydes (above #00°C). Onk option for the low temperature cycles is to solar flat plate
collectors and use an organic ranking cycle with working fluids like methyl chloride,
toluene or refrigerants like R-11. The overall cycle efficiency is low. The high capital cost
($ 6000 /kW) and the low capacity factor (25-30%) makes this unviable. Two concepts
have been proposed in order to reduce the cost - solar ponds and solar chimney. A 5 MW
Solar pond based power plant was set up in 1984 in Bet HA. Arava with an area of 250,000
m? (50,000 m?/MW). Though this has been shown to be technically viable this is still not
an commercial technology. In India there has been some experience with solar pond for
thermal applications (hot water for a dairy) — operated by TERI in Bhuj but there has been

no attempt to use a solar pond for power generation.
An alternative concept that has been demonstrated is a solar chimney power plant {3,4]. In

the Solar chimney plant ,a transparent cover glazing is provided over a circular area around

Solar Power

i' 1
-'Th ' . AV AR

Low- Medium Temp. Up to High Temp. *

Temo. 400 ° C Line Focusing >400°C

_ , _ Parabolic Collectors
Solar Flat Solar Solar Pond
Plate Chimnev

Parabolic Dish Central Tower

Fig. 4 Technology Options for Solar power
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iii) Recbate of 0.50% in Interest Rate for all NRSE schemes of IREDA for
projects involving project costs upto Rs. 25.00 lakhs.

Concessions in IREDA’S Leading Norms to Entreprencurs for Setting Up Preojects in
North Eastern Ststes, Hilly Areas, Isiands Includisg Estuaries and Desert Areas

‘s Concessions in interest rate @ 2% per annum on all sectors of Renewable Encrgy
Projocts (other than Grid comnected Projects.  Entreprencurs belonging to
SC/ST/Women/Ex-Servicemen/Handicapped cafegory will be  eligible for
concessions. Concessions would, however, be subject to the condition that
minimum interest rate @1% p.a. would be chargeable.
The definition of Hilly Areas, Desert Areas, Islands etc. would be as
notified/announced/declared by way of Gazetie/Government
Ovder/Circular/Executive  Order/Specific Clarification letier by competent
authorities of Central/State Governments/Local Authonitics in the prescribed form
of IREDA.

References for 2.1 t0 2.3
Annual Report, 2000-2001, Ministry of Non-conventional Enesrgy Sources Indian Solar

PVMatdAmaadPubbatyCmmedopnmSmdylm prepared for
IREDA by ADMAR Services Pvt. Lid.
o IREDA News, Millennium Special, Vol 10, No4 Ou.-Dec. 1999

‘e Mwhmmﬁwgyw&ugyﬁﬁam&m‘keha?wga

Article by Col. T. S. Surendra, Executive Director, Polyene Film Industries Lid,

Hyderabad, Indis ¥

e Profilc on Wind Energy Programme, IREDA =~

s Rencwable Energy in India - Bm()wottnmhes,hﬂnmshyoflim—wnmoml
Energy Sowrces, 2001

» Solar Photovoltsics - Market Development Programme (World Bank Line of Credit),
guidelines for Loan Assistance, IREDA leaflet

s Tata Encrgy Data Directory & Yemrbook, 2000-2001, published by Tata Energy
RmmmNewDenn
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above the ground by a metal frame. The air trapped in the enclosed circular area get heated
and a natural convection system get established with the hot air getting drawn up through
the chimney. This hot air is replaced by fresh air from the edges of the circular glazing. A
Solar chimney plant of 50 kW capacity was built in Spain in 1983 with a'195m high, 10.3m
diameter chimney and a glazing 2m above the ground covering a radius of 126m. A Solar

chimney plant with a

Fig.5 Schematic of Solar Chimmey|4)

1km chimney and 100 million m® of collector area generating 200 MW was planned in

" Rajasthan [3). However the project idea has not been pursued. The cost is estimated at
$4600/kW. Though it has been estimated that this system might have the lowest life cycle
energy cost [4], this is not yet commercially available. Since 1983, no new plants have
been set up.
Of the solar thermal technologies, the maximum experience globally is with the
line focussing parabolic trough technology. These are medium temperature systems.
Figure 6 shows a schematic of a parabolic concentrator. The parabolic concentrators focus
the solar energy on the working fluid (synthetic heat transfer oil) that is heated to a
temperature of 400 °C. This is used to generate superheated steamn that drives a

conventional Rankine cycle. This is



Fig & Schematic of s parabolic concentrator

- the only solar thermal power technology that is commercially availsble with 354 MW ( 9

plmts)ofgndmdpwapmummmcmmmwmm
from 4 to 80 MW. The collector area for the 80 MW plant is 464340 m® ( 5800 m® /MW ).
The cost for the 30 MW plant is cstimated to be $29000/kW.

A 50 kW solsr power plant has been in operstion in the Solar Energy Centre at
Gurgaon. Due to maintcnance problems, the unit has been derated.
A 35 MW solar power plant in an Integrated Solar Combined Cycle (’SCC) plant of 140
Wuwmmmmmmﬁme?m-ma
the proposed ISCC plant. The total collector ares is about 219000 m? . The parabolic
colicctors heat a heat transfer fluid to 391°C. Mﬂmduudmmm(lM&,
371'C)hahwachlngw.1hismiswaheddb5mm&ehﬂavﬁhbk
from the
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Fig.7  Schematic of the proposed ISCC piant

exhaust of a gas turbine. Two gas turbines of about 35 MW each will be operated with
naphtha as fuel. The exhaust gases generate steam at 103 bar 500°C in waste heat recovery
boilers that have an option for supplementary firing. The steam from the waste heat
recovery boilers and the solar supplied steam are used to drive a condensing steam turbine
of 75 MW rating. The total capital cost of the plant is Rs 872 crores ($245 million). The .
Global Environmental Facility is providing $ 45 million towards incremental costs. The
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total ISCC cost works out to Rs 62,000/kW. However the incremental cost for the solar
component ig likely to be about Rs 90,000/kW.

The highest efficiencics possible are with concentration using the paraboloid dish or
the solar tower concept. Figures 8 a and b show schematics of the paraboloid dish and the
central receiver plants. In the paraboloid dish the concentrator tracks the sun by rotating
about two axes and the solar radiation is focused on the receiver (point focus). The heat
absorbed in the receiver is used to drive a prime mover normally a Stirling engine. The
efficiencies are the highest obtained in the solar thermal route- around 29%. Systems of
rating 8-50 kW have been developed internationally. A 20 kW experimendal wmit near
Hyderabad has been installed and an additional demonstration 10 kW plant is being
installed at Vellore. These are both based on imported technology.

In the central tower power plant the solar radiation is reflected from amays of large
mirrors (heliostats) and focussed on a receiver Jocated at the top a tower. A 10 MW solar
Mplmﬁohan)mmﬂdum&ﬁmmwm 1992 ©
1998. This had 1818 heliostats of 393 m? reflective area cach. Solar One was converted to
a molten salt transfer system using 8 mixture of sodium and potassium nitrate. Since solar
radiation is only available for 5-6 hours in a day, storage systems are also required. The
central tower is a costly concept ($4700/kW),but continues to be explored since the molten
salt receiver acts as a storage and the sysiem can have high capacity factors. Table 9 shows
a comparison of Solar Thermal Power Generation Technologics.

b ) | |
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Fig. 8 (a) Central receiver (b) Paraboloid dish [7]
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Table 9. Comparison of Solar Thermal Power Generation Technologies

Technology | Efficiency | Indian Status Capital Cost | Electricity
: Expérience (Rs/’kW) Cost
. (Rs/kWh)
Solar  Flat | 2% 10 kW exptl| D Rs 300,000
Plate unit at ITM
Collectors N
Solar 1% No experience | D Rs 200,000
Chimney 50 kW Spain ($4600/KW)
Solar Pond 1-2% Experience for { D -
hot water
Bhuj (Israel 5|
MW power)
Line - | Peak20% |50 kW system | C Rs 140,000 15 c/kWh
focussing Average in SEC ($3000/kW) ~ | Rs 6/kWh
Parabolic | 11-14% installed - 139 MW off-
- Planned 35MW. operating
} solar in 140 ' plants '
MW ISCC at 3
Mathania '
Paraboloid | 29% peak | Demo unit 20 | D Rs 150,000
Dish 12-18% kW near
Hyderabad
' 10 kW Vellore :
Central - 23% peak | No experience ' D ~Rs 200,000
Tower 7-14% (S4700/LW) |
D- Demonstration e L e r

£

C- Comunercially available technology
Data Sources [2-6]

1.5 Biomass

Fuelwood, agricultural residues (rice husk, sugarcane trash, coconut shells...) and animal
waste are the main biomass fuels. The advantage of biomass fuels is that it is available
throughout the country. Different biomass sources are available in different regions.
Biomass accounts for about 40% of India’s primary energy use [8]- mainly fuelwood
(about 20%), crop residues and cattle dung. The present biomass usage is mainly for
cooking in chulhas (cookstoves) with poor efficiency.

Aggregate estimates of biomass availability can be made based on the crop production data
and the residue to product ratio by Mukundaf9] estimated the biomass produced in 1997-8
1o be 545 million tonnes. OF this about 150 million tonnes is expected to be available for
power generation. This is estimated to be made up of 23% rice straw, 18% wheat straw,
16% other straw ,15% bagasse and 12% plant stalks. These residues are estimated to have
a generation capacity of 16000 to 18000 MW with a plant load factor of 68.5% (6000 hours

14



per year). The MNES estimaics 2 potential of 3500 MW from Bagasse based powc:
generation and an additional 16000 MW from other biomass that is already available {10].

in addition to residucs that are available, it is possiblc 10 have dedicated plantations
on waste land or degraded lands that are not normally used for agricultwre. in social
forestry programmes sustainable yields of 7-8 tonnes/hectarc/year have been achieved [11).
The waste land available in the country has been estimated to be between 66-130 million
bectares [9]. Using an average productivity of 5 tonnes/hectare/year and 100 million
hectares of waste land the total biomass svailable annually is 500 million tonnes which can
fuel power generation of 60000 MW at a PLF of 68.5% (6000 hours/ycar).

Biomass based power gencration can have higher capacity factors than solar or
wind. Figure 9 lists the different options for power generation from biomass, The
involve combustion, gasification or pyrolysis. The calorific value of biomass (on 3 dry
basis) typically ranges around 3000-3500 kcal/kg.

=

Cogeneration Dual Foel
Cofiring SIPGE '
Gas Turbines

Fig 9. Techuology Routes for Biomass Power
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2.5.1 Combustion

The most communly used route is combustion (thcnnochemlcal) The cycle used is the
conventional Rankine cycle with biomass being burnt in the boiler to generate steam
which is expanded through turbines to generate work output. The biomass power plants
account for 63 MW of existing capacity (15 projects). The average rating of the power
plants is 4 MW. This includes a 6 MW rice husk based power plant in Andhra Pradesh. A
5 MW project in Madhya Pradesh with rice husk as the fuel uses an atmospheric fluidised
boiler operating at 65 ata 485° C. A 12 MW multi-fuel biomass power plant has been set
up in Tamil Nadu [10,12]. Five grid connected projects accounting for a total capacity of
24 MW were commissioned during 2000-2001. An additional 29 projects with a total
capacity of 135 MW are under implementation (average project capacity of 4.6 MW ).

The net power cycle efficiencies that can be achieved are about 23-25%(5]. Most of the
boilers used are of spreader stoker (moving grate) type. The boiler efficiency is expected to
be around 70%. The use of a biomass dryer is likely to help improve the boiler efficiency.
The advantage of the combustion route is that the technology used is similar to that of a
thermal plant based on coal, except the boiler. In order for this technology to be
economicaily viable it is necessary to have larger plants (5 MW and higher). This wil’
require biomass collection and transport over a larger geographical area. It is preferable to
link these power plants with dedicated biomass plantations. A 5 MW power plant operating
for 6000 hours per:year would require a biomass plantation spread over 7500 hectares (with
‘an -average y:eld of .5 tonnes/hectare). The actual generation from these plants and their
operating experience needs to be reported to help decide future policies. The capital cost is

expected to be about 15008/kW (Rs 60000 -70,000/kW).
Technologies are commercially available with Indian manufacturers like BHEL,

Thermax, Triveni.

- 2.5.2 Biomass Cofiring
Cofiring of biomass along with coal in thermal power plants is another option which has

been adopted in some European countries and the US. This has not been tried in Indian
coal plants. This has been developed. by utilities as a response to portfolio standards and
developing markets for green power. Cofiring results in reduced greenhouse gas emissions
(since biomass is almost carbon neutral) and reduced local NOx and SOx emissions.
Reviews by Tillman [13] and Hughes [14] provide an overview of cofiring experience in
the US, economics and policy.

‘ Biomass cofiring tests have becn carried out in the US in coal power plants of rating
between 32-700 MW. Cofiring has been attempted for both pulverised coal and cyclone
boilers. The biomass used in cofiring has been wood /sawdust. Tests show that cofiring at
.. alevel of 7-10% (by heat input) results in a drop in boiler efficiency by 0.3-1.0%. The Net
Station Heat Rate(NSHR) increases with cofiring (by about 1%) for a 10% biomass
contribution by heat input. The NSHR for the cofired biomass component [13] works out
to 11,000 BTUAWhH (11.6 MJ/Wh) which is 10% higher than the NSHR of coal only
operation [10000 BTU/&AWh ( 10.5 MI/kWh) ] . Apart from the deterioration in the heat
raie there is a change in the properties of the ash, It must be ensured that the ash is
acceptable as an input to the cement process.

_ Cofiring can be done by a) blending biomass with coal or b) firing biomass
separately. The capital cost of modification is lower for blending ($50-$100/kW of
biomass capacity) than for scparate biomass firing ($175-$200/kW of biomass capacity).
The cost is about Rs 9000/kW of biomass capacity. This has been found to be the most
cost-effective way to increase the biomass share in the power generation mix and reduce



carbon dioxide emissions. Cofiring does not increase sysicn capacity. Hence the capital
cost comparisons arc nol appropriale with new generation facilitics. The ecomomics
depend on the differential between the coal price and biomass price and is walikely to
justify the incremental capital cost in the absence of amy credits due to reduced Jocal and
global emissions. It is suggested that a few pilot cofiring experiments could be tnied in
India to evaluate the economics and gain operating experience.
2.5.3 Cogeneration
Cogeneration in sugar factorics using bagasse is a viable option. Cogeneration is the
simultancous generation of power (clectricity or motive power/shaft work) and process heat
(steam). The process steam required in sugar factories is &l low pressures - most of the
steam is required at 2 ata, a small portion is required at 6 ata. Traditionally sugar factories
have been designed to meect most of their power requirements during the crushing season
from the bagasse itself . All sugar factories already have cogeneration of steam and power.
However the steam generation pressures are low (usually 21 atm absolute [ata]). Figare 10
shows the typical configurstion for a 2500 tonmes crushed per day (tcd) sugsr factory. The
mill tarbines and power turbines arc old and inefficient.

If the stcam generation pressures are increased by using a high presume boiler, the
sugar factories can export surplus power to the grid. A large number of options arc

possible. The following options have been proposed [15]:
. a)" Replace the milling turbines by cfficient electric motors and the power turbine by

. an efficient backpressure turbine.

b). Increnseﬂ'emwonmmﬂmnﬁMWbM'C(m
boiler). Mmdhngdnvesue:uamndmdnddmm!mbmm-e
incladed.

c) Include an additional stcam turbine and a high pressure boiler gencraling steam at
65 ata 480° C

d) In addition to c) replace the milling turbines by an efficient back pressure trbine

¢) Similar to d) but with a condensing extraction turbine.

A schematic of the configuration for (c) is shown in Figare 11. The power outpnt in each
of the cases is given in Table 10. In case e) the power_available for export is maximem 9.5

MW for a 2500 ted plant.
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Fig. 10 Schematic of a Typical existing Cogeneration configuration in
a 2500 ted sugar factory [15]
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Fig. 11 Schematic of option (¢) for a 2500 ted sugar factory [15]
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Table 10 Comparison of different options for a 2500 tcd plant.

CASE Power Output Export KWh
exportftc.

A 5.4 MW 1.9 MW 18

B 7.5 MW +milling | 5.0MW | 48

C 6.8 MW +milling |[43MW |41 “

D 10.7 MW 7.2MW |69

E 13 MW 9.5MW |91

Source {15]

Other. estimates [16] indicate that the power export potential ranges between 60-80
kWh/tonne of ¢ané crushed and can be increased to 100 kWh/tonne of cane crushed with
- efficient condensing extraction turbines. This is similar to the range shown in Table 10.

- The average steam consumption per kWh is 10-12 kg as compared to 7-9 kg of steam/kWh -

in sugar factories in Hawai[16). Energy efficiency options to reduce the steam requirement
can increase the power export by an additional 20-30 kWh/tonne crushed [16,17].

MNES estimates indicate a potential of 3500 MW net (additional) exportable
capacity from the Indian sugar factories. Thirty four bagasse - based cogeneration projects
aggregating 210 MW have been commissioned till March 2001. The average export
capacity of these plants is 6 MW per plant. The projects implemented have been with steam
conditions of 60 ata (some are lower). New cogeneration projects designed with steam
conditions of 87 ata and 515 °C are being implemented [10}. There are proposals to have
cogeneration plants with higher pressures of 105 ata in Maharashtra and Kamnataka. The
gross calorific value of bagasse (mill wet basis) is 2300 kcal/kg [16]. None of the sugar
factories in India have installed bagasse dryers. Bagasse dryers would improve the

efficiency of the cogeneration plants.
Bagasse based cogeneration has the problem that the :mll operates only during the

crushing season (7-9 months a year). Bagasse can be supplemented using other biomass
fuels such as cane trash and rice hulls so that there is power export throughout the year. An
Advanced Bagasse Cogeneration project component in an USAID sponsored pilot phase of
the Greenhouse Emissions Prevention project [16] focussed on the use of alternative fuels
in sugar factories during off-season.

There are about 430 sugar mills in India. In terms of equivalent 2500 tpd mills,
about 360 were in operation during 1996-97 [16). Based on the option discussed earlier
(case- e) this would result in an exportable power output of about 3500 MW. Sugarcane
production has been increasing at 3-5% per year. Hence the cogeneration potential can be
expected to increase at this rate. The capital cost of the plant is around $ 450/kW of output
or $650/kW of exportable surplus . This works out to around Rs 30,000 per kW of surplus
power which is cheaper than setting up a new fossil fuel power plant. The incremental fuel
cost is low and depends on the alternate use of the bagasse. The total cost of electricity

supply is likely to be about Rs 2-3 kWh.



. MNES provides an interest subsidy on term loans for cogeneration in sugar. Thu
interest rate reduction is 3% for 80 ata and above, 2% for 60 -80 ata and 1% for 40-60 aia.
Most state governments have announced policies that fix buy back rates, permit wheeling
and banking [10). To encourage co-generation in co-operative and public sector mills a
Joint venture/ Independent Power Producer model has been proposed by MNES in the
major sugar producing states. Capital subsidies arc available for the first projects of these
types in each state.

Many of the sugar factories are in the co-operative sector. They are traditional
confidence to operate high pressure stcam based power plants. The capital investments arc
significant , about Rs 300 million for a 2500 icd plant , and the sugar factorics are hesitant
to make thesc investments. At present boilers and turbines are available in India from
suppliers likc BHEL, Thermax, ISGEC, Triveni. Grid intercomnection and recovery of
ducs from the State Electricity Board is a problem. In the context of the Dabhol Power
Corporation controversy and the MSEB financial situation, MSEB is reluctant to sign fresh
Power Purchasc agreements with sugar cogenerators. There are also difficulties in
obuiningoﬂlmﬁldﬂulwillpamiunywopuﬁon.

2.5.4 Biomass Gasification
Wofmmnupo@kbmvmmemwpmmby

- - gasification (partial -combustion). Thermochemical gasification involves buming the
.- biomass with insufficient air so that compicie combustion doesn't occur but a gascous
product is obtained. Producer gas is a mixture of carbon monoxide and hydrogen. Gasifiers
are classified ss updraft or downdraft depending on the direction of flow of the biomass
and the producer gas. In a downdraft gasifier the biomass and the gases flow in the same
direction (downwards). These are also known as co-current gasifiers. Updraft gasifiers have
the product gas flow countercurrent to the biomass flow. Figure 12 shows a schematic of a
downdraft gasifier [18]. Gasification can also be classified based on the medium used as
" air, oxygen or hydrogen gasification. These gasifiers are also known as fixed bed gasificrs
and “operate st stmogpheric pressures.- Moving bed and fluidized bed gasifiers are other
technology options. The updraft gasifier is more efficient than the downdraft gasifier but
the producer gas has a greater amount of tar and particulastes that might create problems in

mm:ammm&mu&dﬁwﬂwmlmwﬂn
gasifier and undergoes the following sequence of processes -drying, pyrolysis, axidstion
and reduction. These processes are controlied by the zone temperstures. A condolled
amount of ir is passed through the tuyeres at the oxidstion zone. The gas formed is
passed through a cooling and cleaning sub-system that usually consists of a cyclone for
particulate removal and a scrubber for cooling and cleaning the gas (removing the tar).
Some ash is formed from the oxidation reactions. The ash moves through the reduction
zone and gets removed from the ash disposal system (grate and ash collection system). The

¢
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typical composition of producer gas is 20-22% CO, 15-18% Ha, 2-4% CHy, 9-11% COz and
50-53% N (by volume). This is a low calorific value fuel with a calorific value of 1000-

1200 kcal/Nm’. This is primarily due to the presence of a large proportion of nitrogen. The
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Fig.12 - Schematic Diagrain of Gasifier -Engine System [18)

(compression-ignition) in a duel fiel mode. Typical gasification efficiency obtained is
about 70%. Diesel replacements of upto 70-75% have been reported.

India has significant experience in atmospheric fixed bed gasifiers. About 1700
gasifiers have been installed with a total installed capacity of 34 MW. The average size of
the gasifiers is 20 kW. Biomass gasifiers were initially developed for diesel replacement in
agricultural pumpsets. Gasifier models were indigenously developed around 1986. During
the initial years of the National Demonstration Programme (1986-1994) the emphasis was
on agricultural pumpsets of 5 and 10 hp rating. A feature of this programme was heavy
subsidies on gasifiers, pump-sets and diesel engines. It is estimated that the majority of
installations (80%) during this phase become inoperative within one to three years of the
system installation[19]. Target beneficiaries took little interest in the programme and
reverted back to full diesel operation, after the initial few hundred hours of operation.
Subsidies were misused to obtain a diesel engine pump-set at a cheaper rate. Despite this




)

there was importani technology demonstration and experience oblained in the installation~
that continued to operate with the gasifier.

Since 1994, the Government policy was changed with subsidies being roduced
Subsidics were now restricted only to the gasifier. This initially resalted in a drop in the
number of annual installations, but the programme is now more market oriented. A large
proportion of instaliations are now from interested beneficiarics.

Biomass gasifiers typically have been developed cither for wood or for rice-husk

- Other fuels that have been used are cotton stalks, coconut shells, saw dust, palm shells,

comn cobs. Installations range from 3 - 500 kW capacity. The biomass input required ranges
from 5-500kg/hour for electrical outputs ranging from 5-500 kW. The largest installation
size is 500 kW in Gujarat that is being connected to the grid. A 500 kW (5x100 kW) rural
clectrification system has been installed at Gosaba in Sunderbans (West Bengal). A 100
kW rice husk bascd gasifier has been installed in a rice mill in Andiws Pradesh. Almost ail
pasifiers systems instalied are stand alone. Most installations use diese! eagines in the dual
fuel mode. The economics of a gasifier power plant depends on the load factor, extent of
diesel substitution, price of diesel and biomass. There are a nnber of manafacturers-
Ankur Scientific (Ascent, Baroda), Netpro, Cosmos (Raipur), AEW and Tanakn Four
Gasifier Action Rescarch centers have been cstablished st the Indian Instite of
Technology (IIT) Bombay, Indian Jnstitute of Science ( [ISc) Bangalore, Indian Institute of
Technology (IIT) Defhi and Madurai Kamiaraj University (Tamil Nadu) &0 provide
technical support to the gasifier programme. Decentralised Energy Systems budia (DES]
Power) his sct up six projects as indepondent rural power producers (IRPP) in various parts
of the country. The first installation was at Orchcha in Madhrya Pradesh ( 100 kW rating -
2 units of 50 kW each). DESIWWMMaIOOkWRPPﬂMmbyH
persons mxl another 56 downstream jobs in new small scale industries (becanse of the
availability of electricity).

The cost of a biomass gasifier engine system is Rs 45000- Rs 50000 per kW of
installed capacity. Using a consumer discount rate of 12%, the price of clectricity ranges
from Rs 3/kWh (at a load factor of 70%) t0 Rs 4.3/kWh (at a load factor of 30%) for 70%
substitution and a diesel price of Rs-16 per lire and biomass price of Rs 10008omne. At
higher discount rates that are normally prevalent for companies (30%), the prices increase
10 Rs 3.7 -5.7/KWh at the respective load factors. The electricity supply price is sensitive
1o the diesel price and the substitotion.

A more viable option is likely 10 be a dedicated producer gas engine as there is oo
diese] cost. There is some experience in IISc Bangalore with a dedicated producer gas
engines. There is an inter-university collaborative project  funded by the UN foundation

Laboratory and TER!I that is planning to inatall a dedicated producer gas engine of 100 kW
operated using biomass in a milk chilling plant in Kamataks,

The gas turbine route is potentially more efficient, but there is no experience with
the Biomass Integrated Gas Twrbine Combined Cycle (BIGCC) in India. International
experience in BIGCC is limited and the technology is still in the demonstration phase. The
BIGCC systems are in in the MW range , have higher cfficiencies but are costly and not yet
proven. Figure 13 shows a block diagram of the different components of a BIGCC plant. A
BIGCC demonstration plant has been set up a2 Vamamo, Sweden [20] using a circalating
fluidised bioler operating at 22 bar. The power plant cogenerates heat and power and is
rated 10 produce 6 MW of clectricity and 9 MW heat. The plant cost was $ 39 Million in
1993. The plant operates on wood powder from forest industry waste and has an electrical

efficiency of 32%.
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There is a wide variation in cost estimates of the different technological routes for
power genesation from biomass. Research on conversion of biomass into liquid products:
by Pyrolysis is a relatively new technology which might be worth exploring especially with
high biomass prices [21]. .

Vacoum Residue
Feed Srst'_e_n

Air Sepantion ‘ . F
1 Unit Solid  (Waste Water) Saolfur

Waste K )

IGCC BLOCK.FLOW

Fig. 13 Schematic of an IGCC plant

2.5.5 Biogas
Biogas plants ,both family and community sizes, use biochemical digestion by anaerobic

bacteria. Biogas has a higher calorific value than producer and can be directly used in a
diesel engine or a dedicated gas engine. Biogas consists of 45-70% methane (CH,) with the
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is estimated to be Rs 6.5/kWh for 5 howrs a day operation. This can reduce 10 about Rs

4/kWh at load factors of about 70%. Capital subsidies are

available for biogas plants from MNES and concessional Joans are available from IREDA.
About 3.1 million biogas plants have been installed in India till 2001 March. This

is about 25% of the estimated potential of 12 miilion plants. About 3000 community biogas

plants have been installed. Most of these installations are only for heating and lighting.
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remaining being carbon dioxide (CO;). Figure 14 shows a schematic of a floating domc
biogas plant. The digestor is a well containing the animal waste slurry. The dome floats on

the slurry and acis as a
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Fig. 14 Schematic of a floating drum Biogas Plant {17]

gas holder. Theqmtslwryzsdudgcthatcanbeuwdasafﬂuhser Thereact:onxs
anaerobic (in the absence of air) digestion that occurs by bacterial action. Family size
plants are typically rated at 2m3/day while community biogas plants have ratings of 12-150
m3/day. A family sized unit needs to have 2-3 stall fed cattle to supply it. The calorific
value of biogas is 16-25 MJ/m3. The biogas can be used for cooking or can be used as a
fuel driving a diesel engine in the dual fiuel mode. Indian designs typically have been the

" floating dome type (Khadi Village Industries Corporation KVIC design). Several modified
Chinese designs of fixed gas storage dome design (Deenbandhu type) have also been
manufactured because of their low cost. Most Indian biogas plants have been designed to

operate on cattle waste (cow dung).

A successful biogas plant case study is the Pura {17, 22] community biogas system
that was installed in 1987. The biogas plant is a KVIC type floating drum plant rated at 42

‘m3/day. The capital cost of installed capacity was Rs 31,400/kW (in 1992 prices). The
biogas plant operates a 5 kW diesel engine that is connected to a 5 kVA, 440V three phase

generator for electricity generation. The power generation system operates for 4 hours per

day with 77% diesel substitution.

The current capital cost for a biogas plant comnected to a diesel engine-generator is
estimated to be Rs 50000-60000/kW. The cost of electricity depends on the load factor. It
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Chapter 3 Conclusions

3.1 Renewabile Power Projections

Since renewables are still in the initial stage of development it is difficult so project future
growth profiles accurately. The growth in the last 8 years (1993-2001) has been significant
with annual growth rates of 39%. If this growth persists for another decade, the 2011
renewable capacity would be 80,000 MW. Is this a realistic future growth rste? Consider the
total installed capacity of India - approximately 100,000 MW. If this capacity grows st 7%
per year, the total installed capacity in the Indian power sector in 2011 will be 196700 MW
(an increase of 96,700 MW or 9600 MW capacity addition per year). The cstimate for
renewable capacity would account for 80 % of the new generstion capacity. This scems
unrealistic since rencwables currently accounts for only 3% of the total instalied capacity.

By 2011 ifﬁkpﬁeﬂhﬂea!%mﬁbmamﬂm:wm

capacity of 19670 MW or 20% of the ncw installed capacity from rencwables. Is this
feasible? Most of the renewable growth has been from Wind and Small Hydro. The wind
potential has been estimated at 45000 MW. The MNES itself has assumed that the technical

potential is sbout 10000 MW. The wind capacity addition per year has been an average of
--200 MW/year over the last few years. This could be increased 40 an.average of 400 MW/year

(anmual manufacturing capacity of 500 MW already cxists). Hence the final estimate for
Wind power in 2011 is likely to be between 3000- 5000 MW depending on the diffosion rate.

The small hydro instalied capacity is 1341 MW and the projects under construction account
for about 500 MW. The potential for small hydro is estimated at 15000 MW. The cstinate
for Small Hydro in 2011 is 5000-6000 MW. Thesc two technologics are currently market
driven, though government policics and incentives can affect the diffusion. The key ®o
achieving the 10% rencwable share depends on the growth of Biomass based power
generation.  The Biomass based cogeneration potential in 2011 would be about 4700 MW
(estimating'.a 3% growth in the sugar production smrmally). Since the cconomics are
extremely attractive, it should be possibie to tap 40-50% of this potential. This would require
significant policy interventions. Hence the Biomass cogeneration target in 2011 is estimated
as 1700-2300 MW. At present about 135 MW of Biomass combustion power plants are
under construction while 24 MW were added in 2000-2001. Biomass combustion based
power plant capacity can be added at an average rate of 50-100 MW/year. This would result
n a 2011 estimate ranging between 560-1060 MW. Biomass gasifiers, Biogas based power
generation and Solar Photovoltaic are expecied to cater to the requirements for stand-alone
dispersed power gencration. Official statistics indicate that 18,000 vn-electrified villages e
remote and will not be feasible to connect to the grid. These are expected to be electrified
using rencwables. The average population of a village in India is 1125 (around 200
houscholds). Almost 50% of the total number of viilages has a population less than 500
houscholds. The average number of houscholds in the unclectrified villages is likely to be
lower than the electrified villages. Assuming an average of 100 houscholds, the instafled
capacity required would be about 30 kW per village. This would imply a total potential of
540 MW in decentralized power systems. Significant policy interventions and institutional
changes would be required to meet this potential. A capacity of 19700 MW cosresponds to
an annual growth of 20% that is about half of the actual growth rate achieved during 1993-

2001 (39%).
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In addition to the technologies that are proven and available commercially, it is necessary to
try out and obtain experience in some of the renewable energy technologies by a series of
demonstration projects. A list of technology demonstrations that should be tried in India is

provided in the next section.

3.2 Technology Demonstrations
- The following technology demonstration pmjects would be useful for deciding future

alternatives:
a) Tidal power plant — 3-5 MW range
b) OTEC - already in progress — 1 MW -
¢) ISCC- 35 MW — In addition to this there is a need to develop capability to
~ manufacture parabolic concentrators for steam generation.
d) Biomass Gasifier nnning a gas turbine of about 1 MW range
¢) Cofiring of biomass in a coal based power plant
f) Bagasse dryer installation in a sugar factory with a condensing extraction steam
turbine

g} BIGCC for a sugar factory - This would result in a significant increase in the surplus

~apilot scale for a sugar factory. .
'h) ‘Biomass gasifier/Biogas based micro-tutbine. operahon
i) Power generation from large scale mumclpa! waste blogas plant

T e

3.3 Policies
A target of 10% renewables by 2011 mnotgomgtohappen in a business as nsual scenario.

Several policy changes are required to facilitate this. A few policy issues and directions are
discussed here.

a)  Extermalities — Most renewables have the benefit of being clean, green fuels. They
- technologies have adverse health :mpacts due to local emissions of sulphur dioxide, nitrogen
oxides and particulate matter. Studies in Europe have shown that most of the external social
coﬁsofenergysupplyandmcamduetothcheelthnnpacts There is a need to devise
metrics and techniques for incorporating extemalities in the social.choice of deciding

appropriate power generation technologies.

Life Cycle Assessment or fuel cycle analysis techniques can be used to determine the total
emissions and impacts associated with a particular option. The need to stabilize and control

greenhouse gas emissions globally is providing a new impetus to the development of clean .

fuels. Table 11 shows the carbon dioxide emissions per kWh of electricity generated by
different technologies. ,

Table 11. Carbon dioxide emissions fromi power techwologies in g/kWh {1]

Coal | Advanced | Oil Gas | Nuclear | Biothass | PV Hydro | Wind -
Coal o R .

T960- | 800-860 | 690- |460-. |9-100 |37-166 |30-150 | 2-410 | 11.75

1300 ' 870 1230

power generation from bagasse, However the, technology needs to be tested at least at -

have significantly lower local and global emissions. Fossil fuel based power generation



A life cycle analysis of a biomass gasification combined cycle (BIGCC) plant [2] revealed a
net carbon dioxide emissions of 46 g/kWh. This consists of 28 g/ kWh associated with the
feedsiock production, 6 g/AWh with transportation and 12 gAWh with power plant
construction. The net carbon dioxide emissions from this biomass route are only 5% of the
carbon dioxide emissions from a conventional coal based power plant.

b) Monitoring and Verification — In the initial period a lot of the rencwable
development has been on upfront subsidies and incentives. 1t is necessary 10 evaluate the
track record of different renewables for power generation in India. There is competition
between rencwables. Most technology developers and marketers try to overstate the benefits
and conceal the problems. It is necessary to  have independent monitoring and verification
agencics that would do energy and financial audits of the facilitics. The information
regarding the performance of different rencwabie power plants needs to be collected and
eomp:lodmdnndepublw!yavmhble.ﬂ:smmﬂﬁhmmdqﬁumdabbgu
the true picture.

c) Cost Recovery--In the case of rural electrification , recovery of costs is a key issue.
The price of electricity from dispersed rencwables (isolated) is likely 80 be high if the load
factors are low, The average price can be reduced only if this is linked with some rural
industries like cold storages, oil mills.. Different models for cost recovery need to be tried.
lmmofmeﬁamgmdblllmgmedtobeaddlused. ' -

d)  Utility Mindset- In case of grid connected systems the utility attitode Sowards
renewables critically affects its adoption. Indian utilities are facing a crisis of payment . They
are hesitant o coter into power purchase agreements with rencwabie power plants. Even rates
regarding wheeling and banking have suddenly been revised in some states. The utility bas
traditionaily been interested only m large power plants. Hence there is a need %0 increase the
mofmmmhmmﬁmﬂmmm

dispersed generation.
c) Mhmmmmkumbmmhdm

performance. This could be included in the tariff structure.

D Strategy Think tank- It is necessary to have a collsboration between the
Government (MNES, State govis), industry and academics to evolve appropriste policy
interventions, thrst areas and technology development and research plans for renewable
power.

g Manpower training- The rencwable installed capacity is similar 0 the nuclear
power is significantly better than the rencwable field. There is a need to train quality
manpower for the renewable power sector.

h) Imstitutions - A scparate joint venture for Biomass Power Generation on the Eines of
the National Thermal Power Corporation or the Nuclear Power corporation is likely to help
effectively plan and implement new biomass power capacity.

5
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1) Policy experisnents- I the case of rural clectnﬁcamm there is a need to try out
alternative implementation strategies with private, co-operatwe ownership, different recovery
mechanisms. The results from policy experiments in different states should be well
documented and critically assessed before deciding on replication models.

India has the potential to tap signiﬁcant renewable resources, This will need flexible and
innovative approaches by policy makers.
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MUNICIPAL SOLID WASTE MANAGEMENT
FOR CLIMATE CHANGE MITIGATION

STRUCTURE OF PRESENT PAPER

Mcthane is a Greenbouse Gas (GHG), twenly one times more poterd than the carbon diooude.

Decomposition of organic components of the municipal solid wastes is one of the magor sowrces of

methane gencration. Proper panagement of municipal solid waste through reduction of waste,

wiilisation of reusable parts, and transformation of waste mio economically useful products will

reduce the volume of waste disposed anx! left out for decomposition and would thus reduce methane
-

This paper starts with a brief introduction to climase change, sowrces of grecnhouse gas emissions and
contribution ¢tc. The umin thrust of the paper is how trough proper management of emmicipal solid
waste, methane emission could be brought down which is a siep lowards climate change mitigstion.
The paper gives a brief introduction to various solid waste management techniques and discusees in
detail the biomethanation process where methane generated could be transformed W0 energy for useful

purposes.

INTRODUCTION 3o

Sources of Methane Emissions

Methane is produced from & wide varicty of anaerobic processes. Two main pathways for methane
production have been identified. These are (i) reduction of OO, with bydrogen, fatty acids or alcobols
as hydropen donors and (ii) transmethylation of acetic acid or methyl alcohol by CH, producing
and other aimals, bionss buming, cosl nuning, oil and gas systcms, aad landfills it &= estimted
that 525 Tg CH, is conitied per year into the atmosphere from all natural and sndsopogenic somrces s
mdicated in the Tabie 1.

Table 1 : Global Estinsated Seurces of Methane'

Source - Ansust Relesse (Tg CHL) Range (Tg CH)
Natwral
Natoral Wetiands 115 100-200
Enteric Fermentation (msmal)’ 80 65-100
Termites 40 10-100
Occoms 10 520
Freakrwater 5 1-25
CH,y Hydrate Destabilisation 5 0-100
Human Activities
Rice Paddies’ 110 25- 1%
[ Gas Drifing, verding, rapsmission a5 B8
Biomays Burning 40 2080
Cosl Miming 35 19-50
Landfills 40 2-%
Total 525

MMdCﬁmMWMmmmm 1990.
mmmmmmmnﬁnn 1978 10 467 milion in 1992, expecied

mbmnﬁnnm
MWWBQ&?"M&M-ME:M
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Table 2 gives an estimate of methanc emssions from India due 1o various anthropogenic activities.

Table 2 : Mcthane Emissions [rom human activities in India’

Energy Annaal Release (Gg CH,)
I Biomass burning 1579
2 Solid Fuels 330
3 0il and natura) gas 626
Agriculture ' -
4 Enteric Fermentation 7563
5 Manure management 905
6 | Rice cultivation 4,070
7 Field buming of agricultural residues 116
Wastes

8 Solid waste disposal on land (landfills) 334
9 Domestic and commercial waste water 49
10 | Industrial waste water 2,905

Ice cqre dala indicate that the atmospheric concentration of methane (CH,) avetaged around 0.8 ppmv
between two hundred and two thousand years ago, increasing to 0.9 ppmv one hundred year ago.

Amospheric methane concentrations have been measured directly since 1978 when the globally
averaged value was 1.51 ppmv. Currently, methane concentration in the atmosphere is 1.72 ppmv
corresponding to an atmospheric reservoir of about 4900 Tg  (1Tg = 10'?g) and it is increasing at the
rate of 14.617 ppmv per year (40 to 48 Tg per year) or 0.8 to 1.0 per cent per year. The atmospheric
conceniration of CH, in the Northem Hemisphere is 1.76ppmv, compared to 1.68ppmv in the
Southern Hemisphere.

While methane’s concentration in the earth’s atmosphere is small, it has a significant contribution to
future global warming because it is a potent greenhouse gas with its global warming potential 21
times more than that of carbon dioxide. The contributions of varicus gases to the total increase in
climate forcing during the 1980s is shown as a pie diagram in Figure 1. Methane cumently
contributes for over 15 percent to the change in radioactive forcing (global warming) from 1980 to

1990.

* Asia Least-cost Greenhouse Gas Abalement Strategy : India (ALGAS), 1998
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Figure | : The Coatributions of Human Induced Greenhouse Gases to the Change in Radiative
Fercing from 1930 te 1990 (IPCC, 19%0)

Conceniration of methane in the atmosphere is increasing rapidly. s strong ability to absorb isfrared
radiation, combined with its relatively short atmospheric lifetime of 10 years against 50-200 years for
cabmmxb,mkcsmmolmmwoppmuyhmmofdmhm

Ch:bChIge Culrln-u.-ofmthu. pnﬂiclhrlyfmnuukbds.ll“fuk

The solid waste srismg from domestic, commercisl and industrial activibes have become ome of the
major enviromnental problems causing excessive polhution and threat 10 heenan health. The problem
gets worse because of the fact that solid wastes are ofien indiscriminately disposed. The problesss arc
already acute in citics and fowns as disposal facilities are not keeping pace with the quantem of waste
gencrsied.

In India, ironically only & seall fraction of the toial waste gencrated s disposced though variows
disposal techmiques available, a large part of the waste is simply dumped in open dump-yands.
Decompusition of soiid wiste, when dumped o domp-yards without any disposal, gives rise
mdnﬂmwm:am;-ﬂw&rwmmw
and relsted impeacts.

Methane emissions from solid wasie is & major canse of concern in developed countries and these
countries have started recovery of methanc from hndfills and its re-use for cmergy recovery.
However, in India, there arc no landfills and solid wasie is simply dumped in open dunp-yards. This
does not provide us an opportumity for methane recovery. In view of this, other options for disposal
of waste and recovery of resources from the waste shall be tried out so that methane emissions from

L
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MUNICIPAL SOLID WASTES GENERATION IN INDIA

Municipal solid waste is defined as refuse from houschoids, waste from commercial establishmeats,
refuse from institutions, market waste, yard waste and street sweeping (World Bank, 1994). The
quantity of MSW generated by a city depends upon a number of factors such as food habits,
standard of living, degree of commercial and industrial activity in the city.

In 1982, a study was conducted by World Health Organisation on ‘Rapid Assessment of Sources of

Air, Water and Land Pollution’. As per the study, per capita municipal solid waste genernted in the
lowest income areas in.South East Asia is 0.4 kg / day.. While National Environmental Engineering

Research Institute (NEERI), Nagpur, through its surveys has reported that in metro cities like
Bombay, Calcutta and Hyderabad, the generation of solid wastes varies from 0.33 kg / capita / day to

0.5 kg / capita / day.

A similar study, conducted by the Environment Protection Training Research Institute (EPTRI),
Hyderabad, has shown that in Indian towns and cities the per capita wastes generated ranges between
0.3 kg / day to 0.6 kg / day. India has about 300 class | cities and fowns. A recent survey by Ministry
of Non-conventional Energy (MNES) indicates about 56,900 metric tonnes per day of solid waste is

generated from the cities / towns i India.

Qlalmun of Wastes Generated

The generation of solid waste is directly related to consumptlon pattems Within India, there is a large
inter-city variation ab far as per capita waste gencration is concerned. According to the Central
Pollution Control Board (CPCB, 1995), the daily per capita generation of solid waste in small,

medium and large citiestowns is about 0.1 kg, 0.3 to 0.4 kg and 0.5 kg, respectively. Twenty-three
metropolitan cities, which contain as much as 32.5 per cent of the urban population according to the
1991 Census, are the major contributors to the total waste generated in the country. Table 3 shows that
23 cities together generate 37.7 thousand tormes out of 65.37 thousand tenmes of solid waste generated
every day in urban areas of the country. In view of these facts, management of solid waste is primanly

an urban issue in India.
Table 3 : Quantity of Solid Waste Generated in Metropolitan Cities

. Cuy Qty of SW (TPD) City | OtyofSW(TPD)
Mumbai s . 5000 Jaipur 1021
Calcutia 3500 Kochi 680
Dethi 4600 Coimbatore 710
Chennai 3500 Vadodara 900
Hyderabad 2800 Indore 800
| Bangalore 2700 Patna 714
Ahmedabad 1600 Madhurai M
Pune 1527 Bhopal 500
Kanpur 1314 Vishakapatnam 630
| Nagpur - 1100 Varanasi 660
Lucknow 1043 Ludhiana 656
Surat 1000
Total | 37,666

Source: Ceniral Follution Conirol Board, 1995

Composition of Indian Msw



The composition of MSW in India indicatcs lower onganic maticr and high ash or dust comtents. | has
been estimated that recyclable matter i Indian solid wastes varies from 13 00 20 per cent and
composiable materials from 35-45 per cent A typical composition of indian Solid wastes is given n
Table 4.

Tabile 4 : Compesition of Indian MSWs

Description % in weight
| Vegetable, leaves 40.15
Gram 3.80
Paper . 081
Plastic 0.62
Glass/Ceramic 0.44
Metal .64
Stones / ashes 41.81
Miscellsncous - 11.73

Physical & Chemical Characteristics of Indian Msw

Knowicdge of the chemical characteristics of the MSW is essential for sclecting aad desipning the
Bacilitics. The physical and chemical characteristic of Indian MSWs it

* been given in Table 5 and Table 6 below. :
Table § : Physical characieristics of MSWs in Indisa Clties

Popuistion | Ne.ofcities | Paper | Rubber*, | Giass® | Metats* Total a—
ramge (in sarveyed . Lesther & Compustable | Materinl
million} Syathetics Matier

01w 0.5 1 291 078 0.56 033 4457 )
051wl0 15 295 .73 6.56 0.32 40.04 4838
10w20 09 471 on 456 0.49 389 473
201050 03 -. 118 048 098 0.59 $6.67 007

5.0 e shove o4 643 028 0.94 0.80 30.34 53.90

* all values are in per ctwt and are colculated sn wet weight basis
Sowrce : Backgrownd Material on SWM, NEER]. 19%

‘Table 6 ;: Chemical charscteristics of MSWs in Indiag Clties*

Popuistion ! Ne.of | Meisture | Organic | Nitrogew | Phosph- Potamipm | C/N | Caleric
rage Citles °% matter mTeal JormsasP-| IGO% | ratle | Vae ln
(n milllen) % N% 08 KCalkg* |
01-05 12 . 2581 3709 0.7 063 083 3094 ] 100989
05-1.0 15 19.52 25.14 0.66 0.56 0.69 21.13 | %0061
1.0-20 9 2698 26.89 0.64 0.82 0.72 2368 | 98005
20-50 3 21.03 25.60 056 0.69 0.78 245 |907.18
750 4 38.72 3907 0.56 0.52 052 30.11 { 200.70
* All values except moisture. on dry weight basis
+Caloric valwe on dry weight basis

Sowrce : Background materiol for idewnsl on SWM, NEERL, [996

The chemical characteristics indicate that the organic conient of the samples on a dry weight basis

ranges between 20 to 40 percent.  The nitrogen, phosphorus and potassium content of the MSWs
5

224t



ranges between 0.5 10 0.7%, 0.5 10 0.8%, and 0.5 to 0.8%, respectively. The calorific value ranges
between 800-1000 KCal/kg.

Methane Emissions from MSW

In India, afler taking out the recyclable and re-useable materials by the ragpickers, the waste is
dumped in open pits also called dump-yards around the outskirts of the cities. This is an unorganised
way for waste disposai and leads to a number of sanitary and health problems, besides contributing to

methane generation.

MSW dumped in landfills worldwide are estimated to produce 20 to 60 teragrams (Tg) of methane per
year, as a direct result of the natural decomposition of the organic component of waste streams. Based
on currently available technologies, it is technically feasible to reduce annual methane emissions from

landfills globally by 50 percent of current emissions or by more than 10 to 25 Tg per year.

Chemistry of Methane Emissions Produced from MSW*

Bacterial decomposition of MSW under anacrobic condition (in the absence of oxygen) in landfills

produces landfill gas (LFG). The degradation process takes place in different steps, in which the raw
organic materials degrade to smalier materials which in course of time will be converted into LFG.

The formation of LFG can be influenced by various factors e.g., composition of the waste, waste
treatment, site characteristics, Jocal and regional climatic conditions etc. These aspects vary from site

1o site.

Major constituents of the LFG are methane and carbon dioxide. Methane accounts for approximately
45 to 50 percent of LFG, while carbon dioxide and small quantities of other gases comprise the
‘remaining 50 to 55 percent. Methane production begins six months to two years after waste disposal
and may last for decades, depending on disposal site conditions, waste characteristics and the amount
of waste in the landfill>. Methane migrates out of landfills and through zones of low pressure in soil,

eventually reaching the atmosphere.

Emission Characteristics

The amount and rate of methane production over time in a landfill depends on five key characteristics

of the landfilied material and the surrounding envisonment. These characteristics are :

e Quantity of Organic Material e
The most significant factor driving landfill methane generation is the quaniity of organic material,
such as paper and food and yard wastes, availzble to sustain methane-producing microorganmsms.,
The methane production capacity of a landfill is directly proportional to its guantity of
organic wastes. Methane generation increases as wastes continue to be, dumped and gradually
declines after the site stop receiving waste. However, landfills may continue to generate methane
for decades even after their closure. '

e Nuirients
Methane generating bacteria need nitrogen, phosphorus, sulphur, potassium, sodium and calcium
for cell growth.

s Moisture Content
The bacteria need water also for cell growth and metabolic reactions. Landfills receive water

from incoming waste, surface water infjltration, ground water infiltration.

e Temperature

5 IS Methane Emissions 1990-2020 : Inventories, Projection and Opporiunities for Reduction
* Guidebook on landfill gas extraction and utiisation : Netherlands agency for energy and the

environment, August, 1997
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Wamn temperature in a badll spoed wp the growth of methane producing bacteria.  The
lemperatre of wasic in the ladfll depends on landfill depth, the number of byyers covering the

tandfill and climate.

* pH
Methane is produced in a ncutral cnvironment (close to pH 7). The pH of most landfills is

between 684072,
Degradation of MSW
Anaerobic decompasition of MSW in landfills starts sometime after the dumping of the waste. This
process consists of scveral phases. These are :
o Aerobic phase .
In this phasc the oxygen prescal in the landfill is consumed in the (acrobic) degradation of ongaaic
compounds. This phase is relatively short (several days to several weeks) since the quantity of
oxygen prescnt is mited.
In this phase, the large organic molecules are converted into siall soluble molecule sach as lower
o Acidopenic ph .
Under snacrobic conditions {absence of oxygen), hydrolised compounds are degraded by backeria
into fatty acids. In this way, the acidity level (pH) is reduced. 'l'l:esnulht-cﬁlmdahs
phase are paimly hydrogen (H;) and carbon dicxide (OD,).

* Methanogenic phase
During the methonogencsis phase, the fatty acids formed in the acidogenic phase are decomposed

mainly mto methane (CH,) and carbon dioxide (O0;). The methanogenesis can sometimes takes

several months to years before methane is formed.  In comtrasi so the microorgmmisms in the
acidification phase, the methane forming bacteria are semsitive 30 sudden changes m the
cavironmental condition. It is, therefore, important that during the methanogenic phase the

Becanse a landfill is highly heterogencous, the siages described above will ocowr simultemcously in a
landfill.

The rate of degradation is determined mainly by the temperature and moistare conlent of the wastes.
The terperahure in the landfill remains initially rather high as a result of heat released i Ge aerobic
degradation (temperature rises 10 30-50°C). Duc i heat loss fo the environmest, the scmperature fails
after a period of time, to values, which result in a for slower growth of methane forming bacteria.
This fall in temperaiure occurs over a period of scveral years. Ulimaiely, the temperatare will reach a

level similar to the temperature of the envisonment.
Mohbility of free water in the landfill body (leaching) ensures thet enzymes and bacteria present in the
wier oblain access 1o the organic material, which had so far not been degraded.  The siow movement
of waler is one of the reasons that the formation process of landfill gas can take many yemrs.

iy



MUNICIPAL SOLID WASTES MANAGEMENT PRACTICES
IN INDIA

With about 300 class I cities and towns, India produces nearly 56,900 metric tonnes of municipal
solid wastes per day. In urban areas, the responsibility of solid waste management ties exclusively

with the urban local bodies, that is, municipal governments. However, the municipalities in maost
states in India are not statutorily responsible for collecting garbage from the households. They usually

perform the third and fourth stages of the SWM function.

Government of India has brought out Gazette Notification in September, 2000 on “The Municipal
Wastes” (Management and Handling Rules, 2000). These rules shall apply to every municipal
authority responsible for collection, segregation, storage, transportation, processing and disposal of
municipal solid wastes. This ‘Notification” will be discussed in greater detail Jater in this status report

Solid Waste Management (SWM) usuaily refers to the collection, recycling, resource recovery

(composting, waste t0 energy, etc.), transfer, and disposal of municipal solid waste.

Three major activities involved in the management of MSWs are the following :
® Collection

¢ Transportation

o Disposal of wastes

These CTD activities can be further sub-divided into the following :
i. Waste generation o

ii. Waste handling, sorting and storage and processing at source

iii. Collection

iv. Sorting, processing and transportation

- v. Transfer and transport
vi. Disposal

The inter-relationship between the different activities in the MSWs management process
schematically depicted in the Figure 2,

=t
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the first in the hierarchy because it is the most effective way 1o take care of alf the issues rebsied 10
mmmmmmwmuummmhm

Theuemdﬁﬂ:ﬂlﬁ'hbhhuchyhmtﬁtwﬁehm&)miﬂnadnﬁgd‘m
M@}MdmmhmwmdmmudMJ
these mudcrials, Recycling is an important factor, which helps 10 reduce the demand of resoneces and
the amount of wasies requiring disposal by landfilling.

The third in rank s waste processing which involves alicration of wastes 0 recover comversion
products (c.3. compost) and energy. The processing of waste materials usually results in the rechaced
use of landfill capacity. Shredding, compaction may also be undertaken 10 reduce waste volane.
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material for use as fertiliser e,
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the earth’s surface.
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Community efforts

The task of collecting garbage from households and taking it to a coflection point primarily is an
activity performed by the households themselves. In many cases where the residents are economically
better off and hygienically conscious with active resident welfare associations (RWAs), efforts are
made to organise the collection of garbage from each household and transport it to the collection

_ point. These efforts, although still nascent, are now visible in many cities of India.

Instances of finding door-to-door collection of garbage are more in group housing societies, people
staying in highurise apartméats and RWAs in colonies of individual houses. In mést of these cases
safaiwallas (cleaners) dre employed privately who collect garbage from every household and transport
it to a common collection point from where the municipafity picks it up. In fact, in Delhi, in the
residential colonies constructed by Delhi Development Authority (DDA), it is stipulated that RWAs
have to be formed to provide these facilities since neither the DDA nor the municipality provides the
facility of door-to-door collection of garbage. In Mumbai in many high-rise apartments, the garbage
from all the flats is collected and placed in large bins at the entrance of each apartment. The
municipality pickup vehicle comes at a pre-decided time to collect this garbage. In many areas, the
pick-up vehicle announces its arrival by ringing a large bell or blowing a hom. This method of
collection prevents the accumulation of garbage at round-the corner collection point. In Mumbai, a
major nuisance is thus avoided since the humidity in the atmosphere causes the garbage to degrade
very fast leading to vmhygienic conditions. in cities like Delhi, the collection points do become an
eyesore especially if the municipality does not collect garbage regularly. The garbage is seen to spill
out on the adjacent road attracting cattle, flies and other stray animals.

The practice of garbage collection from households ceases in most uiiplanned and unauthonsed
settlements. The responsibility of taking the garbage to a collection point is with the residents. As a
result, the garbage is thrown anywhere along the road or in a vacant plot and sometimes even in parks.
In such places, garbage is swept away by the safai karmacharis.

Segregation of Waste and Resource Recovery

A stage between the collection of garbage and its disposal is that of resource recovery. The
municipality in any city in India ‘does not do segregation of garbage into biodegradable and non-
biodegradable waste. Since the votumes of garbage handled by the municipality is very large, it would
be a very labour-intensive job. Segregation, however, does happen in an informal way before the
garbage is disposed. In door-to-door collection of garbage, the workers involved remove nll recyclable
items that have a resale value like plastic items, unsoiled paper, metal pieces, glass, etc. Ragpickers in
every city, of course, most efficiently perform segregation.

In India, paper, plastic, glass, rubber, ferrous and non-ferrous metals — all the material that can be
recycled — are salvaged from the waste to produce low-cost products extensively used by the iower-
income groups of the society. Of the wide array of recyciable material present in the Indian houschold
waste, it is paper and plastic that get maximum atiention, because the two together form the single
largest component of household waste. The reusable materials are sold off in waste recycling centres,

which are small-scale industries.

The municipalities, however, are unable to take up any projects on segregation and recycling due to
the high costs involved. Segregation of waste into biodegradable and non-biodegradable is done more
efficiently in programmes run by NGOs. A few efforts have been initiated by NGOs to involve
households in separating the garbape into bio and non-biodegradable waste. However, these cfforts
have never paid off. Such efforts were tried at residential areas of highly academic and aware people
like T and FNU in Delhi, but they have not been sustained. Ultimately paid workers have to be

engaged in the task of wasle segregation.

Secondary Transportation of Garbage
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The situation of secondary transportation of garbage is very dismal. On an average, 20 to 30 percemt
of the iotal waste gencraled remains uncollecied, creating enviroamental hazards in whban settiements.
The coliection, ransportation and disposal of wasic are labour-inlensive activitics. In large metros like
Mumbai some of the Municipal wards have started using modern, automaded sysiem of collection
thereby increasing efficiency. However, in citics like Hyderabad and Ahmnedabad, in many aress when
dwmkbalkydosmwﬂmm.ﬂwmmmmbmhgdup&gemﬂcmh
creating air pollution problem Jocally. Very often, the garbage is swept into the open gulters / drams
causing problems of choking and stagnation which leads to unhygienic conditions.

Solid wasik is usually transported in open trucks, compaction vehicles, tracior-traders oF casrier-
a few corporations have resorted o hiring vehicles from private contractors. Hired wehicies bave been
found to work more effectively and efficiently, if monitored and held accountable for the sexvices
MMMEMb(mDmhMmmmWﬁlhstm
mainly used for the transportation of wastc. These vehicles are being used for the primary collection of
waste from the strects, as well as for the coliection of waste from the dust-bins.

mdummmmmhh@mmcﬁumu
e The number of vehicles is inadequate and the percentage of vehicles remaining off the road s

large

The flect of vehicles is not optimally utilized

Transportation fieet docs not synchronize with the types of dust-bins provided

Double handling of waste becomes inevitsbly necessary

Wmhﬂmghdounmllyndhdingmdmhdingbﬁwmmm& )

productivity of manpower and vehicles

Thmkapmwwhmdhdnmuﬂwdmmw

infectious wasic, human excreta etc., are disposed off in the conwnon dust-bin

. Whm«mwmmimnm

e Dust-bins sre not cleared on day-to-day basis. Many bins sre clesned once or twice in a week or
even hater. The backlog thus bailt up gives rise to inssnitary conditions

Actual Dispesal of Waste

of&mﬁcﬂh.hmhb%(lm&mmqﬁuﬁ—'cﬂ

sohd waste disposal inchades :

. Sanitary landfill
Incinersts

The wastes are nonmally brought to s designated landfill site, normally a low-lying svca on the
outskirt of a city. The choice of a sitc is more a matier of what is available than what is suitable. Only
2 few cities follow such good practices as organised tipping of wastes, using mechanised equipment
hknhmdmpcﬁngﬁcmﬂ,mdmﬁgﬂ:@hyﬁwﬁhﬁ&bdueom&gi
further. In small towns and cities very ofien the garbage is dumped in ponds or banks of a river. In hill
m&m&dmmhhﬂk&mhm&hmMmm
and various other animals. Collection of recyclable items like plastic, paper, cic. and transporting it o
hgmmhmwﬁngkwmmdbwmdMEEmmmdwmh
collection of these recyclable matevial from hill towns or else these towns will be enveloped by waste.

11



Lack of a scientific and efficient Municipal Solid Waste Management {MSWM) system in most of the
citics and towns poses a serious health and environmental problem. Therefore there is an urgent necd
to improve the MSWM by capacity building of the municipal managers to modernise (i) collection,
(ii) transportation and (iii) disposal systems with a view lo wastes minimisation and reduction of
methane emissions, Such 2 MSWM system must reduce the local and global environmental impacts

of municipal wastes and should operate at a cost acceptable to community.
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REGULATORY PROVISIONS OF THE GOVERNMENT OF INDIA
FOR MANAGEMENT AND HANDLING OF MSW

Ministry of Enviconment and Forests, Govenwnent of India through the Gazetic Notification of 25
September, 2000 has brought into force the Municipal Solid Wastes (Management and Handling)
Rule, 2000, applicable to cvery municipal authority respossible for collection, segregation, storage,
transportation, processing and disposal of mmunicipal solid wastcs. As per the motification the
owmicipal authorities arce required to furnish its annual complisnce report 10 the State Governneat or
the District Magistrale on or before the 30 June every year and the State Boards and the Commitioss
have to prepare and submiit to the Gol an annmal report with regard lo the implementation of these
rules by the 15 September every year.

waste by the Municipalities in India.

Under the provisions of niansgement of MSW by the memicipalitics, detailed crileria for

(1) collection, (2) segregation, (3) storage, (4) transporiation, (5) processing and (6) disposal of MSW
* have been notified wnder Schedaile IT of the Notification. Under the Schedule TN, ‘Specification for

Landfill Sites” have been brought out particularly under *‘Site Selection®, “‘Facilities at the Site”,
"Specification for Landfilling’, ‘Pollution Prevention®, *Water Quality Monitoring®, “Ambicot Air
Quality Mositoring’, ‘Plantimg at Landfill Site’, "Closure of Landfill Site and Post-care® and Spﬂ:d
Care for Hilly Areas’. Each of the specifications for landfill sites are further discassed briefly. For

details, one should refer 1o the original Notification of the Gol

Specification for Landfill Sites

Site selection must be based on examination of environmental issoes. While selecting such sites,
cither the site should be in the vicinity of wastes processing facility or the wastes processing facility
shail be planned as an intcgral part of the landfill site. The handfill site selected mmust be coongh o last
for 20-25 years. The bandfill site bas $o be away from habitation clusters, forest srcas, water bodics,
monaments, National Parks, wetlands and places of important cultural, historical or religions interest.
Further, a 2onc of no-development has 10 be maintained aromnd handfill site. This aspects nmst be
moorporaied @ the landuse plaoning while doing the Town Plaaning. The site selecied should be
away from airport / airbase and approval of airport or airbase authoritics must be obtxined before
setting wp of the landfill site.
Among facilitics at the site, the landfill site bas 10 be well protected to prevent entry of wasathorised

persous and stray animals. Other important facilities that need o be provided are (i) wastes inspection
ficility fo monitor wasies brougit i for hadfilling, pollution monitoring equipment, weigh bridge w

messure guantity of waste: brought at landfil] site.

Specification for Landfiling

MSWs should be compacted using compactors 1o achicve high density of wastes. Wastes should be
covered immedisiely or at the end of each working day with minimum 10 cm of soil, inert debris or
constraction material till soch time waste processing facilities for composting, recycling or energy
recovery are set up as per Schedule 1. Special precaution are needed during and prior 20 monsoon
season (a cover of soil, 40-65 cm thick must be spread over the MSW in the landfill).

Poliation Prevention
In order to prevent pollution problems from landfills operations, the following provision are required

k]
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to made :
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diversion of storm water drains to minimise leachate gencration, prevent pollution of surface

water. and also to avoid looding and marshy conditions
a non-permeable lining system at the base and walls of waste disposal areas is to be provided with
high density polyethylene (HDPE), geo-membrane as per speciﬁcation given in the ‘Specification

for Landfilling’
« provision for management of leachates collection and tredtment

prevention of run-off from landfill area entering any stream, river, lake or pond
Water Quality Momlonng

As regards water monitoring, water quality baseline within 50 meters of the periphery of landfill site
should be established and recorded properly for future reference. Monitoring of water quality has to
be taken up within the 50 m of the periphery of landfill periodically to ensure that ground water is not

contaminated beyond accepiable limit.
Ambient Air Quality Monitoring

Landfill gas control system and collection of LFG are needed to be installed at the landﬁll site to .
minimise odour generation, prevent off site migration of gases and to protect vegetation planted on’ )-

rehabilitated landfill.

Plantation at Landfill Site
The landfill site when exhausted has to be provided with vegetative cover.

Closure of Landfill Site and Post-Care

As per the notification, post-closure care of landfill site has to be conducted for at least fifteen years.
A long term monitoring or care plan should consist of the foliowing :

* maintaining the integrity and effectiveness of final cover on the landfill site
» monitoring leachate collection

 ._monitoring groumd water as required under the provision

e Umaintaining and operating the LFG collection system to meet the stmdar&

The Notification stipulates compliance criteria for the municipalities as follows :

‘1] Setting up waste processing and disposat facility By 31-12-2063

2| Monitoring the pedformance of waste processing and |  Once in six months
disposal facilities .

3| Improvement of existing !andf I sites as per pr(ms:on of | By31-12-2001 or carlier -
these rufes

4] Identification of landfill sites for future use and making site By 31-12-2002
(s) ready for operation

Disposal of MSW

Landfilling must be restricted to non-biodegradable, inert waste and other wastes that are not suitable
either for recycling or for biological processing. Landfilling also has to be carried out for residues of

wastes processing facilities as well as pre — processing facilities,

14
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technology are :

Size of constituents
Density

Moisture content

Mixed carbon/inert content
Calcrific value. '

. & 9 9

Waste-to-Energy Initiative World-wide

Citics in the devcloped countries have well organised waste managemest:systems. Until some years
back landfill had been the accepted system of waste disposal in most developed countries. But there
is now a general trend worldwide to discourage disposal of combustible and organic wastes into
Jandfills. Some of the countries like Austria, Belgium, Canada, Denmark, Finland, France, Germany,
Netherlands, Norway and Sweden have already banned fandfills or have decided to reduce reliance on
landfills. Landfills occupy very large space and also create some environmental problems. The

wastes produce methane, which is a greenhouse gas affecting the ozone layer.

Incineration is becoming more popular with growing difficulties in locating landfill sites. But it is
found that incineration also produces a lot of pollution from the smoke emitted in the process. Waste
left after the process is substantial and have high concentration of toxic materials. It is found that by

-gasifier system of proper design (based on pyrolysis process) it is possible to process MSW with

extremely low contaminating emission and very low left out after the process. The gas produced can

be directly used in an IC engine. However, factors like greater capital, operation and maintenance -
cost and also frequent changes in pollutlon conmol regulations are retarding the Mdespmad

appiication of such plants.
The Indian Scene - Potential of Power from MSW

The wrban areas of India produce about 30 million tons of solid waste from household and
commercial activities every year. It is estimated that there is a potentia! of generating about 1000
MW of power, from MSW in India. If this potential be effectively used, it will not only contribute

. substantially to the overall power generation capacity but will also give a good retum on investment,

apart from improving the environment.

ButsofarthevnstcnergypotcnﬁalofMSWofurbanareasofﬂ)ecomuymmmsalmslmlly
unlapped Unlike in developed countries, the waste of Indian cities have a high fraction of degradable
organic matter, between 35% to 75% of garbage compared to only .12% to 15% of U.S.A and UK.

: As such, garbage of Indian cities has a very high energy potential.

There arc at Ieast 7 dumestu: companics offering technologles and/or tumkey pro_}ect services for
implementing municipal solid waste treatment and disposal projects in the country. Of these
companies, only Excel Industries Ltd. has been able to successfully implement projects to produce
compost based on the aerobic process. Excel Industries Ltd. has almost 60 percent share of the
composting technology market in India at present. The company has developed the low cost
composting technology indigenously and has been able to make an impact on the market, creating
more demand for its technology. The main reason for the company’s success has been its ability to
partially fund these projects, and also provide assistance in marketing the end product - compost.
However, a number of projects under implementation by the different municipalities, are using newer,
more capital intensive technologies such as Biomethanation and Sanitary Landfilling.

This market was virtually non-existent wntil a few years ago. Several key factors and pressing
environmental concems led to the creation of this market, which has been growing at a fast pace. The
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The main charncteristics of anacrobic compasting are :

+ The process is a kengihy onc extending over a period of 4 to 12 months.

It is a low temperature process and the destruction of pathogens is accomplished by their
exposure (o an unfavourable environment over a long period.

e The gascous products of reduction are methane, hydrogen sulphide and other gases with

oflensive odowrs

Thke main charwcteriviics of serobic compeoxting are ;

* Rapid decomposing, normally completed within 4-6 weeks.

e During the composting period high lemperatures are attained jesding %0 speedy destruction
of pathogens, inscct cggs and weed seeds.

Following factors affect the rate of successful composting -

o Moisture content (20 to 30%) and temperature maintenance (65-70°C)

Regular tomming of the heap to ensure uniform moisture content, innoculant content and
proper asration.

¢ Carboo-to-Nitrogen ratio (20 o 25)

Vermicomposting is composting aided by earthworns. Cextain specific species of carthworms:
can consume organic residue very rapidly and fragment them into much finer particles. For
vermicomposting, the most significant aspect is the selection of earthworms.  There are brondly
three varictics of ecarthworms, surface variety, subsoil and decp bunowing. For
vermmicomposting the best variety is the surface varicty becanse they feed on the srface. Some
of the species of eathworms that aid in vermicomposting are Ewdrilus exgemiae, Eisewia
Jfoetida, Perionyx excavatus, etc. The following products are obtained from the whole process of
Vermicomposting : 3

+ Vermicompost (ead product), which is the castings (cxcrets) of the carthworms; this is rich
in plani autrients

Vermiwash (bye product), which is 2 solution of putrients obtsined from the percolation of

water through the vermicastings
e The earthworms themselves, which are very good sources of proteins; this is wsed as feed

for fish, poultry and pigs

Vermicomposting bas immense jotential and has been very successfol at comsmmity ievel So
far it is taken op only st sl scale at comwmmnity level. There are po cxamples of
vermicomposting st kage scale. However, the preseat teclmiques may be modified and tricd o
Mhpmdmndmaueubmmm

-

Wlmm

This is a process used for production of methane fioin solid wastes. s this process the orgamic
fraction of the wasic is segregated and fed W a closed container (Biogas digestor) whese, in the
presence of methanogenic backeria and under mmerobic conditions, ¥ wdergoes bio-
degradation prodocing methane-rich biogas and cffiuent.  Biogss mainly coasists of methane
{about 60°%), carbon-dioxide {aboul 40%) besides small quantities of NH, amd H;S. k bas a
calonific value of sbout 5000 k.cal/cu.m. Depending wpon the waste composition, the bioges
production ranges from 50-150 cum /torme of wastes. This biogas can be utitived cither for
cooking or heating applications or for generatmg power or eleciricity through gas engives, gas
turbines or stcam hurbines. The siudge from anacrobic digestion, afier stabilisation, can be used
as a sot! condihioner or manure.

PHYSICO-CHEMICAL OPTION

Pellitisation
Pelletisation is the production of fuel pellets from solid waste. The process is essentially a

18
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major factors” that will kead to market growth and are likely to play a dominant role in the fulure arc

as follows :

Strict environmental regulations enforced by Central Pollution Control Board and the Ministry of
Environment and Forests,

Judicial intervention by the Supreme Court of India, directing municipal corporations / Urban
Local Bodies to ensure better mimicipal solid waste management.

Financial and fiscal incentives offered by the Ministry of Non - Conventional Energy Sources to
encourage the promdtion of waste-to-energy projects based on municipal solid waste.

74th. Constitutional Amendment Act empowering the urban local bodics to take independent
decisions on promoting municipal solid waste disposal and treatment projects.

Emphasis on privatisation and allowing private entrepreneurs to promote such prajects on Build-
Own-Operate and Build-Own-Operate-Transfer basis.

Various technologies are available for utilising MSW profitably and these can be classified under the
following heads : '

Biological option (with or without the aid of oxygen)

» Composting
» Biomethanation

Physico-chemical option
» Pellitisation .

Thermal option
» Pyrolysis

¥ Gasification
» Incineration
> Plasma arc

Sanitary landfilling

All these options of waste processing and recovery of energy and other uscful products are discussed
one by one. Their comparative advantages and limitations have also been highlighted.

BIOLOGICAL OPTIONS

Composting
Composting can be defined as the biological decomposition of the organic constituents of

wastes under controfled conditions. This process can take place in the presence or absence of
oxygen, that is, acrobic or anaerobic composting. Aerobic composting, if efficiently catried out,
can rapidly produce a pathogen free product; anaerobic composting requires more time and is
seldom free of pathogen or odour problems.

TheendpmducgorganiémmhasavewgmdacoepwhiﬁtyaMgﬂ:efamemfm
agriculture as well as horticulture crops. The organic manure improves soil fertility, soil texture
and water retention capacity of soil, there by increasing production.

There are two main groups of organisms, which decompose organic matter
e Anaerobic bacteria which work in the absence of oxygen, and
e Aerobic bacteria which work in the presence of oxygen.

® 1JS Department of Commerce, 1998-05-13
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through removal of inorganic maicrials and moisture.  Pelicts caa be used for heating plant
boilers and for the gencration of electricity. They also act as a perfect substitute for coabiwond
used in homefindustry. Pelletisation offers the possibility of decentralised garbage reatment
facilities.

PeHlitisation of MSW involves the processes of segregating, crushing, and mixing kigh and low
heat value orgmnic waste material and solidifying the same W0 produce fuel peliets or
brigweties, also referred to as Refuse Desived Fuel (RDF). This can be conveniently stored
and transported and used as 3 supplementary fuel for combastion processes and wtility boslers.
The calorific value of RDF is about 4000 kcal / kg and # depends upon the content of
combustible organic materials in the waste, additives and binder materials, if any, used in the
Process.

Tabie 8 : Evaluation of Pelletisation

1. “This process results in production | 1. The garbage processing unit canaot be
of high calorific value peliets operated during rainy season , as the garbage s

2. Pelicts can be conveniently stored 100 wet
and transporied 2. High moisture conlent of Indian MSW
3. Pelletscan be usedasa increases the cost of drying
supplementary foel for combustion | 3. The process consmnes more encrgy than the

process and boilers biclogical process, such as composting
4. Uncontrolled buming of pelicts may lead 1o
bharmful emissions
5. Even a trace amount of plastic content in the
pellcts can be harmful
THERMAL OPTION
Gasification

Gasification is the process involving partial combustion of & carbosacevas fuel 0 geacrate a
combustible focl gas rich in carbon monoxide and hydrogen. A gasifier is actually an
cxothermic reactions, while the combustible components of the low-cocrgy gas are primarily
genceated by the endothermic reactions. The kinetics of the gasification process is quite
complex and & subject of considerable debase.

When a gasifier is opersted at stmospheric peessure with sir a3 oxidant, the end products of the
gasification process are a Jow-cuergy gas typically conteining  10% OO0, 20% OO0, 15% Hy and
2% CH, (by volume), with the balance being N, and s carbon-rich char. Because of the diluting
effect of nitrogen in the input air, the low-encrgy gas has an energy content in the range of 5.2
to 6.0 Ml/m'. When pure oxygen s used as the oxidant, 3 medivm-energy gas with encrgy
content in the range of 12.9 to 13.8 MIAn’ is produced.

The gasification process converts solid waste maicrials into clean useable energy in the form of

a high calorific value gas. The system uses a thermal conversion reactor, which operates, at a
high teyaperature in an oxygen deficient enviromment.
m&memispremedmmm&ﬂwﬂcwmhd.hchding#ﬁmwh
and other non-combustibles. It can then be dried, utilising waste heat from the process and
finally shredded to mcrease the surface area and maximise the gasification reaction.

19
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Immediately prior to being introduced into the reactor the feedstock is purged with an mnert gas
such as carbon dioxide in order to remove the entrained air. The reactor operates at a very high
temperature and the feedstock is gasified. Any solid carbon or ash produced during the reaction

is removed by the separator system.

The produced gas is quenched to ambient temperature immediately as it leaves the reactor by
- direct injection and further cleaned by a wet gas scrubber utilising sodium hydroxide. The gas
thus produced is suitable for being fed info a boiler or another prime mover for power

generation.

Incineration
It is.the process of direct burning of wastes in the presence of excess air (oXxygen) at high

temperatures (about 800°C) liberating heat energy, inert gases and ash. Net energy yield
depends upon the density and composition of waste, percentage of moisture and mert materials,
which add to the heat loss, ignition temperature, size and shape of the organic matter into hot

air, steam and hot water.

Incineration is a thermal process for buming the waste at a very high temperature. It requires
high calorific value waste, which can burn without any external fuels. Indian waste contains
only 3-7% of combustible material like plastics, paper by the time the waste reaches the
disposal site. This is principally because most of the material that can be burned; is recovered
by the ragpickers from the waste lying on the streets, dust-bins and dump yards. Thus calorific
value of Indian waste at dump yards is found to range from 800-1000 Kcal’kg, which is very

low.

The coml;ﬁstion temperature of conventional incinerators fuelied ohly by wastes isiabout 760°C
in the fumace (insufficient to bum or even melt glass) and in the excess of 870°C in the

secondary. combustion chamber. These temperatures are needed to avoid odour from
incomplete combustion. Temperatures upto 1650°C, which would reduce volume by 97% and

convert metal, and glass to ash are possible with supplementary fuel. Wastes bumed solely for
volume reduction may not need any auxiliary fuel except for start-up.

The incineration technology is not exactly suited for Indian MSW because of the high ash and
dust contents of Indian wastes. Excessive moisture and inert content in waste affects net energy
recovery; auxiliary fuel may be necessary to sustain combustion. There are chances of toxic
metal concentration in the ash. In addition to particulate, SO, and NO, emissions, chlorinated
compounds ranging from HCL to dioxins , and heavy metals are a cause for concem; which
requires elaborate pollution control equipment. Additionally it involves high operation and , .
maintenance costs as well as a lot of money has to be diverted for training the personnel to '
handle the incinerators effectively. Incineration of MSW thus results into a lot of air emissions
and for adequate control of such emissions 2 lot of pollution control equipment need to be

installed. All this adds up to the cost.

SANITARY LANDFILLING

Sanitary landfilling is an engineered method of disposing solid waste on land in a manner that
minimises environmental hazards and nuisances. It is a controlled disposal of solid wastes on or in
the upper layer of the earth’s mantle.

A sanitary landfill site should be carcfully selected, designed and prepared. The wastes are to be
spread in thin layers, compacted to the smallest practical volume and at ieast at the end of each
operating day, covered with earth, which is also compacted. In India, howevez, there is no sanitary
landfill; here the waste is simply dumped in low-lying areas. 91% of the waste meets this fate in these

so-called ‘landfills’. :



.'-)

Proper planning and sitc selection, combined with pood engincering design and operation of a sanitary
landfill, can pormally minimise the possibility of surface and ground water pollution. The kandfill
siies in India suffer from the following deficiencies :

Lack of proper drainage: 10 prevent flow of rainwater into and omt of the site

Non- applhication of cover material on garbage on 2 daily basis

Lack of praper gas venting facility

Absence of overall environmental management plan for solviag poliution problems

Acconding to NEERI, June 1996, cxamination of the waler enviroement in major bmdfill sites

indicatcs a high concentration of TDS in contiguous ground water sousces. Solid wasie samples from
various depths of the landfills contained high values of faccal coliforms and faccal streptococci.

* 8

Lendyfil pas recovery
The waste deposited m 2 landfill gets subjected, over a period of time, 0 anacsobic coaditions and #s
organic fraction gets slowly volatilised and decomposed, leading to production of landfill gas, which
contains a high percentage of methane (about 50%).

Typically, the production of landfill gas starts within a few months after disposal of wastes and
pﬂlﬂyhﬂsﬁxl@mwmmdwﬂnﬂmwﬂwmdwmdhm
of moisture.

MwthdWammdmummﬂu
placed/drilied into the wasies where methane is being produced. A main collection header conmects
the wells and a blower pumnps the gas out under negative pressure.  The gas is passed @wough 2
moishure trap, gas-cleaning unit, a flame amresier, 2 nonretum valve and 2 gake valve before its
connection to the compressor. As the gas has a calorific value of around 4500 Kcal/m3, it cam be used
as a source of energy cither for direct heating/cooking applications or 0 gencrate molive power or
The following biological, physical and chemical events occur whea sobid wastes are placed in a

sanitary landfill :

. WMJmmmMamy with the cvolution of
gascs and hiquids;

chemical oxidation of waske sasterialy;

escape of gascs from the landfill;

moflnm&mndbydﬁ:m!h‘:
Mmgnﬂhchgdmndmwbymndhcbmw

deMWmmﬂmﬂ

e uneven settlement caused by consolidation of misterial ingo voids

Gascs found in landfills inclode air, ammonia, COy, CO, hydrogen, H;S, CH, nitroges md oxypen.
wasic components.  Under ideal conditions, the gases genersted from a sndfill should be either
vented to the atmnsphere of, in Jarger landfills, collected for the production of energy. In most cases,
over 90% of the gas volame produced from the decomposition of solid wastes consists of methane
and carbondioxide. Although most of the methane escapes io the atmosphere, both methane and CO,
have been found in concentrations of upio 40%. [f vented into the stmosphere in an macontrolied
manney, methane can accumulate (because its specific gravity is less than that of air.  With proper
venting, methane does not pose 2 problem. Since €O, is sbout 1.5 times as dense as air snd 28 times
as dense as methane, it tends to move toward the bottom of the landfill. As a result, the concentration
of COy in the lower portion of the landfills may be high for years. Ultimately, becanse of its density,
CO, will also move downward through the underlying formation until it reaches the groundwater.
Since CO, is readily soluble m water, it lowers the pH, which in tum can increase the kardness and
21
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mincral content of the ground watcr through the dissolution of calcium and magnesium carbonates.

The movement of gas in landfills can be controlled by installing gas recovery wells in landfills. Clay
and other liners are used where landfitl gas is to be recovered. In some cases, leachate is collected and
recycled to the top of the landfill and reinjected through perforated lines located in the drainage

trenches.

Initiative of Government of India

‘The Ministry of Non Conventional Energy Sources (MNES), Govt. of India has identified “Energy
from Waste™ as one of the thrust area of ‘its activities and has initiated a ‘National Programme

from Urban and Industry Waste’. Besides this the Ministry has launched an UNDP/GEF (United
‘Nations Development Progamme / Global Environment Facility) assisted project entitled,
*Development of High Rate Bio-methanation Processes as a Means of Reducing Green House Gases
Emission’ in the year 1994. “National Programme for recovery of Urban and Industrial Wastes™ is to
promote ‘waste to energy’ projects by creating a conducive environment by providing suitable
financial / fiscal incentives. Improvement of waste management practices (with special emphesis on
generation of energy from waste wherever possible) by adopting latest and clean technologies is an

other important objective of the programme.
Status of Municipal Waste to Energy Projects in India

, Dunng 1984 a plant for processing 300 tonnes garbage to produce about 3 MW of power was set up
in Dellu with techmcal assistance from Denmark. The plant was not successful.

The ‘Ministry of Non-conventional Energy Sources (MNES) has taken new initiative in the shape of
National Programme for recovery of energy from Utban and Industrial Waste. Under this programme
a number of “Waste to Energy” projects have so far been completed in the country with an installed
capacity of 16.2 MW. But most of these projects are based on industrial wastes. .

There have been some developments in the sphere of generation of energy from Municipal Wastes as
well. NEDA has also launched an ambitious programme for promotion of electricity generation from
Mumicipal Solid Waste (MSW) available in major towns/cities of U.P.

Govemnment of India has announced various incentives for setting up MSW based power projects in the
country. In case of commercial projects, financial assistance as interest subsidy for reducing the rate of
interest for the entire loan repayment period, to 7.5%, capitalized at an annual discount rate of 12% is
available through financial institutions. The maximum eligible subsidy amount varies from Rs. 1.00
crore per MW to Rs. 2.00 crote per MW depending upon the type of the waste-to-energy based project.
Capmlalbadyuptoso%ofﬂ:eprqectwst]mtedtoks 3.00 crore per MW is also available For some
demonstration projects. Financial incentives at the rate of Rs. 15.00 lacs per MW to Municipai
Corponation for Providing MSW fiee at the project site and land on long term lease (30 years on
nominal charges) is also available, This is in addition to Rs. 5.00 iac/MW incentives to Nodal
Department/Agency for promotion and co-ordination of waste-to energy projects.

In line with MNES puidelines, U.P. State Government has also declared a policy for generation of
power from biomass including MSW. Various modifications were also done in the policy to make it
more attractive. Specific guidelines / policy for providing land and MSW by Nagar Nigams required
for generation of power from MSW were also declared. As per the policy of the State Government,
the following major incentives are available for sétting up Municipal Solid Waste based power
projects in Uttar Pradesh.

¢ Purchase of electricity by UPSEB/UPPCL as per the policy of the State Government

» Providing land for setting up MSW plant on lease at the rate of Re. 1/m’ per year

* Providing required quantity, of MSW at dumping site
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Major Steps Required for Handling of Waste and Geueration of Power from MSW

For generation of power from MSW, the major role has to be played by Nagw Nigams. Thercfore 1o

acceicrpic the power gencration programmne based on MSW, # has now been decided that initiative
has to come from respective Nagar Nigams. Nagar Nigams have been asked 10 gt offers for setting
up such projects in their cities. Afler receipt of the proposals, they could be processed in consultation

with NEDA the Nodal Agency for this progranmume in this State.

Basicaily, there are following three types of waste :

* Mumicipal Waste (Solid & Liguid).

¢ Industrial Waste

# Hospital Waste

Industrial & Hospital wasies are being managed and disposed by their respective organisations,
whereas the responsibility for collecting and disposal of municipal waste hes on Municipal

Corporations/Nagar Nigam.  So far, Nagar Nigams have been very effective in handling & disposing
the biquid waste. With the instructions from High Court mare emphasis is being given for scieatific

collection and management of Mimicipal Solid Waste. The collection & disposal of MSW has been

linked up with power generation as an additional benefit  Since, generstion of power fom MSW
technology is yet to be established in the country and the commercial visbility of MSW based power
project is not yet proved.  Therckore, various incentives have been introduced by Governmest of India
and State Governmeni. However, there is 2 need lo handle this programme a5 a2 collective
responsibility. To tackle this progranmene in a more effective mammer, following will have 0 be
clearly defined, exercised and implemented by various concerned agencies and stakeholders as well.
Strengthening of legal infrastructure & easuring it’s execution.

Appropnaie technology suitable to special conditions for short tenm as well as for long ferm
requircments.

Availability of sdequate: funds for MSW based Power Projects.

*  Role of various stake holders and their accoumtability which inciude the following -

Individua! Houschold,

Non-Govermmnental Organisations (NGOs)

Mumricipel Corporation

State Elecinicity Board/Regulatory Comnission

Urban Development Department

Enviromment Department

Financial Instituti

Health

L IO Y I Y

e  Awareness & Training af varions levek.
Coasirzints in Setting up of Waste-to-Energy Project nsing MSW

inspite of 3 major initiative taken by the Govt. of Indis and attractive fimancial sad fiscal incentives
being made available, the progress in setting up MSW based Waste 10 Encrgy projects in the comntry
so&nsrﬂherdncm:m The following are the major constraints in setting up such projects :
}hﬂ:qﬂcoﬂoh‘wmlowpqm
A potential developcr/entrepeeneur is 6ot keen to take up such a project as there is a risk factor
mvolved due to fack of success stories/ground experiences available in the country on successful

rumning project op MSW

Due to deficiency in legislation, there is no compulsion on the Urban Local Bodies 1o take up

such projects, techno-economical viability and sustainability of which are not guaranteed

Most of the technologies were developed in other countries and may not be suitable for Indian
23
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conditions
iLack of adequate financial resources of Urban Local Bodies and State Govis. to meet even a pant -

of the project cost

Lack of concrete / long term sirategy at the level of State Governments as also absence of clear
cut and conducive policy on wasle to energy projects’ such as supply of wastes, availability of
land and sale/purchase of power generated from such projects

General lack of awareness about hygiene and protection of environment
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BIOMETHANATION

The Ministry of Environmeni and Forests, Government of India has brought out a Notification in
September 2000 regarding Management and Handling of Municipal Solid Waste. According %0 this
Notifcation compostable organic waste can not be dumped in the landfills. In view of this
Biomethanation scems 10 be a viable option for tansformation of waste inlo cnergy, A few

demonsiration projects have been taken up in India. Following is 2 brief description of biomethamation
process and these demonstrabion projects.

Micreblology of Anacrobic Digestion

The oversil process of anacrobic digestion occurs through the combined action of a consortiom of
four different types of micro-organism . Hydrelytic and fermeatative micre-erganismes including
units and then fament them 1o short-chain fatty acids and carbon dioxide and hydrogen gases.
Syntrephic bacteria convert the complex mixture of short chain faity acids 10 acetic acid with reiesse
of more carbon dioxide and hydrogen gases 1o provide the main subsirates fior the methane bacteria
Methane bacteria produce huge quantitics of methane and carbon dioxide fioen this acctic acd and
also combine all of the available hydrogen gas with carbon dioxide 10 produce more methane.
Sulphate-reducing bacteria are also present. They reduce sulphaies and other sulphur-compownds o
hydrogen sulphide, most of which reacts with iron and other heavy metal salts 40 form msoluble
sulphides, bat there will always be some hydrogen sulphide remaining n the biogas. .

bat its rate of production will depend on the population of bacieria, their growth conditions and the
temperature of the fermentation.  Microbial growth and naturs! biogas production is very slow ot
mmbicnt temperatures.  As a wasic treatment process, the rake of anacrobic digestion is gresdy
increased by operating in the mesophilic semperature range (35-40°C). For high solid fecdstocks such
as MSW it can be finther increased by operation at thermophilic (50-60°C) temperatures.

Auserobic Process

The formentation, when camied out for producing enexgy, Jeads 10 the breakdown of complex
biodegradsble organics, in a four-state process. If the process is properly controlled so that it proceeds
as per these stages, the principal end product, commonly known as biogas, contains abowt 65% of
methane gas, 35% of carbon dioxide and traces of symnonia, hydrogen suiphide and bydrogen.  This
“biogas’ is a convenient and clean fuel and can either be used direcfly with or without the removal of

carbon dioxide or can be converted info electricity with the help of suitsble generators.

Cholce of Anserobic Reactors
Biomethanstion requires adequate infrastractare. The first and the foremost among them is the
bioreactor in which the treatment is o be carried out.  This is afl the more 30 since extremely buye
volumes of efflucnts are encountered for treatment.  Thus, an optimally designed bioreactor can
decrease the treatment time and increase the treatment efficiency leading to an overall lowering of the
treatment cost.

Selection snd design of bioreactors are dictated by process kinetics. In biomethanstion, kinctics of the
acidification reaction (acidogenesis) as well as the methane formation reaction (methanogenesis) are
taken into account. the&eamgeyw&ﬂed&euhnwismmduuqf

thﬂnwofﬂ:bﬁnﬂuﬂiﬂnmkwmw&m
step. It is scen that the rate of biomethanation can be accelerated only by enhancement of the rate

conversion of VFAs (Volatile fatty acids) to methane. This can be achieved by two methods -
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e By increasing uptake of VFAs. However, the rate at which faity acids are taken up by the
methanogens is an inherent property of the organisms. It depends on their specific growth rate

and cannot be increased beyond a certain value.
By increasing the concentration of the methanogens in the reactor. “This is not possible in a

completely mixed reactor where the methanogens are suspended in the liquid phase.

Table 9 : Evaluation of Biomethanation

Demerits
The process does not treat the whole waste,
only the organic fraction is treated.

Merits
1.. The treatment takes place in a closed | I
container, hence the entire operation does

not get affected during rainy sedson. .
2. The treatment is free from bad odour, { 2. It is unsuitable for wastes containing low

rodent, fly menace, visible pollution and organic materials or recycled maternials.

easy to manage in hygienic conditions,

3. Generation of gaseous fuel and soil 3. The biogas generation depends upon the

conditioner as end products. composition and nature of organic wastes fed
into the reactor and design pammeters of the
reactor.

4. Modular construction of plant and closed | 4. Some amount of water is required 1o make the
treatment needs fess land area. feed slurry.  Water requirement may be high if
it is necessary to operate the digestor at a low
solid coment. - 7

5. Cost is a major barrier because it is much more
capital intensive than composting in most of
the cases,

Biomethanation Projects — Case Studies

Case Study 1 : Nagpur Municipal Corporation

The Nagpur Municipal Corporation plans to treat the city MSW through biomethanation using a
Belgian technology called the DRANCO (Dry Anaerobic Composting) process. This project would
generate 4.75 MW of electrical power by processing 520 tonnes of MSW everyday. This would

additionally generate 150 tons of shudge.

a. Details of the technology

The DRANCO process consists of a thermophilic, one-phase anaerobic ferméntation step, which is

followed by a short aerobic composting phase. Before the waste is fed to the digestor, it passes a pre-
treatment, where the particle size is reduced to a maximum of 40 mm in two dimensions and inert
material is taken out of the waste stream. The digestion takes place in an upright, closed fermenter,
which is fed from the top and from which the material is extracted at the bottom. Before the fresh
waste is pumped into the fermenter, it is mixed externally with inoculum. This inoculum is digested
residue coming from the fermenter. During this mixing, steam is added into the mixing unit to heat
up the substrate to a temperature of about 55°C, which is needed for the thermophific digestion.
During the anaerobic digestion phase in the enclosed digestor, the degradable organic material is

_ converted into biogas.

The digested residue is extracted from the digestor, dewatered to a dry matter conient of about 50°C
and then stabilised aerobically during a period of approxirately two weeks.

Table 10 : Salient Features of the Project

~ Name of the project Municipal Solid Waste to Energy, Nagpur

2 Mode of implementation BUILT, OWN, OPERATE

2
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3 Namc and address of Tavestor/ Promoier M/s. Enbee Infrastructurc Lad.
Piot No.5. Zome -#1, M.P Nagar,
Bhopal -462001, M.P.

4 Locstion of the project Bhandewali/Nagpur

5 Typc of Wasic Mumicipal Solid Wasic

6 | Quantity of Wasic availablc from | 520 MT/day

{Corporation/Council/Solid waste/ scwage)

7 Land Requircment 10 acres

3 Power Requsiroment 730 Kwh

9 Walcr Recuircment 15ican/day

10 Estimatcd cost of the projoct Rs. 4730 lakis

Table 11 : Post - Treatmest Products and Recovery Per Day

SNe |- Hem Inpot Ouipst _(prepesed)
] Manure 65100 MT/Yewr 49500 MT/Year
2 Power 42.77 million units/Year 37.62 mvillion wnits/year
3 Scrap 4000 MT/ Yem 3900 MT/Yeur
b. Propased power generation capacity
a) Installed Capacity : 5.4 MW (gencnation)
b) Auxilisry Consummption : 0.75 MW
€} Net gencration capacity ulilisation (in %)
1* Year 60% : 25.66 MKwh
2" Year 65% : 27.80 MKwh
3™ Year 75% : 3208 MKwh
d) Nearest sub station of MSEB : Wathoda
¢) Utilisation of power generated :
i Captive use : 075 MW
ii. Sale to third party : 40MW

c. Status of disposal of wastewater afier power generation
mmmdwm&woﬂ&mwum,mﬁb
N Municioal C .

Case Study 2 : Lucknow Project

The Lucknow project would treat MSW using BIMA ( Bioges Indeced Mixing Arvangement )
digestors. This technology has been developed by M/s Entec of Anstria. Their technical collsborators
in India are M/s Enkemn Engincers Pvt. Lid, a Chennai besed environmental engineering company.
The plant would treat 350 TPD of MSW i the first phase and generate 5 MW power. The Entech
technology is suitable for high BOD wasie materials having some sulphate content. The digestor
converts the waste materials indo biogas and 75 ions of shadge.

a Details of the technology

The BIMA digestor is an anaerobic digestion system.  The salient features of the BIMA system are
as follows :

27
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‘There arc no moving parts for mixing; so this reduces installation, service and maintenance costs
There are no narrow pipes inside the digestor; so clogging docs not occur

The main chamber of the digestor can take wastes with a dry matter content upto 12% ; resulting
in shorter residence times , smaller volumes and a reduction in investment costs

No short passes are possible in the chamber system and hence there is a plug flow effect

BIMA digestors can be operated at mesophilic (15-35° C) or thermophilic (55-65° C) temperature
ranges depending on the type of substrate and the process requirements.

It is also possible to des:gn a two stage anaerobic digestion if required. The methane content of the
gasis 60—65%

b. Process description

The BIMA digestor is divided into three separate sections, and inter connected to provide passage for
flow of liquids and gas. The three chambers are the main chamber, the upper chamber and the central
tube to which the feed pipe is connected. In the central tube, pre - hydrolysis of the substrate takes
place. Most of the biogas is generated in the main chamber through the decomposition of organic
materials. By closing an automatic valve in the gas pipe between the two chambers, the gas produced
in the main chamber stays there, which in turn displaces an equal amount of digested substrate to the
upper chamber. This builds a level difference. When the required level difference is achieved, the
gas is released to the upper chamber by an opening in the valve in the gas connecting pipe. Thus the

‘substrate displaced in the upper chamber flows back to the main chamber with high velocity. A

portion of the wasfe flows to the main chamber through the mixing shafis. 'On account of this fresh
substrate, scum and sediments are perfectly mixed with the conients of the main chamber. Thus the
new pre-hydrolysed substrate is mixed with active biomass in the digestor. Another portion of the
digested substrate, which flows through the mixing shafts, pours onto the surface of the main

chamber, thus avoiding scum.

This patented way of mixing ensures that the most important zones of the digestor are optimally
control!cd by:

* The turbulent mixing of the substrate
The distribution of degradation products from the bacteria as well as the optimum supply of fresh
substrate to them
s The control and stiming up of seitled shudge
The control, destroying and mixing of the skiroming

L

Case Study 3 : Tata Energy Research Institate (TERI), New Delhi

TERI has developed a two-stage process consisting of acidification and methanation, called the
TEAM process. The study has been conducted on mixed vegetable waste ; cauliflower, cabbage ,
radish , spinach , mustard and carvof, procured from a local vegetable market. Anaerobic batch
digestion of this waste has been done at 5% TS concentration in a 10 litre capacity digestor.
Digestion of waste after 47 days resulted in 0.16 m3 of biogas per kg of TS added. This biogas had a
CH4 content of 68.4%. The decline in COD of vegetable waste shury was approximately 65%.
Degradation of the waste was also siydied in a solid bed reactor of 64.3 litre capacity by sprinkling

waster at regular intervals. The COD of the leachate obtained from the solid bed digestor ranged

between 1500-25000 mg/l.

a. Details of the technology

The TEAM (TERI's Enhanced Acidification and Methanation } process is a two - stage process
consisting of acidification and methanation. In the acidification phase, the organic content of the solid

- waste is leached out to make a high strength liquid of 20,000 mg/l COD by decomposition of the

28
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waste with contmuous sprinkling of walcr. In the methanation phase this high strength leackaic is
treated i 2 high raic UASB (Upflow Anacrobic Studpe Blanket) reactor to produce biogas. The
sludge produced afier dipestion is dried to produce good quality manure.

&. Process description

*  Acidification reactor

Acidification reactor consists of a rectangular digestor, a filier and a reservoir.  Rectangular digestor
has water seal opening at the fop, which provides amaerobic environment in the digestor.  Shredded
waste is loaded info the digestor from this top opening The bottorn reservoir is filled with Eesh
water, which i sprinkled over the shredded waste bed i the digestor by means of a perforaied
sprinkicr situsted in the door of top opening.  Liquid percolates through the bed of the wasie and
collects in the reservoir through the filler. The collected leachate is recirculated using a small pump.
The process continues till extraction of the organic maticr from waste into the leachaie is complete.
Leachate has 2 COD (Chemical Oxygen Demand) of 20,000 mgff. An arrangement for the peniodic
removal of digested solid wasie is provided in between the filier and reservoir.  Dried digested solid
wasie is 2 good qmlity meaure consisting of 2.1% of nitrogen, 1.6% of phosphorous and 24% of

potassiam.
s Mcthanation of leachate in the UASB reactor

The leachate collected from the acidification reactor is trested i a2 UASB reactor.  The Microbial
ceusortia in the granular sludge degrade 90% of the organic matier present in the fed leachate and
comvert it 10 & high calovific value fuel ic. biogas. The gas formed constitates of 70-75% mcthane,
20-25% of carbon dioxide and traces of hydrogen and hydrogen sulphide. Trested leachate can be
recycled back to the acidification reactor for sprinkling.  Thus the use of waler is minimal, unlike
conventional biogas plant
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CONCLUSION

Municipat solid waste and its improper handling and disposal methods pose a serious threat to human
being and their environment. A large part of the total waste generated in India is simply dumped in
open dump-yards giving rise to unhygienic surroundings, health hazards, contaminators of ground
water, an unclean look to the cily, generation of methane which contnibutes to global warming and
other obnoxious gases. A proper municipal solid waste management system is a major challenge in

the protection of local and global environment.

A number of technological options 10 minimise the municipal solid wastes and reduce emissions of
methane. The mumicipal managers need to be given adequate exposure and training to these
technological eptions for application in their municipalities to minimise wastes and reduce methane
emissions. At present most of the municipalities are constrained due to lack of financial resources and
infrastructure facilities to introduce modern municipal waste management in the municipalities.

Keeping in view the ever-growing problem of solid waste generation, its management and associated
impacts, the Ministry of Environment and Forests has brought out a set of guidelines for the
municipalities for Management and Handling of Municipal Solid Wastes. These guidelines concems
(i) collection, (ii) segregation, (iii} storage, (iv) disposal of mmmicipal solid wastes in sanitary
landfilling. The notification makes it obligatory for the municipalities to restrict landfilling to non-
biodegradable inert waste, and other wastes that are not suitable either for recycling or for biological
processing. With this in mind, the guidelines also prohibit to dump the biodegradable component of
the waste into the Jandfills, thereby avoiding a chance to methane generation.

Under the present circumstances, and in view of the Gol Notification on the diq)osal of municipal

solid wastes, there is hardly any scope for recovery of methane from land§ills for re-use for energy
purposes. The best technofogical options to reduce methane emissions for such wastes is to adopt an
~ efficient solid waste management system to reduces wastes and adopt the technological options

already well known in the country for dealing with wastes to wealth. Options like biomethanation,
however, offer opportunities for waste to energy recovery and avoidance of methane generation. A
city, however, needs huge amount of financial resources 1o adopt any of the technologies mentioned
above for handting its solid waste. To address to the problem, involvement of private sector is a must

and government policy should provide support for this.
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