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India may be particntarly vulnerable to climate change as a poor and tropical sub-tropical 
country, highly dependent on weatha 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 largemadhe 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. 

In any multidisciplinary area of sfudy, tbere is a danger that people use camton tenns 

f with a different meaning in mind. It is therefore, neeessery to clearly define at the 
beginning what is meant by some commonly used tenas such as d t i v i t y ,  adaptive ) 

capacity and vulnerability. We reproduce the IPCC definitions in Box 1. Other t a m s  that 
need to be defined at the beginning d a t e  to confidence levels and state of knowledge. 
Box 2 h m  lPCC shows these. 

Box 1: Climate Ctiange Satsitivity, Adaptability and Vulnerability 

.%din@ is tbe degree to which a system is aftkted, either advt tdy  or bmcfieiatty, by 
climate-related stimuli. Climate-relatad stimuli encompass all the el-ts of climate 
change. including mean climate c-cs. climate variability, and the fraquarcy and 
magnitude of extremes. T4e effat may be dirCEt (e.&, a change in gap *Id in response 
to a dm&. in the mean, mge or variability of temperatme) or e ( e . g . ,  damages 
caused by an inaease in the frequency of coastal flooding due to sea-level rise). . 

Vulnembiii@ is the degree to which a system is swceptible to, or mmbk to cope with, 
adverse effects of climate change, including climate variPbiEly and extremes. 
Vulnerability is a iindoit of the character, magnitude and rsto of c W  change and 
variation to which a system is expogad, its sensitivity, and its adaptive e t y .  A 

' Ad@~,wpocify is the ability of a systan to adjust to climate Ehanee, &luding climate 
variabiIi@ and ath.emes, to moderate potential damages, to Eatdc advantage of 
-ties, or to cope with the consequences. 

Box 2: Confidence Levels and State of Knowledge 

I 

I Quanh'tafive Assessment of Co~$dence Laek  I 
In applying the q r t p m - d  

- .  authors of the report aosiga a confidence h e 1  that 
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2. Climate Change Scenarios 

h a e d  P.h*udban 
Indian InstiMe of Technology, Mumbai 

Climate change i n d u d  by human activities is now rcmgnbd as pahaps the most 
serious environmental problem and developmental challenge in the world today. The 
Earth's climate system is likely to undergo significant change ova  the course of the next 
century and longer, as a result of forcing due to the increasing atmospheric concentdons 
of greenhouse gases. The consoqucnccs of these changes in the climate system will lead 
to impacts on natud and social systems. Ev,"'uation 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 

i timoscales. Tbis variability and the occmeme of extremes of weather a h d y  poses a 
challenge to the sociwconomic system. Considering that even future climate change will 

) 

- be perceived largely in terms of changes in variability or extreme events, it is important 
to understand the tmeline of impacts that m l t  from current patterns of variability and 
exiremes. Therefon, this sedion begins with a review of the chara&ristics of cumat 
climate o v a  the Jndian subcontinent, with spacial attention toward8 exhrme weather 
events. We then summarize some of the recent projections with %gad to climate change 
for the Indian subcontinent. 

2.1 Climate ebaracterbties and tre~ds 

Thc climate in the Indian~mbeenthmt, a m most of lmpical A&, is dmuhtd by the 
two m o m  seasons - h e  Southwest Monsoon, from June though Septemba and W' 
Northead Monsoon. f h m  November through March. The rmqoom bring most of the 
&m*s precipitation and are the most criticd climatic factor fbt the provision of 
drinking wata and watera'for rain-fcd and irrigated agriculture Tbs Indian subcontinent is' I 
also home to some of the largest riva basins in the world. including those of the Ganges, 
Brahmaputra and the Induc A significant proportion of Indian poplation and economic 
activity is concentrated m the deltaic regions of the major rivers of the s u b m n ~ t ,  sueh 
as the Ganges, Godavari, Mahanadi and Kaveri. 

Overthe last 100yeammeansurface tanpcratunhas-by0.3-0.8-C 
ova  the tropical Asian region (FCC!, 2001). In India. Rupa Kumar d al (1994) have 
danonsbated that mean maximum temperatures have i n c d  by 0.6 degrees C for a 
period h m  1901 - 1987. They also obse~~ed a decrease m mean minimum kmpmtwe 
of 0.1 degrees C; however, this decrease was not statistically significant In another 
study, Srivastava et a1 (1992) found an increased warming trend in the last two decades 
(1971 - 1980, 1981 - 1990) as compared to previous decades. Figure I plots the annual . 





In addition to midall over spatial (regional) or temporal (saLsoeal) scales, it is 
also important to examine two 0th- features of the monsoon - wet spells and heavy 

The summer monsoon exhibits a characteristic active and break periods that 
~ w e t a n d d r y s p c t I s o f V e r y i n g ~ o a T h i s m ~ ~ t y m ~ a l l i s  
particularly important for ag"eulture, imd is a key issue m temrs of forccssts of future 
climate change. The India Meteorological Department (IMD) considem days in which 
d l  excecds 7 ans as heavy middl days. Heavy rainfsll days a~ important livm the 
puspedve of floods. Treads in hesq.rainfall have been expkued by Sinha Ray and 
Srivastava (2000). who find a deawshg trend m heavy raintjlll cltldng tbe winter 
(January - February), pre-monsoon (Msrch - May) aad post-momnm (October - 
Daxmbm) sessi#ls: end mixed results during the monsooa itself. Thq  suggcs) .~  the 
decrease m pn and post-monsoon seasons could be related to the decreasing trend in 
cyclonic activity f d  by Srivastava et al (2000). Recglt decades havc exhibited an 
increase m extreme (or hcavy) rainfall events over northwest India dwing the summer 
monsoon (Sigh and sontakkc, 2001). 

2 3  Extreme events 

The Indian &contineat is subject to a wide variety of cli~latwelated extreme events, 
including tropical cycfoas, f)oods, landslides as well as heat waves and cold waves. 
Significant impacts are associated with these events, as can be scat fian Figure 3. While 
tropical storms appear to be the most important, it should be noted that if the n u m b  for 
earthquakes and storms are high due to a single vay destructive event - the Latur event 





(1995) has shown decadal-scale variati-with a rising trend during 1950-75 and a 
declining trend since that time, and Singh et a1 (2000) suggest cycles of various 
periodicitics, the most important being 2-5, 10, 13 and 29 years. However, there is some 
disagreement with regard to the inferences fiom the observational record, as Srivastava et 
al (2000) suggest that there is a statistically significant decreasing trend in the lieqwncy 
of storms when evaluated over a period of I891 to 1997 for the Bay of Bengal. The same 
study concludes that t h e  is no significant trend when one examines cyclonic 
disturbance as a whole. 

~ropical cyclones lead to a \Prietyef- stme immediate, due to stow surgs high 
w i n d s a a d f l o d n g . H o w t v a , ~ e r e ~ ~ ~ i m p e C r a ~ t o ~  
dislocation of public infisstructure and eomeqacmt public and private economic output. 
e t s  associated with tropical cyclones are discussed M e r  in a subsequent section. 

Riv& floodiog is perbps the most &mate-related hazard in hrdir Flood 
control has baea a key element of national policies for water resource management. There 
ares variety of types of floods, inclpding flash floods, single event floods, multiple event j 

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 &hue 
and estuarine floods. In this d o n  we will focus on rainfall-induced floods of rivers. At 
present W are about 120 major and medium rivers in India that are broadly grouped 
lmder 12 major riva b a s k  Indus. Ganga-B-utra-Mcghna. Sabarmati. Mahi Tqi, 

on the major atd medium rivers of India. Ihe rivers are said to be in flood when the 
watg l&l ao8scs the Danga Level (DL) at the partidm site. Major floods en defiwd 
as~~cntswhentheDLisex~by1mctaandmostsevcrefloodsanmmtswhae 
the DL is ex& by 5 meters. For a paiod%dm 1987 - 1997 the most flood prone 
states - Assam and Bihar, followed by Unar M a s h  and West Bmgel. A good sours 
that describes the all-India d h i u t i o n  of flood hazard is the Vulnerability Atlas of India. 
fium the B U I  Materials Technolosy Romotion Council (BMTPC, 1997). The 
maximum n u d m  of flood me&s are experienced in the month of August. 

A lPgc patt of the Indian subcontinent is exposed to armual floods and dr0uP;hts. The 
o c u n m ~ ~  of floods and droughts is closely l i e d  to the summer monsoon activity. 
Variations in heavy rainfall and meteorological floods have been analysed by Chowdhury 
and Mhasawade (IWI), 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  ha' and 3.1 Mha, respectively (GOI, 1992; Mirza and Ericlrsen, 



F l o o d s c r n c ~ ~ m ~ . v a * l p e f l o o d d m n g e o v a * p l b d ~  
1953-19g?hrbccn~1I(r298aaarmpnY,with~mat.tily~lkdlad 
1318pp-ya(Roy, 1998). F i ~ 4 d m i b a t b c ~  in fboddamgcSbr8paiod 
6om 1953 - 1987 (CTE, 1991). h ths Pigna the Bmd drtllgsl b e  
hrrrr&drtadilyovaaperiodofthae.TBirisohlyporttydacto~itbsLsrd 
i t s d f - a m ~ l . r l l a o o a t n ~ i s ~ d u o t o t b e M a q n r a r e b i b c b m d  



Flood damages have risen over the years, as described above (Figure 4). In the outlay on 
flood protection has also increased consntently, as have the expendihnrs on relief and 
wvery .  All of these suggest a pattem of hereaskg vulnerability, which might women 
as a result of climate change. The increase trend in flood damages is suggested even 
when the data arc adjusted to a urmmon year (constPnt Rupees). This is described in 
Figure 5 below, which displays average annual damage in different plan periods 
(including some years when there were only annual plans). 

Figure 5: 
': 

Whik a pad IX the increase in damage might be athibutable to the o d  inbitase in the 
~ ~ t o t h e h a z e r d ( ~ ~ ~ ~ i s i m p o r t r m t t o i a e f y b e ~ d e g r e e t o  
which systems are also becoming mok resilient, particularly m the case of factom such as :? 

mortality which can be reduced througb a number of policy interventions and adaptation 
strategies. Figure 6 provides a first attempt at admessing this question by plotting the 
scaled moxtality and damages (i.e. the d o  of total mortality to the total flood affected 
population, and the ratio of total economic damagc to the total flood affected area). While 
scaled mortality docs not ~ppear to have any clas  trrnds, scaled damage does seun to 
haease in a fashion similar to the o v d l  damp@?. This suggests that then is perhaps 
lncreastd concentration of housing, public indrashucturc and other capital stock in flood- 
prone areas. 



~ ~ . y b c ~ ( b e ~ ~ ~ ~ f m m a ~ ~ d e p c e d r  --" m i k  

1999pcrioQrldle~llilsDbrrofbatrmrrp~~mpI.lj.brd~(17 
ad lS,rerpctivrlgXtbemahtityin(kicannrimstba~timatbtmPmjrb 
(114 = coaprsd to 529) (clmdlmy et 4 2000). hrlha ano&FtiaPI ad 
~ r m l y & s ~ f ~ ~ ~ ~ h a t m r c ~ t o p o v i d c P o c f u l  
insights into tbe mle and eff&tiveoss of ;dPptation md rdrptin cap&y. 



F* 5: Heat waves: incidence and morta&y 

)rejeetiw~ offptun chute cbamgt 

0 
.2 S c u m r i ~ i l o f f a b . e e ~ c h s q g e a c ~ ~ & p j o c t i e n s f o r t h e  

e ? n i s s i 0 1 1 8 o f g r a s o e o u s t ~ C 0 m p k x ~  c modeLaoftheatmoqhere, 
ocean, capsphere end the bi+ are used to evaluate the e&ct of the changes in 9 
radiative forcing associated wth inaeased umcentrations of gnenhouse grscs These 

I; 
modeis also include the effect of factors such as sulfide acmsola A variety of approaches 
am then usad to dcvdep regional end local sceoaios for changes in climate variables. 
'Ihess include, for example., nested nmdsk, statistical downscaling d related 
techniques. B e h e  using a praticulu clunate model for developing regional scenarios of 
future climate it is nectssary to sssess the degm to which that model s imulw the 
cwent climate conditions, including cumnt pattans of climate variability. This is 
particularly important as impacts are often most sensitive not to the climate variables best 
simulated (such as rcgienally or globally averaged surfatc tampemtun) but to variables 
such as precipitation or him orda climate statistics, such as nrtccdcaees ova a 
thnshold, or nms (mks) of exceedenow (such as a heat wave or a cold wave m the case 
of tnnperahne). For example, many models do not capture the intmcasonal and spatial . . 
variability in the summer monsoon rai~fall very well. Modd vahdahm cxefcises of this 
kind have been carried out (LaI ct al, 2000, L.l and Harasawa, 2000). A number of 
modcIs and model experiments wae rated to have some skill in simulating the broad 
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3. Agriculture snd Food Security 
Kirit Pa* 

Indin. Gandhi Itrrtihite of Development Research, Mumabi 

% importance of agriculm in W a  is m&fbfd More than 28 pcr cent of GElP was 
gemrated in agriculture in 200M)l. More than 60 per cent of the workem have their 
primary employment in agriculture as per the census of March 2001. Agriculture 
provides the bulk of wnsumption of India's people. The bottom 50 per cent of India's 
population spends two thirds of their wmtmption expenditure on food. Thus when 
agricultural productioa system is d&urbed it affects everyone in India It disnrpts the 
livelihood of the poor. It thrcata%s theH food Mcmity. It agpvates the ck@h of powb/ 
and enlarges the extend of it as high food prices pushes down those on the margin of 
poverty line, &low the low. ) 

Indian agriculture has made significant pmges in the last four dacrsds. Irrigation has 
expended fium 38 million hacteres in 1970 to 83.6 million bectans in 1998. Thua, it is 
now less whwable to variability of weather. This, however, dots not mean it is less 
vulnerable to climate chsnge. Climate change urn change suitability of different crops, 
can disrupt ground wata tabla and supply and also surface water flows. This may 
change the effectiveness of inigation systems. 

Tbc changes in tempaatmc, monsoon activity and level of carbon dioxide (m) af&ct 
the pdwivity of crops. While higher wmtration-of C G  can increase the rate of -- 

-photo synthesis and crop yields (Cure and Acock, 19(16; Kimball et al, i993). Recent 
research suggsts that beneficial effect of CQ fatilization "may be greata  under^ 
sk&id conditions, includingbarmer teinperatum and h g h t n  (lF'CC-TS of WGII ' 
Report). While this is "well cdablisl~ed fbr some uops under expaimental umditions, 
knowledge about them is incomplete in sub-optimal &ditions of actual forms". Acute 

,l 

water sbortages combined with t .  stress should adversely affect wheat and more 
sevaely, rice pductivity in India even under the positive effects of elevated in the 
Mure. 

Othg threats to agriculhnaf pwdudvity ariseg due to inaeas#1 ineihce of pests and 
diseases, greater frequency of floods and ckmghts, increared fnquen~y of other wrtreme 
events such as cyclones, greater soil erosion due to increased intensity of rainfall and 
sbunger winds. 



anda tbe c k l g u - w -  c o o d i t i m r - d  
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crop growth, and fann management. The model was originally developed 
to study the effect of erosion and Jones et al. (1991) discuss the model 
shucture 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: 

Tcmpcrrt.~: Tbugh its influence on rate of plant phenofogical 
deyelopmmt, the length of growing paiod, and the rates of evaporation 
and tlanspilation. 

Refipltrtlou: Through its influence on soil moishrre stress. The moisture 
stress days dming the growing period are accounted while evaluating their 
effect on plant growth 

Ambient Cot coneen* Through increases in d k ? h  aec 
efficiency (which is defined as photosynthesis per unit of solar radiation 
absorbed). Imxeare in radiation use efficiency would result in 
improvement in leaf area idex, and also reduction in transpiration Both 

1 
these effects would feed to improvement in crop yields. 

* .  
Tbey have calibrated the EPIC model parame((x8 so that it rrproduce observed yields at a 
number of places in the country for which all the relevant data were available. Them were 
12 sites for rice  and 10 for wheat which covered the @ortaut rice and wheat growing 
areas in the couotty. Tke T h e 1  is then used to gmaate yields under climate changes 
scenarios gmaated by a r e n t  gkbal citculation models. 

The mrrmal c- amespdhg to the paiod 1930-'60 is used as thebase climate. The ---- . climate chaagc saaarios an gmaated using ths & fiom ths-squih'brium 
-ts mducmd at Goddsrd M M e  of Space Studies (GISS) (Hansen et al, 

1: 1988). &fluid Dynamics Laboratory (GFDL) (Manabe and Wethedd, 1987). and 
United Kingdom Meteorological Office (UKMO) (Wilson and Mitchell, 1987). The 
predicted changes in climate h these scenarios arc expected to manifest by year 2060. 
The output h m  these three scenarios varies substantially, with the UKMO scenario 
projedng maximum change and GFDL Scmazio projecting minimum 
change. The avaage teqwahm change across India projected by these scenarios rengcs 
h m  2.3 to 4.g0C. All the Scmazios project the tenpmhue rise in the Northern India to 
be higher than that in the Southern India Though all the scenarios predict higher 
precipitation during monsoon, the projections vary significantly across scenarios. 

l leh estimated impacts on wheat and rice @Ids are shown in Table 3.1 and Table 3.2. 





Rice 

Wheat 

NR :Normalrainfall T+2: 2'C imxease over base tempasturc 
12k 20.h increase o v a  normal rainfall T+4: 4OC increase over base tan- 
0.8R: 20.h daxease 0% DomMt midall 
333: Ambient Ca cornhation 
555: Enhanced C02 concentration under changed climate 

Figure 3.1: Sc~~dtivity of EPIC crop model to changes in climate 



We can summarize their findings as shown in Table 33. Thcsc dwtgcs n nd a 
have s i g n i r i  impact on human caditions 

T . b k 3 > R u ~ o f I . p . c ( - W k r t d R i o Y i d d r o r a S e a . r i r E r W  
C i i  

 he national averages PC ob(nincd by amaging witb the pupalions of i n i m  and 
hinfal ucss. T b c  n shown m Table 3.4. 

T o a s s a s t h e ~ o d w e 1 h r r e o e r e q r v a a s o f ~ m y i d d l e v e b  
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d i m  groqp~ of peq,k, K w  od P d  IIIC tbe g m d  c q u i l i i  modd. 
AGRIM,deveb+d byN.RyarN.SS,PrildSK.edSlinivrraTH. (1991). 
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deterniincs cropping patterns and input levels endogenously and thus reflects some 
adaptation by farmers. 

Kumar and Parikh gew&e d o 8  with AGRlM covering the period 1990-2060. The 
climate change scenarios are compared with a base scenario. Table 3.5 compares some 
major macm 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. 

Depending on the c'nmte ehaRge scenario under dW0tt expacted decline in 
agricultural GDP ranged from 26 to 33 per cent. The overall e m  of c h a t e  change has 
resulted in loss in GDP under all scenarios, with the decline ranging between 1.8 to 3.4 
per eent. (The losses are -test under UKMO scenario and least under GFDL scenario.) 
The impacts on agriculhual GDP are substantially reduced after considering the C02 
fdilization effects. AkmetheIess they are sizeable. This gain in agricultural sectors under 
the scenarios with C02 fdlization effects result in only a marginal loss in non- 
agricultural sectors' performance. 

The agricultural production losses are compensated somewhat by higher a@.cultural 
prices and the results show higher losses in urban income as against the rural income 
under climate change scenarios. 
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4. Coastal impacts of climate change 
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-: 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 I 

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 I 

the coastline of Central and North Ketala, and Southern Tamil Nadu. Erosion due to I 

cyclonic storms takes place all along the coast. 

m: 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, Subernarekha, Cauvery, Tapi & Mahi. ) 

Subsidence: Coastal subsidwe 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. 

Ecawsbms: The Indian coastline is richly endowed with a range of ooastal ecosystems, 
including mangroves, salt marshes and other wetlands, lagoons, coral reefs, dunes and 
sand / mud flats. For example, lagoon formations Like Chi& (Orissa), Pulicat (Tamil 
Nadu). Vembanad (KeraIa), and near Tuticorin are well known. These are threatened by 
various activities related to industrial production (effluents), new wmbwtion (dredging) 
and sedimentation. Virtually all the rivers flowing into the Arabian S&.fncluding the 
Narmada, Mahi, Tapti, Sabarmati and others have extensive mud flats d 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 wastalczone. Climate 
change is likely to lead to further deterioration of the ecosystems. 

Sal in i ion:  Salinisation of agricultural land is commoniy assbeiatal with tropical 
cyclone occurrence on the East Coast. Districts that are particutuly Hected include: 
Sundarbans, South 24 Parganas, Balasore, Pun, East & West Godavari, Krishna, Ongole 
and Nellore. Many coastal regions also suffer from longer-tenn saline inhusion into 
coastal aquifers and groundwater, including the coastal districts of Nellore and Prakasam 
in Andhra M e s h ,  Northern Tamil Nadu and the Saurashlra region of Gujarat. 

4 3  Sea level rise 
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. Impacts on coastal tourism, particularly 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 a1 (1995). They estimate that a 1-meter rise 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 Mia 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 
th* in the absence of protection, approximately seven milfion people would be 
displaced, and 5764 kmzof land and 4200 km of roads would be lost The dominant cost 
estimated was that due to the lass 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 I -m sea-level rise (source: $NU, 2993) 

Population (milllon &&at area (million hectares) hectares) 
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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 Mausant, h o w w ,  thm is considerable variation in terms of classimg and 
syslematically 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 dccting Andhra Pradesh, to give an indication of the 
possible advantages of building adaptive capacity and impmving the overall 
developmentat baseline of the region. 

Projections 

C u m t  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, area of 
oecunence, 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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5. Water Resources of India 
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5.1 India'* VsleernbUity 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 neighbowing countries 
depend on agriculture for their livelihoods and the agriculhd 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 Jndia shows a panem similar to that of the annual rainfall. However analysis of 
revealed an increase in the ~lean annual surface temperature over India The relative 
dominance of the increased wncentrations 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 
ahnospheric General Circulation Model projection, the best estimate of surfaoe warming 
for the IPCC's B-a-U scenario is warming of 1 to 2% over the Southern Asian Region by 
the year 2030. The precipitation changes over South Asia are likely to increase 
throughout the region by 5 to 100/o in Summer, while marginal changes are expected 
during winter. The projected largest warming of > 3 .5 '~  occurs over the north west 

< 8 particularly over Rajasthan and adjoining areas. .Relatively uniform warming of 
approximately 2 . 9 ~  occurs over both the Arabian Sea and the Bay of Bengal. The most 
pronounced greenhouse gas induced warming over the land mass of the Jndian sub- 
wntinent is expected to be during the pre-monsoon season. The simulated changes in 
annual as well as seasonal surface temperature over the entire study area are found to be 
statistically significant at 95% confidence level.' 

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

' A& And A n t w e d  Cbangm b India's CIimotc : M h l  B A1 In ?he Bad Global Wanning Ed M Lnl, P117. Taa 

&mm Hilt. 1993. 





coastal econonly and demol~sh coastal eco systems 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 to inundate wastal 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 n a t d b b i t a t .  It is used 
for drink'mg, 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 global scale, total quantity of water available is about 1600 
million cubic km. The hydrologic cycle moves enormous quantity of water around the 1 
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% frtshwater, 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. 

Net Utilisable Groundwater eswce for irrigation 1 325 Cubie km. I 
Source: National lnstifute of Hydmlogy 

TABLE - 5.2 : LAND AND WATER RESOURCES OF ~ ~ y r ' '  

PARTICULARS 
Geographical A m  
FIood Prone Area 
UItimate Irrigation Potential 
Total Cultivable Land Area 
Net Irrigated Area 
Naiural Runoff (Surfme Water and Ground Water) 
Estimated Utilisable Surface Water Potential 
Groundwater Reswrce 
4vaiIable Groundwater resource fw Irrigation 

QUANTITY 
329 million h a  
4@ million ha. 
I40 miIIion ha. 
184 million ha. 
50 million ha. 

1869 Cubic km. 
690 Cubic km. 
432 Cubic h. 
361 Cubic km. 
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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 ecommy 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 envimmental and 
other needs. This is untenabfe 

At Independence poputation was less than 400 million and per capita water availability 
over 5000 cubic meter per year (m3lY). With the population crossed 1 billion mark, 
water availability has fallen to about 2,o00m3lyr per capita By the year 2025 per capita 
availability is projected at only 1500 m Iyr or 30% of availability levels at Independence. 1 





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 mral 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 imgated area. 

53 Populations Food Graiu Requhenwut 

In India the food grain availability is at present around 525 gnrs per capita per day 
wbereas the c o ~ i n g  figures in China & USA are 980 gins and 2850 gms 
respzctively. 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 
million 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 1 
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 imgation 

c from present 28% to roughly 40% by the year 2050 and adQpting drip and sprinkler 
irrigation in India 

The total geographical  are^ 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 total 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 sun off is at 
least 1 I00 cu.m per year. 

Water availability of both surface and groundwater is M e r  reduced rdla 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 2 

include water quality degfadation fiom ago-chemicals, industrial and domestic pollution, 
groumhvater 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 m3 per annum, 
actually compares quite favourably with a number of other countries. 



Note : Lvocl Ag. Y ~ U L  Added not awihbk 
SOWnXS : World INI~Mc (1997) oad warld &aa (19118). 

W a t u ~ i n ~ ~ m ~ m u s t & i f t i t s Q p b r r b ~ ~ ~ . r r  
p r e s e n t t o ~ g o o d , d l r e e o f m a r k u m c z ,  - WitbmtpmKqdm .. - oflbc 
berinegacda. S t r h r c h m g G w i ~ & e v e a r m r c c ~ d e f t k a i n r l b a t i m . ~ ~ ~  
~ ~ t o f n n t a , a d t h e i r r o k s o f b o c h p o b l k a d p i v k a d o n m ~  
wata rcsomca must be d e M  

Achieving ard.inrbk trre iad of- m fadir win famcr rsqpbe a sbiA 
h c h t i m d i ~ t o p d r n m c e n t n l k a i q p o w b t o w l n b ~ m o r e ~  
approsctr. While government brs a impomat rok to play, it is only aw rmoag mray 
stakeholdas involved Thcsc stakcboldras include Govunment of India, Staie 



Government, every household in India as a consumer of water, business sector, 
industries, larger community aggregates such as water uses association, villages. 

Policy, Leghlative and Regulatory Framework 

The Central Government plays an important mle in framing policy guidelines, Iegislative 
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 development, promoting combined use of both the surface and 
groundwater, water conserving crop patterns as well as irrigation 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 lssttcs 

The existing Constitutional provisions and legislation in India do not provide an 
appropriate b m w o r k  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; (ii) 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 absoktte right to groundwater rests wi& the owner of the overlying land, 
krespective of  the social and environmmtal consequences. 

Instltabiond Arranganats  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 comprehmsive water allocation, plillming 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 conflkt resolutions in matters of sharing of water resources and 
utilisation is weak and needs to be looked into and strengthened at various levels. 



I n t h c ~ t a s o f w a l a ~ n u n r g a n c n t i h e ~ l r e e i d y ~ a v ~ a u c i d ~ t ~  
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Water Sector I.vcrtmmi 

Being a vital mmrcc for thc lives ad livdihoodr of all Mian c i w  rd having 
contnicd signifmtly to India's eammtic growth since i- w a c ~  sector 
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porticullrfy in the agriculhlnl&. 

- 

R d m  h the Water Seetar 

As tbe ~ t k m  pmgnmm is impbatted a looe-tan, vision needs to be d v t d  
thtwgh a public debate and mipalory peas. 



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

2. Initiating and Sustaining Water Sector Reform: A Synthesis; World Bank in 
Collaboration with the Govt. of  India, Ministry of Water Resources. Allied 
Publishers, 1999. 



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

fn hdia communily kvd walabnfdngcfikb inrcgian wbrnMeb-I 
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fd to rnig.de. Introduction of piped wstm supply rdrcd bops rbad qtulity mm 
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Local comnlun~ties took initiatives to find better solulion to the chronic drinking water 
shortages. Local communit'es in villages Rajpur, Mingatpur, 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 drinking 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 h m  below and of the 
harvested rainwater in the pond. 

Villagers contributed both in terns of labour and other ra~ources. 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 L e d  CaaShtdy : In Alwar district af Rajastham 

Communities from 650 villages took the initiatives to rejuvenate about 3000 traditional 
water harvesting structures (TWHS) called 'Johads'. Johads are small earlhen check 
dams that capture and conserve rainwater, improving pcmmlation and groundwater 
recharge. The results have been spectacular - rising groundwater level by six metm and 
increasing forest cover by 33 p e n t .  The most spectacular effect has been on the five 
rivers that used to go dry immediately following the monsoon - have now beyme 
perennial. 

* "For every Rs. 100 invested in Johads, the agricultural produaon has risen by Rs. 400 per 
cspita per annum, i k  of ffR d 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 wre 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 horv ewnnttrnity level effort can W k  @lem like water 
scarcity / drought and e c o b g h t  degrsd;ttlon, to bring back water in their rivers, forests 
cover that had completely disappeared. 

These community level activities was inspired by an AIwar based organisation called 
Tarun Bharat Sangh (TBS). 
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Bunddthnd region #ng smn diseicOI d ldi$ur. l b s i ,  J.lrm. H.mirpr. 
M . h o b q B r d . . S h a h i ' i p r i n U l t a r R + d c d t a d d r ~ o F n a ' ~ ~  
ChnPpur. Panna, Saw ad Dunoh in M.dhy. Rdah. Povaty. i f l i t s y .  
unproduetivergriarhurrd.naculcWrofieliahudw.rrtbtrminfPIla~the 
devefopma# pnnesses in thc rrgion m u  ddreg on a priaity liasiz Envirocaar 
dcgdatiw is increasing with soil aosiOn ind widapad d&nst&m 

Thisatgkm rtaiveS an avenge rainfall of oiy 750 iara am&- T d & k d y ,  
gnnmdwltcr reoanccs in Bundclkhrnd .rr mclga dtle to UIC pcrenee of brdroclcr tiln 
gnesisadpnitc. AvailabilityofwataiatbcWmddtb3adregiaOvriesfromoamto 
sepson. In this region agriatlttne is highly dcpcldent olt -1 a d  only 20% oftbe 
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[Check Dams. Therc 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 I eliminate stagnant water in close 
proximity of wells and hand pumps 
to increase drinking water availability in these villages 

With these objective two check dams were wnstmcted across fhc 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 reanirce - water. The check dams on the Gurari river have resulted in 
recharging the groundwater supply within a radius of 2-3 km m d  the structures with 
the result that fanners can now take up at least two crops a year from only one crop 
earlier. The water reservoir also made available adequate water for lift irrigation to cater 
for 300-400 ha of crop land. 
*c*, / I  

6.4 Community Level Case Stud in Decan Plateau : Aaantapur District, Rayala 
Seema Region, Aadhra Ptodesh rY, 

Out of the eight districts declared as dmught - pmne in Andhra Pradesh, the four districts 
of Kumool, Ananthapur, Cuddapah an Chittor with a population 110 lakh, wmprise the 
Rayatseema region. Located in the rain shadowzone, Rayalseema has been facing 
droughts almost every alternate yaac for nearly a century. About 50 per cent of the 
average rainfall 550 mm are received 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 agriculture despite inadequacy of rainfall coupled with infatile land and pwr moisture 
Mention capacity of the soil. The only rivers are Pennar, originating in the Nandi Hills 
of Kamataka, and Chitravafhi. The'rainfdl in the district is meagre, untimely and erratic 
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 irrigation 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 attivities have greatly improved the water availability in the 
region and improved their economic level. 

" I n  Harmony with Namm : Kaia Romabishno Reddy, Sribirhnadem Ray Uniwrsity. Ananlhapvr in "Mnking W m  

Evn)rbaty'r Bwincrr: Eds : Anit Agamt.  Sunita Narain and lndim Khurana. March 2001. 



6.5 C-mmity Lcvd Case Stmdy im tbe Easten Cbat Rqk. : S m  Em dOrh. 
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the villages are now very happy that hand-pumps installed in their villages after March 
2001 are in working condilion. In most of the villages water table has gone up.I6 

Combining the principles of Joint F m t  Management (JFM) and wPtershed treatment 
was a new approach that was adopted in Jhabua and helped in the formation of 20 village 
forest committes, the executive body used JFM that protects forests with the help of the 
forest department. Of Jhabua's total foresl area, 60 percent (100,950 ha) is now under 
IFM and the 344 village committees cover 420 villages. 

Management ofwatershed 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 partiparticularly of the community otgsnisation, for their training 
and capacity building to build institutions and social mobilisation at the village level. 1 
A saving scheme programme encourages villagers to save a part of their wages as a 
Watershed Development Fund (WDF), for future use for the managenseht of the 
watershed. This is a mandatory fund developed through contribution fiom all the usas 
p u p s  who are land ownrng people. Self-help groups (groups of landless people) do not 
nonnally contniute to this f w d  The fund is entinly controlled by the community, and 
neither the panchayat not the offieids of the nual development have any cimtrol 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 ofher with soft loans. The watershed management propmme., thus not only 
helped in improving the local ecotogy, but also in an improvement of the c o l l ~ ~ v e  and 
individual financial security of the local communities and improved their coping capacity 
with drought and other natural calamities. 

l i - 

6.7 Commnnity Levti Case study in Western ciastat ~ t a i u s  : sarrastra 1 
Gujarat faces severe water shortage every year. The potehal for surfke 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 satinisation of coastline due to the incursion of sea water. 
Drop in groundwater in North Guj- is  also increasing fluotide c o n c ~ i o n s ,  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. 

" Y P .  FOCYI on Worer Cmscmaon . LnItl Shdri. The Hmdr June 19. 2001 
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6.8 conclusion 

a) 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, lack of capacity and adequate funds. This vulnerability is further 
exacerbated due to largescale poverty in these countries. 

b) The case studies bring out the efficacy of community ]eve1 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 1 
regions. 

c) The traditional community level practices to cope with situation like droughts in 
j 

water scarcity I 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. , !  

d) Such community level efforts must be encouraged by governments to s m l  
activities like Grameen Bank / Co-operative Banks on a co-opemtive 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 h m  small contributions 
h m  wmmunities increases the community resilience to face such climatic 

' vagaries and extreme weather events. 

e) Technological responses to adapt'td climate change is most suitable for rich 
countries. Such adaptations in developing countri* however may face 
technology, transfer barrier, financial barrier, and eapacity 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 f regions 
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7. Summary, Conclusion and Policy Recommendations 

Kit& Fsiikb 
Indira Gandhi Institute of Development Research (IGIDR) Mumbai 

The consensus of scientific wmmunity 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 park? 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. 1 
Disruptions, draughts and floods induced by climate change can cause great hardship and 
impose large wsts. Similarly, the large coastline of India, millions who live near the sea 
and depend on wastal 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 earthquakes or cyclones, 
floods are the most important cause of mortality. Any increase in the frequency of floods 
thus increases vulnerability. 

t l : I 

The m m m i c  wsts of damage due to flood is rising steeply, mainly due to greater 
expasure-*& .?In futureuse of the much k i g h  population with India's lsnd scarcity, the 
damages wuld 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 smface air temperature will increase in 2050 by 2.PC. 
Lncregse in winter would be higher at 3.2S°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 1.9OC but rainfall would fall by 2.4 per cent. Thus 
significant warming is expected over the Indian subcontinent. 
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Other impacts on the coastal system are not assessed. 

India's freshwater resources are limited and scme even today. With population growth 
the scarcity will increase. It is projected that under current trends only 6 per cent of wata 
would be left for environmental and other uses by as early as 2025. The impact on 
climate change could aggravate the problem. Salinity ingress WHY sea level rise could 
affect ground water supply. Increased freque-ncy and intensity of flooding would mean 
more run off and less water for use - apart h m  the damage due to flood. The possible 
increase in W a l l  may not compensate for this. It will depend upon its geographical and 
spatial distribution. 

In India ~ ~ n m u n i t y  level water harvesting efforts in regions vukmble to dioughts / 
severe droughts due to lack of sdeqmte rainfall and Wmtructure for storage of rainwater 
during the rainy season has made the water harvesting process a vay powerfbl 
technology for an dfective adaptation at the community level to cope with such nahwl 

f disaster which may be e e d  due to human induced climate change. Though 
adequacy of rainfall is a very important factor to consider m discussing impacts of 
droughts, it is impoitanf to remember that it does not matter how much rain a place gets, 
if there ism, infrastrnetnrc to capfure rain water, the place will still to short of water. It is 
unbelievable that Cherrapmji which gets 11,000 mm annual &aUs stilh have serious 
drhking WateI shortages. 

A number of case studies of community-based approaches show the vast scope and 
&a:tivemss of concerning watez and making it go M e r .  

what kind ofpolicy cQlslusi01~8 can onc draw frorn  these^? 

a Evm whm India is not respmiile i5r the tbrart ofolirmde change it 
is quite vulnerable. India has the right to seek adequate compensation. 
It-would be m India's interest to work to reduce the threat of climate 
change. 

(c) To amre food d l y  India should pmmote reseam% to develop 
more climate tolerant crop varieties. 

(d) Waia CcAlservStion and use techniques sboald be fdicrwed \ 

(e) Development in flood plains and coastal regb6 m y  be ~ U c d .  
( f )  Gnnmd water recharge h u g h  community participation should be 

meouraged and be a national programme as it has elso many short-run 
bmefits. 

(g) India should stcp up its economic growth to reduce its dependeocc on 
agriculture and acquire the ability to import as much f d  as needed. 





~ & i o m ~ b s t f e n d m d ~ a  ~scmbersse6~abk1 ,~rhnofa ihnyrhr  
d d  6mu 36.4% of tbe tDcll Kibmehcr m  1980-81 to 16.4% m 1993-94. 
D u r h g ~ S a m c p c r i o d , m C r h n o f d w 8 y s T o r ~ ~ I T ~ K i o n K m s ) d a l h r d  
~61.8%t042.3.)6 N o & ~ m C ~ d o a o t a n n t o o r i t y . t b e ~ b & g t b c s b r c o f  
d a n e s t i c r i r ~  



The total kilometres (PKM) and T o ~ e  Kilomehes (TKM) by Indian railways 
were 296.2 and 257.1 billions respectively in 1993-94 (Table 2). TIE 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. ) 

Subuhan rail traffic has grown at a slightly higher rate than the non-subuh segmeni 
during seventies and eighties. Suburban rail travel in Mumbai constWes more than 68?h ofthis 
traffic, while other mejmpolitan cities, namely, Calcutta, Chennai (form& Madras) and Delhi 
constitute about 25%. 6% and 0.6% ~spectively. 

With the exception of the coal &action, which is on the way out, railways have 
consumed the least direct fuel energy per PKM or TKM (Figures I and 2). They have also 
emitted the lead carbon di-oxide per PKM or TKM (Figure 3 and 4). 





While the population in major metropolitan cities in lndia doubled in about twenty years 
in the past, the travel demand increased by four to eight times. An increase of 66-200°% increase 
in travel demand in five major metropolitan cities in lndia is projected for the period 1985-2001 
AD (NCU, 1988). While population gmwth is an important determinant of this travel demand, 
at least two more factors are responsible for high growth. First, the urban physiw-sociw 
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 distnition 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 vohminoua increase of personalized vehicles sirrce 1980, the share of mass 
transport would have still reduced. 

A more disaggregated analysis has shown that the composition of personaliked vehicles 
in Ind i i  cities is very high. in !he four major metro cities, they form nearly 83% (two-wheekrs 
5 P h  and cars 3 1%) of the total number of vehicles. The share of public transport buses are only 
2%. The share of Passenger Car Units (PCU)' of the pemnalized vehicles is quite out of 1 
proportion to the share of traffic fulfilment. Their average number of trips served in some of the 
pimipel cities is 21%, while in temns of PCUs these vehicles have accounted for 87%. This is 
to be contrasted with the public transport vehicles (Buses). While they fulfill 7% of the trips, 
their share of PCUs is only 13% (Patankar, 1991). 

Such a disproportionate growth of the persooatned which has tnany implications: 
imcascdenergyamsumption,severeroadoon~on,ductioninspeed,increaseinacciden~ 
and emission of local and gtobal 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&re available to identify the bansportation changes with a, 

urbanization, dn bends can be observed with the cross s e c t i d  data on mobility and 
mgestiob indicators for selected cities (Table 4). With the exception a genaril'r&don in the 
per capita road length is observed as the size of the city increases. There is also an increase in 
!he PCUs and an imxease in number of PCUs per km of road length as the city grows. These \ 

indicate tbe improvements in road structure have not been in tune with the growth of vehicles. 

The growth of registered motor vebicles in various cities of I d a  itrc sbovm in Table 5. 
Mcbopolitan cities acuxmt for about one-third of total vehicles in India Note that the growth 
rate of vehicles in mehopolitan cities has been slightIy lesser than that of All India vehicles 

' Bus = 3 PCU; Two Wheeler= 0.5 PCU; Thnx Wheeler = 0.75 PCU 



I 42.89 I L3) I 56 I 7.4 1 919 

29.22 0.41 1 s  10.6 tZy 

~.d.rd I 2- I ~ 3 5  I ~n I 73 i& nu7 

&'  1 .  16.86 031 195 1 79 1 1- 



A more detailed data on vehicular growth in the four mega cities of M i a  is shown in 
Table 6. The grovdh of three wheelers as important intennsdiate public $ansport modes for 
passengers is highlighted in this table. Both Mumbai and C%ennai 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. 





I 

Dp.iqg tbc ytar 1993-94. Iuqwt t  sector ccHlslrmtd 1.93 million toanas of coal, 
5538 millioa kwh of ckctricitv. 38.40.000 ODnns of 01solioe. 17.40.000 tomes of aviation - . . - .- .. . - 
turbiac &I ( ~ 1~3. ~0.59.000-amCS i f  H* speat ~ C S ~ I  &D), 82,000 tomrs of Light 
Diesel Oil 0). 4,05.000 tormcs of Fael Oif and 12,000 torma, of Low Sulpttm and Heavy 
Stock. Table 8 providep the details for the last f m  yeam. huiag the periob 1989-94, &I 
conarmption has reduced by nearly three times. Consumption of all other fuels have hmased, 
with ekchicity registaing the bigbest incnsse at therate of 8?h per annum. 





Air pollution due to road tramport is of high si@catm m teams of the quantity of 
pdlutaatPbnitbcd.In~itiscstimatedthatn~~emiaionsatonaccormtforabout600h 
of the total pollution h an sources (Fatank, 1991). An intanatid shcdy has indicated 
that the Qnission of selected local air pollutants (such as the carbw monoxide, nitrogen dioxide, 
etc.) in the megacities of Iadk is above (hc WHO guidelines (G~bler, 1993). 

T h c a n i s s i a n s ~ f i o o a l p d ~ d u s t o m a d ~ h a v e b s m ~ t t o i n g t h e  
anisgionfsctcss~tcdbytheIndianJnstiiuteofPetrokum 1 9 8 5 ) h f r r ~ e h i c k s .  
Thc~omhave~oompltedosiagtheproccmnesontlioedmthesamenport Inl993- 
~ ~ ~ ~ ~ ~ t h e ~ s c ~ ~ h a s ~ ~ t t d f o r a b o u t  17,58.756tomres0f~arbon 
Monoxide (CO), 6.48.025 tonaes of hydrocarbws (Tic), 1039374 tom of nihugen oxides 
(NOx), and 32,974 tomres of paticnlPtt matter. A detailed W - d o w n  m ~ g m s  of d i m  
vehicks is shown m Table 9. These tresds indicate that d o m  aze kmsing .t a vay high 
rate Whik -line vehicles .ccount for a large part of CO snd HC emispiens, diewl vehicles 1 
account for a majority of NOx, and all the particulate emissions. 

- 

\ 
C o o a n t n t i o n s o f s e k e h i b c r t ~ t r l ~ f a t h c h ~ o f  

Mia aze shown in Table 10. Note that Calcutta raoorded a vay high of N% 
chning 1985. Cbamai reEadcd the least variability m cwaatratiolls. 





Emissions due to the transpat operations of four megacities of Mia are shown in Tabk 
12. Thtscvafucsh.ve~~tedbessduponthcsbareofcachofthcciticEmthcrcgistcred 
mrmba of v e h i .  For emmplc, gasolem consumption of Mumbai in a year is athated h m  
the All India data for gssdene wnsumptim assuming the same. proportion as the numba of 
gasoline dic leg  Ekchicity commption in Mumbai's m u  operation is csthnated as 
@lOWg F I O ~  the annual report of Indian Railways, the avmge share of ekctticity 
ampm3lptiaa for subdm opaation~ (which include thc o p d o m  in a l l  thc four megscities) 
m t o b l e l ~ ~ o n o f a ~ e l c C t r i c ~ o n h a s b r m a t h a t d  Oncethisfiis~ais 
a v a i l r b k , ~ b o f M u m b a i i s ~ t e d s s ~ o n a l t o t h c ~ o f P K M o f M m n w s  
subdm opedons m tbe total sabmban PKM. El&city wnmmph due to the rail freight 
operations originating each of these cities could not be estimated owing to lack of data, 
and the C(h e m k h s  of Table 12 do not include these rail freight opexatiotlg Similarly, thc 
estinah of this table do not oonsider air and shipping opaatim. 

ort in four megadt&J in hdla (1993- 
. 94) 

Thus,itc~1besrmthat~operations~Mumbaiare~%kforabwt1.7 
mrC of CCh in 1993-94, which forms about 6.1% of the all hdia hanspor( ankhm in that 
p. ~fourmcgacitieSrccotmtedforabout23%ofthetotaldinct~anissiarPdue~ 
tmgpatopentiaog NoOcthatthisbbasbcmkmasingoverthcyerna Fu=xan~plc,in 
1990-91, urban tmqorl in Mumbai was mqmsilblc for about 1.38 mC, which was about 
5.5% of the total C(h auissi-i m that p. . -,- - 

+ 

The~off i tun;PKMca,curicdout~gtbeecommetr icmoddnAdchi lcd  
ady& with data hr nwctlad that simple multipk mgmsaba do not provide ddk to r y  
models. Finally, an rpprorch wing wintegrating mmom&c models (Cbsnmza md 
Dcdmmb 1992; Eagk and Granger, 1987) bas been found to be satisfactory. The llrtlnnat 
models w given below. A morc detailed discussion of the Mfidity of cohtegmting 
rcgrtssioaS is available in b u m a t b  (1998a). 





Table 13: Growth rates obtained for the 'scenarios 
(in % p.a. during 1990-2021) I 

Efficiency increase 

ca  omissioa~ 
Business w usual 

1 

In this d, existing historical pattents have  bee^ fmund to conhue in f u b .  A 
bgistic substiiution modd has been used to cspaoe the trends in the modd split Basal on meir 

by ZO/a per a r m  ;vex the the prevaiting values m 1988-89 has been assrmed' e- upon 
these assumptions, the energy requirements and CCh emissions till 2020-21 have been 
projected 'Fhe magy qirements m 2020-21 is projected to be about 7884 Peta Joules (PJ) 

Tf 
L ( F i m  2). which is about 6.54 limes the consumption in 19h-91. CCh emissions have also 

raorded a similar rise (Figure 3). Such a sharp increase is obvious considering the fact that the 
energy and carbon intarse modes oFtransport (gasoline veh~cles and trucks) have bear assumad 
to satisfy tbc additional bansport demand during 1990-2021 (see Table 16). It is necessary to 
reduce a d  a high growth using available policy optionr An analysis of such options is 
presented below. > 

The assumptiollg of the pmrious scenario have nsulted into a huge increase in mergy 
r e q u ~ t s  and c a  wisrioa~. ~ m p h a s i ~  on emciar~y c ~ n  rcducc the 
demand. About 4% per smum (2?? over and above the expected efficiency impovements 
which mnmally takes place) for mad transport2 have been assumed. Energy requirements and 
COz emissions in 2020-21 have been estimated to be about 5814 PJ and I l l  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. 
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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 COz 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%. 

However, the anaiy&s in eadia sections indicate that railways, especially suburban 
Rihvsy in ems of encrgy per passenger kilometer are highly energy efficient and less carbon 
W i v e .  Hence, them is a stmng case for increasing the share of railways in the modal split. 
Mauy planning studies on Indian mqork t i on  seetor have also opined that railways should 
.ccwnt for a major sham of PKM and TKh4 as they are more energy efficient The National 
Transpat P d i  c?,muuitt% (NTPC, 1980) has mmmmended that the railways should plan to 
cany 7?p? of the total I d  tiwight €d& by 2000 AD. T- 

1 . I  

TPBk 14: Modal Splits (YO) for Passenger Transport 

Hence, this scenario lms been amih&d to identify the e!h& of -ping more 
desirable have1 modes in tewt of energy eonsumpho~ and C G  emissions. rile &tails are also 
provided in Table 14. Specifically, this desired modal split assumed a more share for rail in 
total PKM and TKM, for buses and alternative fuels in passenger road t m q k ,  and for electric 'I 

haction in  railway^.^ 

Mode 

Road 
-Gasoline - D i d  
-CNG 
- EV 

Road T6W 

The results W e  shown a =much larger redudon (eclrly % of BAU) in arergy 
requirements and COz (3504 Pf and 76 MTC r e s p d ~ l y ) .  l h s  this d has 
shown that it is possible to have a reasonably low increase in energy requirements and COz 
emissions, and heme points totfiebest shategy fbr sustainable molsport&vetopment in India. 

Soorce: Values atntpn6ed by IGIDR 

Passenger Transport 

2020-21 
fdairrd) 

338 
50.62 
6.75 
6.75 

6750 

1990-91 

16.99 
60.56 
0.00 
0.00 

77.55 

2020-23 
(PF) 

35.53 
53.86 
1.14 
1.14 

91.67 





Corresponding C@ emission would be more than 140 mtC. 

The following recommendations emerge: 

Esciency 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 fill capacities. 

The first and fimmost requirement is to improve the speed. comforr, and reliability of 
public transportation However, many of the government owned road transport 
undertakings which pmvide public bansportation are financilly ill, and very badly 
equipped to pmvide 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 thew expenditure. This malies capacity augme-ntation and improvement of 
the quality of existing services very difficult The solution lies in making these 
underlakings autonomous so that they can price their services based on economical 
principles. 

-I . For the same population and gmss domestic product, Mumbai requires only 4(P? of 
energy and emissions compared to Delhi because of suburban railways. International 
investment q p o r h d k  should be explored in mass transit in M i a  as a means to 
reduce the problems a ~ ~ c i a t e d  with energy wmmption and C(h emissions. Hence, 
mass bansit seems to be a strong contender forjoint implementation (JI) or CDM. 

Alternative transport fiels could provide energy security and healthy urban environment. 
Vigorous promotion is Deeded in order that their benefits can be reaped in the 
f-bk future. Heme e f f i  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 wnshucted. To pmvide the required imp* it is 
necessary to create an exclusive department m the government, or a special institution. 
This institution should work m tandem with the existing industries involved"m 
alternative vehicles development to spread the know-how to the extent possible, provide 
R&D support and mobilise the necessary W i g  6om suitable sources. 

A mne prudent move to achieve a sustainable liiture would be to rerlllrp:mhme& 
h s h k e m d  itself. SceoaTiOs using Case U (&on 5.1) have shown that nearly 50% 

) 

savings in energy and nductiors 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 m o t 4  travel by non-motorised travel by 
pmviding suf?iciatt cycling tracks, and, improving the teIecommunication facilities. 
The most important long term option is to instill an awareness of sustainable 
developmei~t 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 mergy efficient equipment. 
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Carbon Mitieation for the Indian Power Setor 
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Carban Mitieation for the Indian Power Sector 

1. Overview of lbe Indian Power sector 

The energy consumption in India is rapidly rising due to growing industrialization, rising 

incomes, expanding urbanization, and modernization of agriculture. Most notable increase 

has been in the ela-hicity sector, where consumption has doubled over the last decade 

(CMIE, 2000). In past hvo decades, electricity consumption has grown at a rate higher 

than GDP and energy (Figure I )  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). 

Ekckicity 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 betow the global average, 5% of that in the U.S.A and, nearly a half of rhat in China 

(WRI, 2000). 

Figure 1. Growth of energy, electricity, emissions and the Indian economy 

I G D P  - Energy - - Ebdridy 

Source: Covcmmcnt dlndia. Ministry of Finme. Economic Survey (1990-19%). 
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Figure 2. Power Generation Capacity 
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Electricity generation has thc largest share. in the primary energy coasumption in the 

country with 40% of prima!y mcrgy and 70°! of coal use (CMIE, 1999). Despite 

enhanced competition from dther fuels, coal remains the mainstay of power generation. 

Domestic availability helps &I to retain competitive advantage over imported fuels that 

have associated risk 'om fuel security and exchange rate uncertainties in the long run. A 

sizable infrastructure of mining and manufacturing industries and tramport has evolved 

amund the coal-bad power. But ktely, certain factors have influenced thc investment in 

power generation to shift to other fuels. The slow additions to domestic coal mining 

capacity, inadequate coat transportation linkages, relaxation of fuel imports and 

investments by internatioml power companies who import own fuel nebds 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 effiiencies and reduced 

environmental impacts The tong term power purchase agreements, which are based on the 



F.csdwith~~ub.lplpnarulrply,nrny~veiod.ra*r&a 

~ r t a l . d k r b l i t l J v c k m o d i n o b . i r p o r a ~ w b i c L i r ~  

.I an -1 RtofFK(CMIE 2000). C . p L i v C p m a g a c n t a  bas gaa hm.bolll 

1.6 GW m 1970 b ahnost 14 GW in 2000 with almost hdfbebg cal U Mmy 

a p r i ~ ~ ~ ) r v c ~ e ~ s ~ t h . t C D e f d ~ p o r a * , l b e ~ ~  

Um right pdLy kattira. Somc steps have bcm Plrca in this dke&m regrdil 

whaling of power d dbwing third lmiy Pic. 

L4 T m U a r d . . d ~ s p a r  ' 
- 

T ~ n d ~ ( T & D ) h s s e s w w a n o r m t b o v a ~ h A b o r g a a l  " 
e ~ ( C M E , Z O O O ) . C a n m a c h l l o s a c s m c E o u e t ~ ~ . o ~ ~ g d . o ,  

b i ~ r o o a n t P * ~ ~ ~ f m a t b a c r ~ ~  - - -  
- o w r p a w a v P o w r q o t l i t y & b * w m d  

d h g c  B -- md grid & i s .  ladop.lc a p d y ,  

opntiolqadpc' o f l o u v o h . g t l i r r s ( l o v b ~ I k n t p k . b o n 1 6 ) d  

kbDo~obdaDcm-tkacpoblcar .n ighbnaairp lc(Be~ 

VhbilityofrrrreoMcdp~~crhapac~ i a ~ t d r o f i b m k k r  

c x p d i a g . e d M t h e & t M l t .  



better load managenlent among regiom. Despite coordination, 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 atso assuming increasing significance (IE, 199% and 

2ooOa). 

1.6 EIrehiciry consumplien trends 

The sector consumption profile has undergone sobstantial 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 total share of power use over the period 

thenfore fell from almost 60% to just under 45% (TEDDY 1995196 to 2000/01). The 
I 

phenomenal rise in energy eonsumption from agricultural activities is due to greater 

i n i ~ t i o n  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 

perfomrance by state utilities. 

Figure 3. Final ekeMeity etutftlmption by sector 

I . lndustw El Amiculhne El Hcusehdd Services .*ransport 1 

Source: TEDDY. 2000/01. 
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implications for thes: regions. lronicalty coal mining has also remained the major source 

of land degradation and deforestation in these regions. GHG mitigation choices have lo 

take into consideration all these aspects to be consistently integrated within the long- term 

sustainable national development strategy. 

Coal used in Indian power plants ha6 an average asb content of 40% @%MAP, 1998; 

Biswas, 2000). This coupled with low combustion efficiencies of around 33% generates 

large amounts of ash, particulate, sulfur dioxide (SOz), nitrogen oxides @Ox), carbon 

dioxide ( C 9 )  and heavy metals. Social and environmental impacts of hydm projects have 

been a cause of major eonmversiw and have lead to massive delays in project completion. 

Dam construction has caused ~ I e i n e n t  and rehabilitation probkms (CBZP, 1998b). 

Managing envimnments~ and social impacts has therefon drawn considerable attention in 

policy-making, project development and operations. 

Government has assumed a pndominant mle in elsctricity supply, with more than 50?? of 

the genmtion under the state electricity boards (SEBs) (CMIE, 1999, CEA, 199%). 

There are a few central utilities like National Thermal Power Corporation (NTPC) and 

National Hydm Power Corporation (NHPC). SEBs in particular are wide opea to political 

influeace and tariff disbxtions. a i r  performance is far from satisfactory, with most of 

them making huge ittsscs. Recent power %tor r e h s  are aimed at changes in the 

institutionai s t r u m .  Rising power shortages, declining emeiertcii podr %mciil  

performance and investment shortfalls spurted the reform process. The accompanying 
. . 

institutional changes can be broadly categorized do- aqm- of SEBs, private 

secm participation, unbundling and regulatoty changes. 

Corpatization is expected to increase pmf*isiomlism, reduce poIitb1 interference and 

financial accountability. T%e Rcg~fatory CommissMns Act set up the Central Electricity 

Regulatory Commission (CERC) in July 1998. The pmposcd knctions of CERC include 

proposing tariff for cenhal govemment owned utilities and other generating companies 

selling power to more than one state, regulate inter-state hsnsmission, aid and advise 

central government in tariff policy and arbitnte in disputes between generation and 

transmission entities. Regulatory changes have also been undertaken by the states with 
I0 
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module (figure 5). 11 integrates five individual models: 

i) MARKAL - an energy systems optimization model (Berger et al, 1987; Fishbone 

and Abilock, 1981; h l o u  et al., 1997) which is used for overalf energy system 

analysis, 

ii) AlMfENDUSE model (Mob et al, 1994; Morita et al, 19%; K . i a  et al, 1997) 

which is a sectoral optimization model used to model fourteen end-use sectors, 

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

services, 

iv) Stochastic MARKAL modcl for uncertainty analysis, 

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

Reference scenario analysis shows that the all India carbon emissions continue to rise from 

212 to about 740 million tons of carbon between 1995 and 2035. The anissions grow very 

rapidly in the short-term, at an annual average rate of four and a half percent in the next 

decade. TIE growth rate slows down in the medium term (3.5 p m t  h e e n  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 =me. rate, maintaining a steady share in the total 

emissions at about 45 percent 

In the reference d . w h i e  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 1 

electricity demand from more than 1 at p-t to about 0.65 in 2035. The growth in the 

demand for electricity outpaces the growth in energy demand in the economy. Whik 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 elasticity 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 Wenty years and reaches more than three and a half time (395 GW) the 
12 
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in 2020 is projected lo 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 mediumlexm, gas share lowers in base load generation with rise in nahtral gas 

prices and increasing competitiveness from coal technologies due to advancements in their 

technological stock and better operating and management practices. 

Nuclear: At presenf nuclear power plants in India operate at very low capacity utilization, 

mainly due to highly unstable grids that necessitate v e y  frequent shutdowns. The 

of nuclear power plants is very sensitive to the plant 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 advancemnrh and better > 

grid management practices leading to substantial increase in their capacity utilization 

increase nuclear penetration from the present 2 to 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 reshicting further capacity increase. 

Lorge Hydro: Large hydro capacity doubka in the next two decades, and n r h e s  about 90 

percent of its present estimated economic patential in 2035. Dsp'i the high 

competitiveness of large hydro technology, its share is restricted to about one-f3tb in the 
. a .  

total capacity due to the large risks associated with hydm projects caused by long 

gestation periods, uncertainties in site ideptification and testing, socio-environmental and 

political constraints. 

Other Rene~1b1er: Capscity of other renewable technotogies incht$ing small hydm, 

cogeneration, biomass based power generation, wind and solar increase tfteir capacity by 

more than three times in the next decade with a three and a half p e m t  share in the 

capacity mix fmm the presfmt I percent. In the long-term, their capacity share increases to 

6 percent. Among these renewable technologies, small hydm, c o ~ t i o n  and biomass 

technologies are highly competitive and penetrate rapidly, mainly as decentrelid power 

options. Penetration of wind based power generation in the initial years will depend upon a 

' The cost of inhnsmt*ure is nd indwJed in it. All cost figures In this ppr are in 2000 pirrs and assume 
an achanp rate of Indian Rs.47 per US 5 
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Table 2: Carb0FI Mitigation Scenario Assumptiens 

Carbon mitigation in lndia is complicated by the fact that India has large coal reserves, but 

limited oil and gas feserves. The substihltion away from coal will make the country 

dependent on imported energy, which has energy security implications. While India has 

experience with emaging renewable technologies, the capital and foreign exchange 

wnstraints are likely to restrict a shift away !?om coal, unless the economic and fiscal 

policies to relax these wnsiraints are instituted. 

C h  mitigation would q u i r e  technological bansfonnation of Indian energy system. This 

will need invabnats m infntshucture to support new technologies, and refoms to remove 

the barriers for peweation of advanced technologies and cleaner fuels. Societies with strong. 

reduetion wmmibnents would therefore have to start t h i n g  differently. lhese are 

captured through different sets of assumptions for each mitigation scenario, as compared 

to the r e f m e  case in the model. For example, in the Excessive mitigation d o ,  the 

average ~~~ efiiency for electric power in lndia in 2035 improves to 93% (as 
i s  against 88% in the refmnce case), the technological gapiin various sectors betwem best 

mternational practices and India reduce faster, and natural gas supply increases at higher I 

prim. 

3.1 Energy ebmn~)(pkm a d  emissions 

Some important results for the indian energy system are indicated in table 3. Inertia of 

existing technological stock in the energy system prevents signifmt fael 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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Figurc 6: Power sector carbon emissions 

Analysis of carbon mitigation sca&as provides some useful insights regarding q 

supply and demand side contritions to emissions reductions (table 4). In the early periods 

(2005-2015). the demand sectors show more flexibility than the supply side by 

c o n t n i  more to carbon emission reduction since end-use demand sector technological 

stock turnover is faster due to their relatively shorter lifetimes2. But in later periods, the 

supply side contnition increases, finally reaching a three-fourth share in the totat i 

mitigation m 2035. These, however, include emission reduction due to lower power 1 
generation requirements as demand side energy efficiencies improve. The mertil &supply 

side t e c b l o g y  turnover is due to thew much longer lifetimes, high inveslment 

requimnents and longer gestation period for infnstructure development. The dttppiy side 

mitigation options are primarily associated with fuel switching from coal to natural gas. 

Long-term options include penehation of carbon-free technologies like nuclear and 

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

' Thc d a d  side includes all end-uw dmund techndogir~ that consume ekctric~ty like datric arc 
furnace for sled making d flwrercmt lamps for lighting 7he supply technologies arc the ekdricity 
gamation tcchdogies. 
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in the coal capacity 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: Teebnology shares in generation capacity (Y.) 

axousted f& by oil-- generation e - 

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 to increasing penetration of carbon free 

technologies like renewable and nuclear to meet the mitigation targets. 





Tabk 7: Efettricity supply cost in carbon mitigatmn scenarios (RrlkWh) 

4 Conclusios and Recommendations > 

This paper outlines the long-term carbon mitigation issues in the Indian power sector and 

their policy implications. The hnporIant conclusions and recommendations are highlighted 

below. 

The Global gnenhouse gas agreements that are. likely to initiate the sening up of a global 

carbon market would have implications on India's energy system. India's participation in 

the global carbon mark3 will depmd upon the mitigation c o w  and the global carbon 

prica, i.e. p+rticipoh po&itities arise only when the ma@d benefits an greater than - 8 '  

the marginal costs. At a global carbon price of IOSK, low mitigation trajectq would be 

optimal and under 20SttC price, moderate mitigation trajectory wouhl be optimal. The 

contribution progressively redurn under higher mitigation targets as the revenue falls r 

below the costs, assuming a steady global carbon price of 20SltC. 

Power sector has a significant contribution in the overall energy sector emission 

mitigation. Fallowing 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 techmtogies in industries, residential, agriculture and commercial sectors 
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Carbon emission mitigation leads to rise in electricity 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 requiremeots can result in more than 50 percent increase in fhe elecbicity 

supply cost over the referem d o  in the long run due to penetration of costly carbon- 

free technologies. Pofitics tsrgetal at recycling the =venue m t e d  from emission 

reductions, back to the sectors conlriiuting in emission reduction a n  assist in lowering of 

mitigation costs and ensure the sustainability of the regime in the long-term. 



I I TOP Dom MODELS I I  
GDP ~iees l  

I I 
I 

B O r n M - m  MODELS I I 
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SUSTAINABLE I 'RACIXC~ m R  CONSillVZTION SEClr)R IN INDIA 
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Sources: NICMAR, 1998 an 
/ 

Table 2 shows energy requirements of building materials in the units of megajoules (MI) 
per kg. These are very high for Aluminium, Plastics, copper and steel. The table also - 

gives materials w$& low energy contents. Moreover, construction sector is a:hajor 
providers of employment. . a r  

lo. 
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3. Methodology 

The objectives of this paper are two fold (I) to estimate the future requirements of 
building materials (ii) 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 inveshnent based on the data from NlCMAR 
(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 Tia r i ,  2001) 
we project the building materials requirements for new construction. 

Step 5: Finally we estimate the possibilities of reducing emissions by substituting 
alternative techniques. 

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 (1 998). The table indicates 
that the construction inveshnent in 2000-01 is Rupees 1669.9 billion and will grow to 
Rupees 4073.3 billion at c-t prices. 

Source: India infrastructure report, 1996 
NICMAR, 1998 
*Based on our estimates. 
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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 improvement in the total residential houses, vis-a-vis the 
household W h  rate during 1981-91'. From-the data p v t e d  in Table 1 it is seen that 
the growth during 1981-91, in' the total residential houses, has been higher than the 
household growth overall and sepantely for ml and urban areas. Qualitatively also the 
dwelling units have exhibited significant improvements. The proportion ofpuccaZ houses 
has gone up significantly both in ~ r a l  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 p i s t s .  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 

I 

been slight improvements in the growth rate of housing supply, but there already exists a 
huge unmet demand. 
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Table 6: Quantitative and qualitative aspects ofhouses during 1981-91 

.,. 
Rural 89.59 112.87 25.99 21.22 5.63 5.56 

- 

Urban 29.04 42.56 46.55 37.73 5.52 5.45 

Pmportion of househo1ds with house quality type I 

PWCW 1 Katcha I semi-mcca 

' We have based our discussion on he 1991 Indian Census data. The data colkcled during the 2001 Census 
is  not yet avaibble. 
' Pucca houses: Houses wim wall and roof nndc of permanent materials. Maierial of wall can be burnt 
brick or other mtal shnts. stone, or cement concrete. Roofs can be made of tiles, slate, shingle, iron, zinc 

Total Residential 
hoU=w.) 

1981 1 1991 

or other mcul shctts, bncks, llunc and doec, JuMe d reinforced concrete. 
Kusha: Houses with wall a d  roof made of tenworary materials. Wall may be made of a r ~ r ~ ,  kavcs. 
bamboo, mud, unburnt bricks or wood. Rook Gy &made horngrass, leives, bamboo~thatch. bumt brick 
or wood. 
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Pearentage decadal growth 

Resi. Houses I Households 

Average 
household size 

1981 1 1991 



Urban 64.7 72.75 1350 956 21.8 17.69 

Houzing (Million Ulrict) Total R d  Urbra 

1991 housing- 18.5 13.7 4.8 

Sourct: Plsnthrg Commish (1992) 

TABLE 7: HOUSING NEEDS YISA-MS HOUSING SUPPLY 

Mdilionrl Hou~cs Needed (millions) Additional Hagiqg Stodr 

Thedcmrndbrboildirgmrta*lcmholtsiaganrdg~hro~~rrrmb.coiolld 
=Wholeeqd@i . . c , e x t a r s i a S ~ o f ~ h o c ~ e r l t u p o a i b L b b ~ ~  
. n i d a ~ t b e p l r n c d e a r P r n r t i o o o f n e a r ~ ~ G o v r a r m e d p d i c y  
d D a m r r a l r b u t ~ t h t ~ a d i v i t y *  . -  ce, a-is 
n o t p a g ~ i k T o p o j e d ~ m r t s * h r i n b o D a ~  
poadnrr 

. =.agp- 



Based on the technical model (Tiwari, Parikh and Parikh, 1999, see appendix I) we estimate 
the matetials 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 (2W10), we have quoted below the cost, carbon dioxide emissions and 
building materials requiranents for 2000-01. 

Table 8: Distribution of households according to rooms in 1991 
Number of Rooms 
1 
2 
3 
4 
5 or more 

The requirements for building materials are given in Table 2.5. 

Table 10: Building materials requirements in each year (BAU case) 

Percentage of households 
41.41 
30.58 
13.85 
7.14 
7.02 

Table 9: Cost of various inputs 

Quantities 

1 13.99 

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

'V  7 ~ i n e  sand (Million m3) 1 8.13 

Carbon dioxide emissions (Million tomes) l 

38900 2000-01 

Value (Billion Rupees) 

275 

4.2.2.2 BUILDINGMA4glPL4L R e p ~ M ~  FOR MAINTENANCE, REPAIR, 
EXTENSIONETC OF EXISTING HOUSES 

Stone aggregate @flion m3 

Steel (thousad t o m )  

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

30.4 

529.2 



Tabk I I: Matm-PI inlady for building conrtcuetia, in the hausing 
Marial  intensity o f  lhe housing ada 
(Mated  per Billion Rupees in i-) 

0.05 1 

-- - . 

Staf (rharmd tom) 11.91 1 

BricCF@iUioa) 
Corre s d  (Million m3 
Fine smd (Million m3 

Stone smega€e (Mitlii m3 

-. 
kadthstindartryisavirrgadtoapqaH-,rsrh-k,m-~ 
~ ~ ~ ~ f m m h u e t i o a o f i n d a m i d ~ i s s i m i f a r t o h o e s i s g ~ ~ ~  
moat be considcrad as the lower bouad fa thc mataids ~~. 

0.13 

0.13 

0.03 

0.12 



Using the material intensity ofTable 1 I ,  we project thc matcrials requirement in the 
industrial sector. Table 13 presents the materials requirenlents in the industrial sector 

4 3  HIGHWAYS 

As a share of total comtruction invcshnent, 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 
conshuction material used. The cement-concrete mads 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 mads. The yearly maintenance cost of 
concrete road is Rupees 2000 per Km. As against Rupees 50,000 per Km for bitumen 
mad. Howeverj in India, almost all of the road construction activity uses bi- based. 
Table 14 presents the cost comparison of concrete and bitumen mads for one Km. 

+ t Stretch. , ,  

Table 14: Cost Comom.son -Concrete roed versus Bitumen Road 

Source: Our estimates 
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h a b r s c c a c . m ~ l l d c r i ~ t h t b i l u m e ~ m P d ~ i h c b r r c ~ ~ o t i L k h  
trpc of road typically conslnr(cd in Mi Rod constnrrion involves mmty Prai.led 
rdivitics like bridgc4 culvutq undapra mad ova pa^ dc. To +col.~ &r .Il tbac 
would nquin vay delaikd i n k m a t h  which is vay diflblt to obtain ia listme 
paiods. We cslimptc the building malaids rcquinmcnls with the asunptioa th.1 
highways do not have bridges clc. This would bins our esrimote downrrds. 'Ilr lartcritl 
~ 1 ~ y 8 t ~ b e ~ b c c o n r i d a t d b O U n d .  bound.~~rtheiotd' in 
thehigmnySearsbuctions&tarcthebOUnd9d~inuhthe~a*lrrrpbaacarh 
the amshdim of  mad for ihc investment availabk. The mataids r ~ i ~  for 
difkmt y is paentcd in Table IS. 

Tabk I S : ~ r a n d o f ~ m r t a i d s h b i h w c n r o r l r r r m b P d i o r  
Y- Comsetmd Bihrmea Diesel Soling (3rbm 

(Million (Million (Mill i i  donc (k(l?lioa dioxide 
cubicmda) tons) iitn) (Millim w) ankhl 

cubic 

5. ALTERNATIVE TECHNOLOGJES TO MITIGATE AND 
MATERlALReQUIREMENlS 

I l r w e ~ ~ ~ ~ ~ r t i v i t y i n v d v e r t v o t y p r o f ~  
~ O c o m t M d i o o o f n e w b a a a r a d ( i i i r r p r i r r , ~ d e a c n s i a a o f  
a i r t i a g b o l p a . I t h ~ i l e t o u s e r l t a n m v e a v r g y ~ ~ t c d m o ~ f o r b &  

-tics but the tccbnologial possiilitia m ntba l i d c d  fix aistiog buses 
Fa~It.~mexistiagbolpe,itwwMootbeposobktorepLaa~bricL 
4witadModrspnll.JJI~s~wehrvtthatfaerrzbidedollndvcsmlvrn 

W C r r m m a l I h i t t b e h o a p z ~ c ~ . ~ ~  JJI thc B u s k s - A s - U d  scamlo, 
with bricks and cement, the commonly used building materials in India Using our 
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technical model (Tiwari, Pankh and Parikh, 1999), we introduce various atlemative 
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 prac-. We define common practices as the case where the construction 
materials like bricks, stone, cement and concrete is used for construction. The technical 
alternatives in this type ofconstruction presents a choice between brick masonty or stone 
masonry. 

Low cost teehniques(Deat d&,1991; Balkrishnan; Easbwmn; Niazi; Radbika 
et.a1,1993; Sbarma, Sreedevi; Sriraman,l993a; Sriramaa,l993b; Valmeekinatban) 

A number of construction technologies using cost effetive, low emrw building materials 
are available. We have compiled these building materials and technologies and they have 
been incaporated into our technical model. The techniques considered are briefly and 
broadly discussed below. ) 

Hollow Concrete B k k s  (lain, 1992) 
These are generally made of I:5:10 cement, sand, stone aggregate on a gospel machine 
which has a vibrator and a ram. The blocks are of size 4920x10 cm3 and are around four 
times the size of ordinary bricks. They are used in wall construction. 

H&w Concrete Blocks dtb  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 eonshuction. 

&rbrmr t echaiqucs(N~ and Rcvi, Singh) 
These techniques of w q m s e d  mud blocks have been developed by Development 
Alternatives for their use in well coastwction. The size of the blocks is 20x1 0x10 cm . The 
averagk m g t h  of these blocks is amund 14-16 ~ ~ c m ~ . . T h o u ~  this is less than the 
comptessive seength of fired clay bricks of 35 Kg/cm , but 1s suffic~eht ti, take loads upto 
three floom provided the minimum thickness of wall is one block thick. The total number of . a  

. I operators required for 1500 blocks is around five. Sometimes, these blocks have to be - 
stabilised using stabilisers such as canent, lime, flyash etc. if the qualiity of soil is not good 
or the construction is in the wne which has high rainfall. The altanztive components of 
these mud blocks are following. These have been named as Baham with suffices one to ten. 
Balram 1: Good local soil 
Balram 2: Local soil + maximum 50.h outside soil 
Balram 3: Local soil + 5% cement stabilised 
Balram 4: Local soil + 5% cement shilised + 50% outside soil 
Balram 5: Local soil + 8% lime stabilised 
Balram 6: Local sod+ 8% lime stabilised + 50% outside soil 
B a l m  7: Local soil + 4% asphalt, bitumen or cutback stabilid 
Balram 8: Local soil + 4% lime + 8% flyash stabtlised 
Balram 9: Mud block is d~pped in a mix of one part sodium silicate and three parts water. 
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~ ~ S c o a d R c n i  
~ ~ t y p e S o f b w a u t , b w m a g y ~ ~ ~ b e m c d ~  
~ ~ ~ t b t ~ l y m d ~ ~ f e r l b w r l l s .  
Using the above -rh awl tcdmlogkal poeailifk, m bnn 
~ c t r o x i d t ~ ~ f i w e m a n o a ~ m d t v o c r b c D d i m i d c  
rtaudionsaaEivs~low~teEbadogia 

C?-BAU: Tbae is m EIlboa dioxide reduction amtnia md this rcp l iah tbt crrclll 
fopshudioo tcdm- scenaio. 

- - 
CP-I& This saorio imposes a comtrPint &at tbt anMmSk V W I ~  tnvc to cbame 
~ ~ ~ t h a l r t d u a ~ d i o x i d e c m i r s i o m b y 1 0 X ~ t b s b r r a p e l e w d  
CP-20:lbiskoimiktoabovetPropol.riosex&pltb.ttbekvdofcrboadioxidt 
anisions reduction is by 2W? h m  the base case level. 



Cost efleetiiw, energy eficient tech~ologin (EE) 

For the low cost technologies we construct three scenarios: 

EE-BASE: There is no carbon dioxide reduction constraini in this scenario. 

E M  There is a wnstnint to reduce Carbon dioxide emissions by 5% fium the EE-Base 
lelel. 

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 
a1 1995). 

5.2 Cost 

Table 16 prewpts the changes in various cost parameters for CP and EE%chniqug for the 
wnstmction of 2 million houses in 2000-01. With a shift among these techniques then is 
substantial change in the cost and carbon dioxide emission level. With carbon dioxide 
constraint being imposed, the cost of construction rises by 1.2% for a corresponding 5% 
reduction in C& dioxide emissions !?om the CP-BAU levels. The cost increases non- 
linearly with further reduction in Carbon dioxide emissions. A &tion of 10% in Carbon 
dioxide emissions inaeases the cost by 2.6% and the reduction by 20% in carbon dioxide 
emissions increases the cost by 10.7%. 

The second group of k&iques evaluated are, low cost technique6 These technique 
besides being cost e&ctive are 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 common practices. 

Tabk 16: Cost of vnian 

Grt (Bdlm R-) ~n 
MOaOl 

Crbonhoxdcanonm 
(Mdl~on t m )  

hpls 
EES 

166 

12918 

EE 
BASE 

IM) 

13598 

E E I O  

174 

12238 

CP-20 

307 

31120 

CP-I0 

285 

35010 

CP- 
BAU 

275 

38900 

CP-5 

282 

36955 



Thc rrq*rcmcnt lk building malaids uda rriour omurioQ k pcpa*cd m T.Mc 17. 
The hMe indimks thsl by ihc imposition of erbon dbxidc conrtninf the ianmq&m of 
c a m n t . b r i e l s r d s t & l d u c e ~ w h i d , ~ M w n i n a n i s d a * r T . M e I 7 i n b & c s  
the quantityofbuilding rmtaials that would be r tqu id  each ya. 

CP-BAU 8 - 5  --I0 B-20 EGB~ ~6; r  EE-10 

~ c a s r f ~ )  1 13.99 I 14.n I 15.33 111.0s lam 9 161 

T o a n a l ~ t h e ~ t i a f o r r a h v i n g c r b a r d i o x i d e ~ m t b e ~ ~ ,  
~hwcresbiehdcnaselwJtoonlyannwrrpldiatcdslobgics.Iberphais0f~~ 
ofaagycmcienfcastcff~tccbmlogies(wttiehwcn~ibrtbebarr 
amm&m activity) in the indumi.l sedor bas not been aRanpkd in this ppa. T& 
reawn h n o t  attanpting the possibility of use of low energy intarsi y cast e&dive 
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tcchnologics is that we an: tmt sure about the load coming on the structure and how these 
materials would react to the industrial load. Most ofthe research on the applicabilityof 
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. 



Table 18: Building 
m u ~ r y n b  i n k y 1  #o& - , ma , - - I 2m.M I t 

CE: Cement &fillion tomes) 
BR: Bricks (Billion numbers) 
CS: Come rrnd (Million cubic meter) 
FS: Fine sand (Million cubic meter) 
STA: Stone aggregate (Million cubic meter) 
Ut: Unslaked lime (Million tonncs) 
St: Steel (Thowsnd tomes) 
STQ: Stone at quany (Million cubic meter) 
TH: Through atone (Million number) 
SUR: S d  (Milion cubic ~ e r  

I> 1 u, .- - . . 
CO2: Cuan dioxide &iom (Billion tom) 



5.3 HIGHWAYS 

The only avrilablc rltemuive for the highway connnrtion qph th6 MIumsn rod b tf# onmete rod. A con comparison or bitumen 
r& ud canal concrete rod in Table 2.8 indicam Uu anent  coMstc rodr am #lightly cxpsruive than the bitumen roads. 

M O U S  PAGE BLANK 
L C ( ( (  

Table 19: Maurial rslluinment for canent concrete rod coachucton 
Yur 

2000- 

Cement 
(Mt) 

8.64 

C o w  
md 
(Mill. 
cum) 
15.03 

Fi 
rmd 
(Mill. 
Cum) 
2.02 

Stom 
Q@@ 
(Mill. 
cum) 
38.7 

Umlaked 
Lime 
(Mill. 
tomes) 
1.28 

Cubon 
dioxide 
(Mill. 
Tanw)  . 
19400 

Surkhi 
(Mill. 
curn) 

4.09 

Mae1 
(Mill. 
ti*) 

2.33 



6. IMPLEMENTATION AND BARRIERS 

7. RECOMMENDATIONS 
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Ths howc m i d a e d  for analpis, ir m d  in unitr of a mom of hypothetiorl dm (3.5~3.5~3.14 m'). A howc may be nuumed to bc 
a d i i o n  of such room, which cm exist anywhere in &a building up to Ulres Ibon. Up to thne floors, the minimum wall thicknesc 
i# one brick and beyond this, lhe minimum wdl thictrnolrincrswr 1992). H O W S V ~ ,  in normal conam~ction practices, the wallr 
beyond the rhird floor am d y  load beuing. Generally, r 6mnsworlt of oolunuu ud bumr ir co~tructed which is load bearing and thc 
spw in bawm is filled wiUl non-load-buring brick walls. Ths mqy &nates for buildingo above three floors will be rlighi 
undcresiiate nince nirrionr due to columns ate not acc~unted fw. 

A model has been developed in this paper, which is an sxtenaion of earlier worla by Tiwari et d. (1999). A building can be constructcc! 
using a number of tschnologiss. A builder will optimize  hi^ choii of technolopy brwd on tbe cost, carbon dioxide emissions and ttrc 
available tachnolow. Tha choice of t&nology mph a cmbhatba of Mtairla mb labour, which m oonstraincd by theit 
availability. The conmuction of 8 building conakta of fallowing tan # t a p :  stage 1 - forabtion bed under load W n g  wall; atage 2 . 
foundation bed unda pertition w.ll; miga 3 . loundrtion for load bearing wJT; asp 4 - l o d o n  for partition wall; stage 5 - wal 
conrrmdion; stage 6 - pafition wall coartnrction; stage 7 - loof atqp 8 - f k a h ~ ;  atage 9 - catanal plastering; stage 10 . 
intmal plastaing. 

The model identifies technologies at different stager of mstruction (viz., fowktion, wdl, etc., v defined below) to meet output levels I w 
for various ect~vitia q u i d  at soch stage to oomhuct the room. Bgidca mum availability, them m stnraural dwign constraints 
(discus4 later in more details) which also rertrict the combination of tcchr~~logier at different stages. The p m  of building 
conmuction has three types of activitia, M &own in figure kl: Mivitia related to primary mmwcca required to produce the 
immediate and final inputa to be used for construction of the atcuchm and Pctivitiu related to variotll (achnological alternatives or 
conmuction of each stage of the building. Prinuvy m u r c u  include h l  (electricity, cool), limwlone, gyprum, etc. which an required in 
the production of went,  brick, lie, &el, ete. which an be 4th~ directly wed in construction (final inputs) or can be used in 
manufactwing of find inputs such PI umcratc blocks, which m wd in building coruhuction. The detailed list of inputs is given in 
Appendix U. lnput prices am calibrated at 2000-01 prica. If the murosrr are uacd to manufacture inputr, which am used in construction 
and ue not wd directly in buildii construction, they ate refenad u intaxmediate inputr. 

In this model, different technical specifications that provide the m e  outputa (a howe with a combination of bnctional room of thc 
size defined earlier) am considered. The levels of rewurced) and production activities are detamined so that the overall cost o 
construction of the specified house is the mininium. The notations for different #eta appwing in chis model are: 'p' is the set o 



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 p u p s  of techniques' are considered for analysis; common practices and low cost techniques. The list of techniques, which are 
evaluated in this paper, is p m t e d  in Appendix III. 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 technolog~es 
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. 

PRIWRY INPUTS 
27- ~ ' '  gl -- 

.A" P 

0UlLOlNO CONSTRUCTION 

3 Three groups of technologies are defined in thismodel. Common practices are those technologies, which are commonly used in India. These technologies 
primarily w materials like cement, bricks, concrete, itcel etc. Low cost technologies are those, which include building materials such as stabilized mud blocks. 
jack arch rwfmg, tile roofmg and technologies like rat trap brick bond for walk. 'There many low cost technologies available in building construction. 
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Figure A.1: Dim1 md indirect input1 in buildingconrtruction 

Model equation6 ue given below: 

Objective Fuuctlou 
The objective hmction to mlnimire 

whsse c, h tho co11 weficient for the it - ~ ) : c t a ~ x , + ~ C w ~ d ~ x ~ ,  intamediatc input corresponding to th 
1 I q J  ith d v i t y  and w, ia the w u e  rate for th 14 

pth clnu of lrkvur. The requirement fc 
tho ith intermediate input to produce un 

Intmnediata + Dlmr output of the jth activity is given b 
element 4. For each stage we have 

Inputs Labow , matrix of intmediate input coenicicn\ 
q, which ue fixed for a set c 

technologies and each column of this matrix refen to one technology. xj is the level of tho production tcehniques, d, is the qth type c 
labour anployed directly for unit production level of rctivity j. dpd b Plro fixed cwtllciord matrix, with each column refening to or 
wlmology. The matrices, Q, and ds( have been compiled baaed on technologies h n  T i 4  at rl. (1996). 

IfN, is the numbn of altanative techniques available at stage o f c o ~ c t i o n  &the total numba of techniques available is 
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Final inputs 

requirements Primaly iaputavailability. 

Xbpjri ' tP. 
i nmary inputs 

requirements 5 availability. 
t~ 2 ZZbpi.aij.xj. 

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

For detailed list of xj refer to table 4. 
3 ail is the requirement of final inputs 

to produce unit output of jth 
activity, i.e. 
The element f i  is the total amount of 
the ith final input required to run thc 
production activity at a level X. The 
element b, gives the requirement of 

4 the pth primary input to producc 
unit output of the ith h a 1  input, i.e. 
where t, e 1 . P )  is the total amount 
of the pth primary inputs required to 
produce the intermediate inputs r,. 

L 
Combining Eqs.(7) and (8) yields 
The model faces two resource 
constraints (i) final inputs (Eq.7) 
and (ii) primary input constraints 

6 654.9). 
1 J Direct and Indirect Employment 

availability 2 requirement. 
d, is the qth type of direct labour 
required for the jth activity. This is 

the labour bat is required at the construction site and is constrained by the availability of construction workers Dlq. s,! are the ~ndirect 
labour requirements of the qth earning class to produce the ith intermediate input. The direct and indirect labour requuement for each 
wage class is 



D i m  labour 

nqvlrrnrrn~ 5 ovrrUnblI~, 
whas 41 is the qth type of labour 

Indirect labour required to produce the ith 
intancdiate input. The total supply 

,, of indirect labour ie nq. . . 
Ougut Constraint 

Thc t u k  level for e v m  stage of 
building a h o w  varie; with the 

choice of the technique of comtruction. For example, to support the m e  lord, the thicknom of a Hone wall should be more than that 
of r brick. wall. The type and quantity of materiala required change W i g  to grinciplea of -turd engineering. The material 
requirement a evay atage is a polynomial function of the rrep urd height of the building (Tiwari st. d., 1999). 
The output consmint is 

The element q, represents thc 
c~lllx~ Yp. output coefficient of the jth activit) 
I 12 U stage g, y, is the task level fo~ 

Output 4 Tarkbvrl. srh mge. 

Eoeccring Constraints 

In building commction, the choice of techniques for one stage is not entinly independent of thc choice of techniques for other stages 
These interdepcndrncies and internal balances in production have to be taken cam of. 
Thae engineering constrain& are wrinm as , 



To understand this constraint, it 1s 
uq x,j 2 0. 13 necessary to explain how the u,,'s arc 

derived. Consider two activities x ,  
and xz co~responding to stages I and 

2, respectively. Lct 1 correspond to the foundation and 2 to the superstructure wall. Now, if the wall is constructed by using technique XI,, 

it is required that the foundation is to be built only by using XU. This constraint is introduced as follows. k t  xz = superstructure wall 
work in m' built by using technique xz,, and x, = foundation work in m3 built by using technique xlj. As the dimensional details of both 
wall and foundation are known from engineering calculations, the lengths for which xl and xl are built are calculated by multiplying thc~r 
levels by proper constants. 
lfklxl is the len* for which the foundation is built by using XI, and k2x2 the length for which the wall is built by technique xz,, then x: 
depends only on XI, so that klxl should be at least equal to kzx~, i.e. 

The coefficients of x, and x, become 
ktxl- k2x2 z o OT xt-(k?lkc))(2 z 0. 14 the u,j. 

Environmental Constraint 
In this model, the environmental constraints appear as 

Only indirect COI emissions due to production of primary 
C ~ , E ,  TC. inputs are considered. E, is a vector of the C02 emission- 
P 15 coefficients for p primary inputs. The total requirements 

of p primary inputs to meet the levels of intermediate- C02 emissions S Upper limit on C02. 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 C02 emissions related to construction. TC is the upper limit on C01 emissions. 

We run abdve model for various alternative 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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ofthe ordcr of 10-~WXI over a UAlJ scenario. GDP loss of this extent is not ncgligiblc in tRc 
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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rcsponsible for about thrcequartcrs of the accumulalcd C02 emissions. While developing 
countries need not have a fixed con~mitmcnt to reduce COr emissions, as rccognised 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 C02 
emissions in the world. The emission data in Table 2 shows that total emission in the world 
increased by about 4300 million tonnes during 1980-97. o f  this total incremental emission, 
China accounted for about 38% and India another 13%. In per capita terms, however, C02 
emission during 1997 was 0.9 and 2.5 tonnes for India and China respectively as against world 
average of 4.0 toms and OECD average of 11.1 tonnes (ae, 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 C01 emission reduction without sacrificing the 
development objective. 

It is against this background that this paper examines the impact of a emission reduction 
on economic growth and poverty using an economy-wide model for Ma. Specif~ally, we 
examine the likely loss in national income growth and increase in the incidence of poverty due 
to annual or cumulative restrictions on CO2 emissions. In d o n  2, we make a brief review of 
the literature and set out the model structure. In section 3, we di- the design of the 
scenarios. The results arc reported in section 4 and section 5 makes the. concluding 
observations. 

2. Model stractare 
There are several models in the literature that deal with &c impact of GHG emission 

nduction. These models' mighf be classified into three categories: -up, top-down and 
integrated. The first category of bottom-up models typically focus on production process and 
emission details of one or twosectors of interest and then find oat implications of the sectoral 
effects on the whole ecanomy in a ludimentary form without adqwte consistency. While such 
models bring technological knowledge and specificity, they o h  have incomplete 
techmemmmk evaluation and turn out to be overtly optimistic in that policy and institutional 

1 '  
obstacles sn not fully accounted for. The second category of topdown models focus on 

A+ macmeconomic consistency. Among them are macro emmmdrk modefs which use reduoad 
form equations without structural details and the implied policies behind them remain unclear. 
Another approach of topdawn modeling is the compuiabk generd equilibrium (CGE) r 

t approach where equilibrium prices and quantities are computed for one period and repeated 
sequmtidIy fw several piads.  The main choice of the economic agents is essentially of static 
nature contined to events occumng in a single period with a few linking equaIions for capital 
or labour stock fiom one period to another. Both econometric and CGE models oilen assume a 
high substitution elasticity which makes it easy and relatively cost less to adjust to C02 
constraints. The problem is thus assumed away. An activity analysis approach involves 
simultaneous choice of economic variables for several periods in a d y ~ l a i c  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 topdown 
and the bottom-up approaches. 

In this paper, we use an activity analysis munCwork to examine effects of C02 
emission reduction on the national economy. This model reported in Murthy, Panda and Parikh 

' For emmpl+ rc Mame nd RkhW (1992). BIiQa a a1 (1992). NwQDvv (1994). SMh (1996). Fisher-Van& a. at 
(1997)ud Gum md Hall (1997) for I umpleofruch models. 
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services as not all services can be imported. Generous export bounds are inlroduced lo account 
for crudely, fall in export price and profitability consequent to large exports by India. Thc 
values of the bounds are given in the Appendix Table. 

A savings constraint is imposed to mtrict marginal savings rate to 30 -1. Programming 
models often give high investments and implied savings rate. Such rates are not realistic as 
governments in a democratic devetoping poor country are not able to force savings rate beyond 
a limit Finally, though the model is run for a period of 35 years, the post-terminal fuhlre 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 etc. fixed and growing at a 
prescribed rate. This translates into a larger weight for the terminal year consumption in the 
objective function. 

Emissions Inventery 
C02 is emitted when fossil fuels such as coal and oil are burnt in production and household 
activities For a given fuel, the amount of emission is directly proportional to its quantity burnt. 
The C@ emission coeffiient of a fuel depends upon its carbon content We account for these 
emissions in hvo different ways: flows and stocks. The emissions from the production sectors 
are computed by considering the scalar product of the activity w&x and the emission ) 
coemcient vector that indicates the amount of emissions per unit level of activity. The 
emission coefficient for an activity is derived by eonsidezing the fuel specific emission 
coemcient and the hrel input coefficient. Apart from the production activities, emissions are 
also caused by the private and public consumption of fuels like kerosene, LPG and motor 

- gasoline. We amount for these by considering emission coefficients attached to each 
eonsumption activity. 

The cumulative emission of CQ at the end of any period is computed by adding the emission 
flows during the current period to the cumulative emissions carried over h m  the previous 
period. C@ emissions are known to accumulate and reside for long duration in the atmosphere 
leading to incnase in C@ concentrations. 

Clybon Rednetion Options .+-I 

In the model C@ emissions can be reduced in a number of ways. ERf it can be reduced by 
reducing the levels of different aetivities. This has the direst effect of reducing income and 
wnsumption and hence a loss in the social welfsn. The second method is to c b g e  the 
camposition of production in the economy in favour of less C@-intensive activities. This can 
be done either by changing the shucture of trade so that the more C@-intensive products are 
imporred or the structure of consumption and other final demand may be changed by reducing 
the budget share of C@-intensive goods in total fins1 demand. This leads to an indirect loss of 
current welfare as the investor and consumer choices get distorted. 

In addition, technological options are also available for reducing the C@ intensity of activity 
levels. These have the virtue of reducing emissions without any significant loss of output. 
There are essentially two types of such options: (a) Reduce the amount of C a  emitting energy 
inputs reguired by different activities; additional investment may be required to install 
equipment that can operate these processes at higher energy eEciency. 0) 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 industrial boilers on coal, we may use oil. The COZ 
emission coefficient varies across the fuels, being highest for coal (26 tCIGJ), followed by oil 
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(a) reduction of IOU! ,  20% and 30% in n ~ ~ ~ ~ v l u l i v r  COI emissions (CEMT) over 35 years (Ihcsc 
three scenarios are labeled CIO, CZO and C30 respectively); 

(b) annual reduction of lo%, 20% and 30% in C G  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. Impact of Carbon Dioxide Emissbn Reduction 
We now discuss the results of our experiments as &signed above. Tabko 4-6 shows the values 
of some important macroecomic 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. 7he 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 CQ reduction on aggregate GDP and pa capita consumption. ) 
Enforcing a 10% (or even a 20%) cut on cumulative CO2 emissions has virtually no impact in 
the short run (3" or 5" year) or medium run (loth year); see column C10 or C20 of Table 4. 
The GDP and consumption levels fall only marginally. In the long Nn (30" year), however, 
the effects of emission restriction are more visible. In the 30 '~  year under the C2O scenario, for 
example. GDP and consumptioa 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 tbe mission rcshiction level is tightened from 10% to Zw and sod to 330%. 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?6 and 30% cumulative carbon emission restrictions nspectkly  (Tables 4 and 5). The 
fltubility of the economic system gets reduced, as emission restriction bcoomes tight&. Also, 
note that the losS h GDP and consumption is nonlinear i.e.. loss rises at an i-inay faster 
rate than emission restriction. For the case of a 3@% restriction, evea tbc short lun effects (up 

' to 5 years) are noticeable: GDP and per capita consumption loss is about 02% and incidence 
of povaty is higher by 0.3% compared to the BAU scenario. F u m o r e ,  the losse$'are more 
severe towards the end of the target period (30" year) than near the beginning of the restriction 
prriod. Tbe model tnes to postpone the economic losses due to two -11s: it discounts the 
future consumption flows and it also enjoys the facility of attaming emissiom reduction target 
over a 35-year period rather than in just one or two years. 

Next, we consider the impacts of imposing annual reduction W t s  for C@ emissions. A 10% 
annual reduction target over each of the 35-year period (scenario A10) achieves the same 
reduction over the period as the ,lo% cumulative reduction scenario (CIO). 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 3 0 ~  
year as compared to 1.36% for cumulative constraint and for 30% reduction, GDP is lower by 
a whopping 10.7% (Table 4). Annual constraints a n  more restrictive than cumulative 
constraints because they deprive the economic system of its 'eedom to choose an adjustment 
path over time, though the terminal period carbon stock level is the same under both types of 
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Table I: Bask Statistics: India, World and High Income Countries 
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Tabk 2: C& Emissions in lndla. China and Wow 
(mt) IndlJWorld ChlnaWorld 

Y e a  India China WOrkl 
1980 305.97 1491.34 18668.1 0.0164 0.0799 
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consumption levels we impose an upper limit on the aggregate investmen: by specifying a marginal 
savins rate (s). . 

Z Z J ,  SS'+NGDP, -GDP.)+F, 
h l  

(8) 

when F, is the a-ly specified level of foreign capital inflows m period I. 
The invarmntt by sector of destination (2) such as agriculture or s k b k i l y  WLpt bC balanced 

a* the investment goods available by seftor of origin (Nf such as machinay a construction. 
Therefore, we have 

2 kc$,, N,, (9) 
1-1 

where Lf is capital e a f f i c i t  indicating amount of i-th typc of capital pa unit in-t in sator j. 
Turning now to trade, we impose the oolLFtraint the total value of imports cannot a d  the foreign 

exchange avaiIable either through expat ear&@ or thmugh inflows of foreign capital (F,). 
t M ,  LEE,, +4 
,-I hl 

(10) 

The~mukmareootmlBlfimitedforhdi.andanupp~boundonthegrowtbratcofcxpatsis 
m o r c ~ .  

4, E,,-t(l+ iLeU) (Ill 
where is vpper bound on gmwth of expats. Similarly, import upper bounds an aho used for a few 

on gmmds of food &ty as well as limited kade poss~bil~ties in sectors lik$ ekxkkity and 
transpat. 

M , , J I + G ~ ) ~ M , ,  (12) 
w h e n p ' i r t h e I i p p e r b o u n d o n ~  

Whik we mi@ restnct our chotces to T periods in prachce, the economy would ccnlinuc to evolve 

beyond this limited horizon. This calls fa a minimum level of post-terminat capM ~ b ~ l r .  RTTI) to 
provide f a  the hhne. 

(KT.,) > (zr+u) (13) 

However, whpt is $,+,)?We assume tsPt output, capihf st& and p w  at a eooststlt 

nk (6 ia tBc pcst-bmid period (T+l, .... m), is.. the aommy attam a s t p l h W  shk 
rc,)=o++)(Llr 1 ' T (14) 

Tbe.bovcsinpS6crtiarmightcomp&tbcopthnnlityofthetemunslye0rldhttioadetamioalby 
us. H-, a annpmmise is uaavo~dable in this case. 

'Ibe objective hmchon a now modiitad to include the utility from pcPt* ammwth. ? 

~hkaYlrmcdmgmwatthepcPtterminalratcof~Thcrcviyodob~ehrectionmbe 
exprtJsodas 

. r,  .7 7 ,  

Which gives a higher weight (typicaliy, a > 1) to the utility derived han c- in the t u m i d  
period because the pat-terminal comm@ion is directly pmpabooal to i t  This is in ccnhpst to the 
objective fiurction &tined earlier in qldm I, in which the weight anpEhcd to utility is the katt in the 
tmninai period W m  the objective function not modified in the above fishion. the model would 
choose a smaller consumption level for the terminal period as this leads to a smaller requirement of 
capital investment for post-tminal growth 





Amthe point to note in this connection ic (tut we have used the GAMS popd~m oD hdve the model. 
GAhS, however, does not -t equations with standard l o p d  fimctions, SLN(.) above. It, 
however, pennits a loop where the S W  h t i m  cwM be computed before obtaining the optimization 
solution and iterations cwld be d c d  out within the loop such that the MLUC of the SLN hction 
savages. W e  have taken advantage of this faciJily. 
EmErsiona Imvcntory 
T h e c m i s s i i h m n t h c ~ s a ~ B o r s s r c ~ c d b y c o n s i  
vectors: the activity levds {a and m &m oocffrcient 
activitig. anisions cut also c a d  by the private and public of&& like kerosene, LPG 
and motor pasoline W e  account for lhesc bv carsidetine two etba unksh coefficient vatom fecf .. , 
.ad(LC).&tota~-inpgiodtis&ttxe-as: 

E M , = ~ ' X , + ~ ~ H , + ~ ~ G ,  (u) 
T b e ~ l a b v e s t o c k o f ~ e r r 6 r s t o l r r C W I , ~ t h e t h c d o f ~ Z f  cmtputdbyaddmgthe 
cmissii flows EM, durmg the nment period to the stock W,, aMed ova h m  the pmnw pmod. 

CEM , = EM, + CEM ,, (24) 





. x w  01 06-6861. w are mend asea (O 
- e n o e e ~ s a p e s a ~ a ) ~ m a d & ~ s l a d x a w e s ) r o d w ~ ( C  

0-1 06-686L ruaY W3 )e8pul- (Z 
<. . m ~ ~ p a s s c a s p s e m e s e q a s e c ( l m m u ~ a d ~ ~ a ~ t t o ) e B p x l ~ ~ ~ ~  

. ( p s s r ) w  p u s e p u ~  'wiped w m sersep &wsW W u! mRls )a8pg (L 

LDO 66m' 0 0  0 9S0'0 900'0 910.0 k:pacueplroduq 
660'0 L ' X O  a 0  0 SW'O 0 GfDD %lW-W* 
982'0 €10'0 880'0 ELO'O LO'O 0 100'0 9 :- -m 
1PL.O UL.0 L W O  LLO'O ZWO 200'0 UO'L 'J3:uolgdrunam- 

( d m  .,oI) ~ e n p n d  eree 
21.0 21.0 W O  ms 

~ p e ~ w l l l m o S p n x s w ~ *  
SO'O 209 507) m 6 

~ l P e l e r c l l m o 8 ~ w o p u r o p m  
SSL.0 LSD0 QLLL'O ESmo SLO'O L W O  m o  rn 

~ & r u n s u x , p l e u u s M e u i ~ ~ ~ ~ a a q = l a s p l a  
6Zi3 SLO'O 6&I&'O 10.0 9810.0 0 SLKO (€3) :-P *l 

LEEZ'O LSWO -0 -0 SELO'O 6000'0 CLZVO (01 :Esep WFW 
LL'O CO'O €2-0 W O  SLWO L L W O  P6WO (1.3) :& UlOROB 

E p l c w l a s n o y p w q p u e d x e w g d r u n s u a e ~ Y ~ p r v a l i p ~ s a a c l s l ~  
plruas wdsmJ1-1 aPl4w3 10 l e o 3 = W w W  

~qlpouxuolo) mw ~ J ~ -  lapgl 
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Figure 1 shows the sftare 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 dispRsed 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 mcrcased to 2978 MW in 2001 (as on 31* March 2001) and 
accounted for almost 3% of India's insfatled power capacity. The growth rate of installed 
renewable power capacity during the period 1993-2001 was 3g0% pa year. During 
(January 1) 2000-2001(March 313  the installed capacity increased &om 1600 MW to 
2978 MW (an annual growth rate ef 49%). 
Figwe 2 shows the installed capacity of different m a b k  rnagy technologies 151.. The 
major contriiutors are small hydro (< 25 MW), which acwuats for 1341 MW (45%) and 
W i  which accounts for 1267 MW (42%). The installed capacity in Biomm based 
power generation is 308 MW (10.3%), with most of it coming h m  Bagasse based 
cogeneration. ) -  

Bofh w$d.and small hydro axe. technologies that are coninercially avail8blc. Potential 
sites have been mapped and there is likely to bc' a steady &wth %the cwacity. However 

are only Micable at some sites where there is sufficient wind or kta flows and 
heads. Figure 3 shows a listing of the options for power gcncsatim fbm Renewables. 
The solar energy route has a vsristy of configurations possible based on either solar ' 
thermal or solar photovoltaic teeblogies. These will be eclsessal m detail in this report. 
W i  and Small Hydro are commercially available technologies that will also be covered 
in this report. 

13 Tfdrl, OTEC u d  Wave Em- 
The remaining proccrs routes = &ted to only a - f- - --- rcgiolls . ,- near thc coast. This 
report will not c o w  Tidal. Octen Thennal Energy C ~ n ~ o n  and Wave Energy in 
detail. Of these technologies, power generation h m  OTEC is only at a prototype stage. 
Thae have been experiments at the Nahual Enggy Laboratmy of Hawai (USA) . Power 
gememtion is based on utilization of the temperature differences exkthg in the ocean. 

*. I 
Since the teqmafum diffkmxm axe. small (20°C) the cycle efficiencies are poor 
(approx 3%). A mini OTEC closed cycle (ammonia working fluid m a Rankine cycle) of 
50 kW was imtded in 1979 in NELHA with a 10 kW net power output. A 210 kW 
gross output open cyclc plant (working fluid - sea water) was operated between 1992-98 
with a net output of 40 kW. These technologies are in the pmtotypd 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 Thirumthpuram 
(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 
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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 [lo] is shown in Table 2. 
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. Raewabk Energy Power generation potmtbt (101 
Source I Potential (MW) I H l o d  RIW) 

W i d  1 45000 1 1267 
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Figure 1 Share of Power Instatled Capacity (1998) 
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Chapter 2 Assessment of Renewable Energy Technologies 

Introduetiol, 
This chapter revitws some of the important renewable energy technologies for powcr 
generation. For cach technology then is a brief description of the technology and 11s 
current status in India The technologies considered are Wind, Small Hydro, Solar 
Photovoltaic, Solar Rwrmat, Biomass Combustion, Cofiring, Cogeneration, Gasification 
and Biogas. Typical vttlues of costs are indicated for each of the technologies. 
2.1 Wind Energy 
Among the diffnent renewable energy sources, wind energy has made a signiticant 
contribution to 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, s w e y  and assessment of 
wind raounxs, implementation of demonstration and commercial projects, capacity 
building for msnuti&uing, installation, operation and maintenance, promotional policies 
and institutional and infiasbucture development. 
21.1 Stabs  
India is fifth targtst wb&,power producers in the world with a wind power generating 
capacity of 1,267 MW. Table 3 shows the installed wind power capacity in India as on 
Dairanber 2000. Some 26 project sites have been developed in ihe high potential states 
under the demodration pugramme, resulting in a capacity of 57 MW. 1,210 MW of 
power has come through wmmacial projects. About 6.5 billion tmits of electricity have 
been fed to various state grids from wind power projects. 

Tsbk 3: Wind Power Installed Capacity 0 : Deamber 31,2000 

Source : MNES Annu01 Report 2000-2001 
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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 promotional 
incentives are available from the Central Government: 

Concessionat import duty on specified wind turbine parts 
100 per cent accelerated depreciation in the first year 
Sales Tax, Excise Duty relief 
Loans;thmugh IREDA 
Five year Ineome Tax holiday 
Sales Tax incentives in certain states 

Fourteen states have introduced policies based on MNES guidelines: 

2 per cent Wheeting charges 
Banking upto one year 
Third Party Sales at remunerative prices 
Buy-back facitityat minimum price of Rs. 2.25 per kwh ' l t  
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 twa benchmark wst of Rs. 
3.2 croreMW) would be borne by the Central Government. All other costs will be met by 
the state government. 
IREDA loans for wind power projects are availabk under different schemes, as follows: 

Project financing 
Equipment finaacing (up to 1 MW per party per financial year for grid-connected 
projects) 
Manufacturing equipment. 

Financing norms of IREDA have bccq given in TaMc 6. 
2.2 Small Hydropower 
Small hydro projects (SHP)  ent tally bmign wd economically viable source of 
energy and are very usel l  for remote and hilly enrs where extension of grid is not 
possible or is uneconomical. The envLwunental and social mmhahts involved in larg. , 
hydro projects are not concems in small hydro projects. These projects have short gestatiot. 
period. Small hydro projects have received sharp focus in recent years. Due to preferential 
policies and incentives given to this sector by Ministry of Non-conventional Energy 
Sources, it has grown folrr fold from 63 MW to 226 MW in the last I0 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 potential 
and 13 states have announced their policies to encourage private sector participation in 
commercial SHP project. These arc Himachal Pradesh, Uttar Pradesh, Funjab, Haryana, 
Madhya Pradesh, Kamataka, 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 - 
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2.23 Research & Develop- 
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: 

simplification and optimisation of the system and equipment designs and engineering 
practices 
reduction in the cost of ditTem%t elements 
improvement in equipment reliability 
development of techniques for speedy construction in order to reduce gestation pen'od 

New concepts such as mbber dams, COANDA systems, SCADA system for computerised 
project monitoring etc. irrr. being tried out in various demonstration projects. 
22.4 Ecoaomim and Policies L* 

Aim and Targ&::The Government of India is encouraging private sector participation for 
setting up SHF' projects. All the. states have suitable policies in this direction, to be 
achieved thmugh: 

a nationwide SHF' resource assessment 
EncomagernQLt to commercial SHF's 
Special incentives to northeastem states to exploit SMALLHYDRO POWER potential 
Projects aggrckating 65 MW under the renovation and modemisation programme 
Demonstration projects based on commen:ially viable and enviromnentally sound 
tfxhnologies 
Upgradation of 100 existing water mills to mufti-purpose units 

Cast Economics 
Engineering, Proetinmmt and Construction cost of a small hydro is USS 1.00antW ) 
Evacuation cost is about USS4,000 1 Km 
Total project mst 

FiPcal and Promotional Incentiw: The facilities available in fhe states include Wheeling, 
Banking, attractive Buy-back rate and facility for Third Party Sale 

-. 
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Financial support for development / upgradation of water mills 
IREDA provides sofi loans for setting up of SHP projects up to 25 MW. The Financing 
norms of IREDA have been given in Table 8. 

2 3  Mar WotovoItaJrs 
Solar Photovoltaic (PV) t ech logy  based on solar cells provides one of the most 
environmentally friendly source of electricity generation. PY can be uJed both in stand- 
alone and in grid connected applicatiom. 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 etachicity 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 soh cells is being regarded as the technology for the future. A complete PV 
power system has a PV array, an energy storage system and necessary eIeclronic, electrical 
aadmcchauica lsu~ems.  i - 
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 wuntry in a year. . . 
The daily average solar energy incident over India varies from 
4 7  k W m 2 ,  depending upon location. Table 9 shows potential of PV in different states on 
a scale of 1 to 4. 

Table 8 : IREDA'S mNANCING NORMS FOR SMALL HYDRO (20ML2001) 
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energised (i.e. 200,000 open wells), this would translate to a 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 1 GW of PV (assuming 
replacement by lOWp 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 
abbot comm-ial complexes, corporate buildings and farmhouses. With the kind of 
demand anticipated, prices will no doubt plummet down to Rs. 50 a Watt in the next 5 to 
10 years. 
23.2 Stains 
About 65 MW aggregate capacity (about 8,00,000 systems) stand-alone PV systems have 
been installed for various applidons. 7,50,000 systems, ag@e@ting to about 58 MW 
have been installed under MNES's PV programme. This includes 3,60,000 solar lanterns, 
1,60,000 homelighting systems, 43,000 street lighting systems and 3,575 water pumping 
systems. 
MNES is implementing two major schemes for the deployment of stand-alone PV systems ) 
in the couptry: 

Lighting systems, W-done power plants and otha speeialised Wems 
Water pumping systems for agriculture and related uses 

Prominent regions where SPV homelighting syst- and power plants arc in demand arc 
West Bengal, Rajastban, hilly regions of Uttar Pradesh, Lad* Lakshdweep, Andean 
and Niwbar Islands. Eleven power plants of 250 kWp aggregate capacity have been 
installed in Sagar Island in West Bengal. 
Target achievements of SPV in the Eighth Five Year P b  p&period an shown in Table 10. In 
the last two decades, the cost of PV has gone down by mom than 10 times, increasing 
accessibility for dispersed rural applications. 

Tabk 10: T a m  Mievements of SPV in tbe E@B We-Year Ptan Period 'r ' 

Aims and Targets: An all Imlia SPV p ~ e  to develop cost-effective PV technology 
and its application for large scale diffusion in different Sectors, specidly in mral and 
remote areas is under implementation by MNES. Major components of PV programme 
include: - 

Researchanddevclopment 
Demonstration and utilisation - 
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stlicon cells (26.5% efficiency). Currently 300 k W p  of Antonix systems are installed in 
Arizona (PHOTON international, Jan 2000). It is believed that a niche market for 
Concentraton: 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 PI-n struchne ('p' layer, d u n d o p e d  intrinsic layer and 
a '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 
mmh less matqial (one mi- or so). aSi can be dagosited on;any subshe mch 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 Staebla - 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 'pln' layers in the top junction. 
Due to the use of lcss material and to the ease of the manufachning process (deposition is 
by PECVD generally), a-Si holds the promise of the prices of modules coming down to $ 
125Mrp by 2010. Today prices are about $ 3fWp. Module efficiencies are expected to 
increase to 14% by 2010. 1 - 
Cd-Te Cadmium Telluride offers the best match to the solar specbum with its band-gap of 

. t.43eV. It uses a CdS (Cadmium Sulfide) window layer and Cd-Te 'p' layer. The 
- 

advantages of the cd-Te techno10gy are : 
a) High absorptivity. 
b) Cd-Te sublimes congruently upon heating, l i i  Cd & Te in equal amynts 

(1:l d o ) ,  the residue remaining stoichiometric Cd-Te. Cd-Te wnd- 
stoichiomehically as long as the substrate is heated about 400' Centrigrade 
(approx). FiIms deposited at lower tempera- (not in stoichiometric ratio) can be 
heated to create the single phase stoichiometric compound. 

c) Because of b) above, it is amenable to many deposition technologies such as c l d  
space subfhdbn, chemical spraying, meen printing, sputkhg, spray pyrolysis, 
galvanic deposition, CM,atomic layer epitaxy etc. - - .  

d) Module efficiencies which are 6-8?4 today arc expected to imaease to 14% by 2010. . 
Prices are expected to come down to S1.25Mlp by 2010. 

Ceppcr Udiam Diseieuide CIS or CIGS i.e. copper indium &um didlehide is andha 
promising thin film terhnology that uses CdS as a window lays. 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 nstural tendency of copper atoms to 
distribute theame1ves evenly and at great speed. They spread into damaged spots and carry 
out the repair. 
Grakel cell or Dye-scndtbl Ti02 cells The GntzPl all (also r e f d  to as dye- 
sensitized mono-crystalline Ti& or Photo-chemical solar cell) is a new type of PV cell, a 
photochemical device that is b + d  on dye-sensitization of thin (10-20 mirro-meter) nano- 
crystalline films of Ti@ nano-particles in contact with a non-aqueous liquid electrolyte. 
Research &Development 
Mrrterials and DmNIccs 

Development of crystalline silicon thin film l a m  and low-xd subs&& for depobition 
of films 
Development of large size solar cells / modules based on crystalline silicon thin 
films 
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2.4 Solar Thermal 
Apart from the solar photovoltaic 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 them opexate a power cycle with the fluid. Sukhatme [1,2] reviewed the options for 
solar thermal power generation and classified the thermodpamic cycles as low (about 
100°C maximum temperature), medium temperature (upto 40O0C) and high temperature 
c d e s  (above W C ) .  W option for the low tdmperature cycles is to solar flat @ate 
collectors and use an organic ranking cycle with working fluids like methyl chloride, 
toluene or re6igerants like R-l 1. The overall c y l e  efficiency is low. The high capital cost 
($ 6000 k W )  and the low capacity factor (25-30%) makes this unnable. 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 
m2 (50,000 m2/MW). Though this has been shown to be technically viable this is still not 
an commercial tecitnology. In India there has been some expet'ience with solar pond for 
thermal applications (hot water for a dajr) - operated by TEIU in Bhuj but there has been 
no attempt to use a solar pond for power generation. \ 

I 
An alteanative concept that has been demonstrated is a solar chimney power plant [3,4]. In 
the Solar chi* plant ,a transparent cover glazing is provided over a circular area around 
a tall chimney (Figure 5). This glazing is maintained 

Solar Power 
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Fig. 4 Technobgy Options fw Solar power 
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above the ground by a metal frame. The air trapped in the enclosed circular area gel 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 195111 high, 10.3m 
diameter chimney and a glazing 2m above the ground wvcring a radius of 126111. A Solar 
chimney plant with a 

m.5 Schematk of Solar Chimaey14] 

Ikm chimney and 100 million ma of collector area gQlaeting 200 MW was planned in 
Rajasthan [3]. Hoarever the projact idea has not been parsaed. The cost is estimated at 
$MMMcW. T l ~ ~ u g h  it has beem &hated that this system might have the lowest life cycle 
ewgy cost [4], this is not yet cornmemially available. Since 1983, w new plants have 
been sct up. 1 

Of the solar thermal technologies, the maximum experience globdly is with the 
line focussing parabolic trougb technology. These are medium temperature systems. 
Figure 6 shows a schematic of a parabolic wncenh.ator. 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 superkited steam that drives a 
conventional Rankine cycle. This is 





Fuel 4-1 
4 GTG 2sets of 35 MW each 

P=-L.k@ Steam, 103 b,500 OC 
i T ,Turbine& 

Aux. Firing 

Flue gas &om GT 

103 b,371°C 7~ c MU, 

b- bar 

Fig.7 Schematic of the proposed ISCC plant 

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 50O0C in waste heat ncovery 
boilers that have an option for supplementary firing. The st- h m  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 cmres ($245 million). The 
Global Environmental Facility is providing $ 45 million towards incremental costs. The - 
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Table 9. Comparison of Solar Thermal Power Generation Technologies 
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Fuelwood, agricultural residues (rice husk, sugarcane trash, eoamut 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 cnergy use [8]- mainly fuelwood 
(about 2W). 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 rrop production data 
and the residue to product ratio by Mukunda[9] estimated the biomass produced in 1997-8 
to be 545 million tonnes. Of this about 150 million tonnes is expected to be available for 
power gemtion.  This is estimated to be made up of 23% rice straw, 18% wheat straw, 
16% other straw ,IS% 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 
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2.5.1 Combustion 

The most oomnmnly used route is wmbustion (thennochemical). The cycle used is the 
conventional Runkine 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 pmject in Madhya Pradesh with rice husk as the fie1 uses an atmospheric fluidised 
boiler operating at 65 ata 48S0 C. A 12 MW multi-fuel biomas6 power plant has been set 
up in Tamil NaUu [10,12]. Five grid wnnected projects accouflting for a total capacity of 
24 MW were wmrnissioned 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 arotmd 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 cod, except the boiler. In order for this technology to be 
economically viable it is necessary to have larger plants (5 MW and higher). This W I ~  ) 
require biomass collection and transport over a larger m h i c a l  area It is preferable to 
link these power plants with dedicated biomass plantations. A 5 MW power plant operating 
for 6000 hours peryear wbuld require a biomass plantation spread over 7500 hectares (with 
.an average yield of 5 tomes/hectarc). The actual generation from these plants and their 
operating experience needs to be reported to help decide future policies. The capita1 cost is 
expected to be about 1500S/lrW (Rs 60000 -70,00O/kW). 

Technologies are commercially available with Indian manufacturers like BHEL, 
Thermax. Triveni. 
25.2 Bionuss Coflring 
Cofiring of biomass along with 4 in thennal power plants is mother option which has 

been adopted in some European countries and the US. This has not beem tried in Indian 
wal plants. This has becn developed by utilities ae a response to pxtblio standards and 
developing markets for gnrm power. Cofiring r e d s  in reduced  use gas emissions 
(since biomass is almost esrbon neutral) and reduced local NOx and SOX emissions. 
Reviews by Tillman [13] and Hughes [I41 provide an overview of cofiring ekperience in 
the US, eumomics and policy. 

Biomass cofiring tests have been carried out in the US in coal power plants of d i n g  
i 

between 32-700 MW. Cofiring has been attempted for both pulverised cod and cyclone 
boilers. The biomass used in cofiring has been wood /sawdust. Tests show that wfirjng at 
a level of 7-100/. (by heat input) results in a drop in boiler efficiency by 0.3-1.0%. The Net 
Station Heat Rate(NSHR) increases with wfiring (by about 1%) for a 10% biomass 
contribution by heat input. The NSHR for the c o w  biomass component [I31 works out 
to 11,000 BTUtkWh (1 1.6 1W/kWh) which is 10% high= than the NSHR of wal only 
operation [I0000 BTUIkWh ( 10.5 UIkWh) ] . Apart &om the deterioration in the heat 
rate there 1s 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 wal or b) firing biomass 
separately. The capital cost of modification is lower for blending ($50-S1001kW of 
biomass capacity) than for separate biomass firing ($175-S200ikW of biomass capacily). 
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 - 

- 
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Table 10 Comparison ofdifferent options for a 2500 tcd plant. 

I I I I I 
Source [IS] 

Kwh 

B 

C 

D 

Other estimates [16] indicate that the power export potential ranges between 60-80 
lcWtonne of csnl: crushed and can be increased to 100 kWtonyte of cane crushed with 
efficient condensing extraction turbines. This is similar to the range shown in Table 10. 
The average steani consumption per kwh is 10-12 kg as compared to 7-9 kg of steamkwh 
in sugar factories in Hawai[l6]. Energy efficiency options to reduce the steam requirepent 
can increase the power export by an additional 20-30 kWh/tonne crushed [16,17]. 

MNFS estimates indicate a potential of 3500 MW net (additional) exportable 
capacity h the Indian sugar factories. Thirty four b m  - based cogeneration projects 
aggregating 210 MW have bem commissioned till March 2001. The average export 
capacity of these plants is 6 MW per plant. The projects implemmted have been with steam 
conditions of 60 ata (some arc lower). New cogendon  projects designed with steam 
conditions of 87 ata and 515 "C are being implemented [lo]. There are proposals to have 
cogeneration plants with higher pressura of 105 ata in Maharashtra and Kamataka. The 
gross calorific value of bagasse (mill wet basis) is 2300 k M g  1161. None of the sugar 
factories in India hpve installed bagasse dryers. Bagasse dryers would improve the 
e e e n c y  of the cogenedon plank. ! 

Bagasse based cogeneration has the problem that the mill operats 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 yw. An 
Advanced Bagasse Cogeneration project component in an USAID sponsored pilot phase of 
the Greenhouse Emissions Prevention project [I61 f w d  on the use of alternative fuels 
in sugar factories during off-season. 

There are about 430 sugar mills in India In tams 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 S 450kW 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 ficel power plant. Thc inmental  fucl 
wst is low and depends on the alternate use of the bagasse. The total wst of electricity 
supply is Iikely to be about Rs 2-3 /kwh 

Export CASE Power Output 
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typical of producer gas is 20-22% CO. 15- 18% H t ,  2-4% CH4,9-11% C@ and 

50-53% N2 (by volume). This is a low calorific value fuel with a calorific value of 1000- 

Gasifier Cooling & Cleaning 
system 

&xi= Generator 

.. e . 1 2  '. ScLtmatie Diagram of Gmffir -Eaglse System 1181 

(compiessioa-i@h) in a duel fucl mode. Typical gasification efficiency obtained is 
about 7Wh. Diesel replacements of upto 70-75% have been reported 

India has significaat experience in afmosphcric 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 fordid  replacement in 
agricultural pumpsets. ~asif ier  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 of the 
system installation[l9]. Target beneficiaries took little interest in the pmgramme and 
reverted back to full diesel operation, after the initial few hundred hours of operation. 
Subsidies were misused to obtain a diesel engine pumpset at a cheaper rate. Despite this - 
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There is a wide variation in cost estimates of the different ttechnological routes far 
power fmm 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]. 

Corbmed Cycle Unit 

Solid (Waste Watu) 

IGCC BLOCK FLOW 

Fig. 13 Sebematie of an lGCC pket 

B i o e  ,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 (CH4) with the 
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m i n i n g  being carbon dioxide (a). Figure f 4  shows a schematic of a floating domc 
biogas plant. TtK digestor is a well containing the animal waste slurry. The dome floats on 
the slurry and acts as a 

FPg. 14 S e b d  d a  h a g  drum Biogrr Plant [17j 

gas Id&. TBt spent dtlny islludgc that can be usad as a fatiliser. The reaction is 
auaembi: (in the abseax of air) d im-on  that bones by Bactaial adion. Family size 
plants are typically rated at 2m31day while community biogas p h t s  have ratings of 12-150 
m3/day. A family sincd unit needs to have 2-3 stall fed cattle to supply i t  The calorific 
value of biogas is 16-25 ~ ~ h n 3 .  The biogas can be used for cooking or can be used as a 
fuel driving a diesel engine in the dual fuel mode. Indian designs typically have been the 
floating dome fype @hadi Village Ind&es Ccnpodoa KVIC design). Several modified 
Chinese designs of fixed gas storage dome design ( D e d m d ~ u  type) have also been 
manufaawed because of their low cost. Most Indian biogas plants have been designed to 
operate on cattle waste (cow dung). 

A successfuf b i o p  plant case etudy is the Pura j17.221 wmmunity biogas system 
that was installed in 1987. The biogas plant is a KViC type floating dnun plant rated at 42 
m3Iday. The capital cost of installed capacity was Rs 31,400kW (in 1992 prices). The 
biogas plant operates a 5 kW diesel engine that is connected to a 5 kV& 440 V three phase 
generator for electricity genedon. The power generation system operates for 4 hours per 
day with 77% diesel substitution. 
The current capital cost for a biogas plant connected to a diesel engine-generator is 
estimated to be Rs 50000-60000kW. The cost of electricity depends on the load factor. It - 



S i n c e ~ I c s n ~ l l m t h e i n i t i d r ( . g e o f d c v d o p n a * i t b d i f i i c u h t o p o j c c l ~  
g n m b p o f i k r e -  T b e ~ h , t b c ~ 8 r c r r ( 1 9 9 % M O I ) h a b ~ ~  
wirh;3rmmlgrowthratcsof39% l f lb is~pasis ts f i rnothrrdmd+Ibc2011 
rcncwibk~wouldbeSO,000MW. kUh8ralisticEutmgowlh~tc? Chsiduthe 
t o t r l i m W k d ~ o f h d i a - ~ 1 0 0 , O C l O M W .  Ifthiseg.citygorru796 
payar,thcto(ll~ladapacityintbeiediapowagdaill2oll willbe196700MW 
(an i n a a ~ a  of%,7WMW or %00MW apacityddi1ionpay.u). Tbe atim*t br 
m 1 c w a b k c r p 3 c i t y W . E c o l m t f o r 8 0 X o f t b c ~ ~ ~ .  This- 
u r r n r l i ~ ~ k r a m a t l y . c c a o ) r r o r o a t y 3 ~ o f ~ l o ( . I ~ c p r j t y .  

~ . b o o t 5 0 0 w . ~ b c ~ - f o r l r m a y d r o h a a i h v i s d r t l ~ 0 0 ~ ~ . 1 ~ e ~  
forSnrtllHyimm2Oll b S O O O U X @ M W . T b a c t a o ~ ~ ~ ~  
drives mollgb g r m r n o n m t p o l i d g a d ~ c 8 a ~ t b e ~ i b s j i 8 y t o  
~ t b e 1 O K ~ l b r e d q r n d r m t h e ~ o f ~ b r c d p o r a  
8 " T b e ~ b a t d c o g a a r t i o n p o t r m k l i a 2 0 1 1 ~ k . b a t 4 7 0 0 M W  
( c d u d ~ g ' 4 3 K ~ m t h e ~ ~ r r o r l l y ) .  S iBr - re  
exbraacly.ttndive,it~bepoadbktoEp~50Wdthhpo(cnsi.lThhwaLdlsqrirr 
s i ~ p o s c y ' -  " ~ h B i o r m p c ~ ~ h 2 0 1 1  bo.ira*rl 
r r 1 7 0 0 - 2 M O M W . A t p a a r t l b o P t 1 3 5 M W o f ~ ~  
rmda cooztmcbm 

- 
w h i k 2 4 M W a r d d c d m ~ # 1 0 1 . B i a w ~  W 

p o w a p t a n t c r p r d t y c a b e . d d c d a t a . v n r g a ~ o f ~ 1 ~ ~ ~ . l b i r r o c l l d ~  
ina 2011 e s Q n r t e ~ ~ 5 6 0 - 1 0 6 0 M W . ~ a r d f i a r ~ b P c d m ~  

- 
&AdAbeflabktomb~the~~bk-napedbdtobederai6ed 
using rcntmabks. Thc p p h t k m l  of 8 ia lad* b 1125 (d 200 
boushfds)- Atma 50% of tbe total number of viil.gs hr 8 p q n h h  lar U m  500 
hous&oIda T h c 8 v a q p ~ o f ~ b o a r e b o M s i a t b c l m c k c b i h s d ~ ~ t i L d y b b c  
kwcrtbmthcdcdri6edvin;rgek Asarmisgasvmpof100boarebddc, tbe~  
w p a c i t y ~ w a u l d b e a b o n t 3 0 k W p e r ~  T h i r ~ i r a p ~ a ~ p o a d i . l o f  
S 4 O M W m ~ p o w a ~  S i g n i f i c m t p o l i c y ~ a d i n s l i b l t i o a r l  
changes would be q u i d  to meet this pomtial. A apecity of 19700 MW amspmds to 
anannupl~wthof20KthtkPboutMfofthe.cltlllgnmb~te.cbimd~1993- 
2001 (39%). 



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 3  Tceltndqy Dcmollstntions 
The following technology demonstration projects would be useful for deciding fuhm 
alternatives: 

a) Tidal power plant - 3-5 MW mge 
b) OTEC-alreadyin--IMW 
c) ISCC- 35 MW - In addition to this there is a need to develop capabitity to 

manufactme parabolic concentrators for steam generation. 
d) Biomass Gasifier running a gas turbine of about 1 MW range 
e) Cotiring ofbiomass in a coal based power plant 
t) Bagasse dryer installation in a sugar factory with a condensing extraction steam 

g) BIGCC for a sugar factory - This would result in a significant increase in the surplus 
power generation h r n  bagasse. However the technology needs to be tested at least at 
a pilot scale for a sugar factory. 

h) Biomass gasifia/Biogas based rnkm-M5he -&n 
i) Power generation from large scale muni$ipal waste biogas plant 

3.3 P d d a  
A target of 10.A renewables by 201 1 is not going to happen in a bushes as llsual scenario. 
Several policy changes are required to facilitate this. A few policy issues and dkeUbns an 
discussed hm.  

a) ExtmalWa - Most renewables have the benefit of being clean, green fuels. They 
have significantly Iowa local and global missions. Fossil fuel based power g e d o n  
technologies have advease health impacts due to local wens of sulphur dioxide, nihogen 
oxides and particulate matter. Studies in Europe have shown that most of the extend social 
costs of energy supply and use are due to the health impacts. There is a need to devise 
mctrics and techniques for incorporating externalities in the social .choice of deciding , 
appmpiiate power genelation tecimologies. , 

Life Cycle Assessment or fuel qcle  analysis techniques can be used to determine the total 
emissions and impacts associated with a particular option. The need to stabilize and conhol 
gnenhouse gas emissions globally is providing a new impetus to the development of clean ' fuels. Table I f  shows the carbon dioxide emissions per kwh of electricity generated by 
different technologies. 
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i) Policy exper@msts- tn the case of ~ r a l  electrification that is a need to try out 
alternative implementation strategies with private, co-operative ownuship, 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 v h e s  by policy makers. 
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- 
Table 2 gives an estimate of nletlwi~c enlssions hom lndia due lo various anthropogenic activities. - 

TaBR 2 : Methane Emissions from human activities in India4 

Ice cgo  data indicate that the ahnospheric concentration of methane ( a )  avaged around 0.8 ppmv 
between two hundred and two thousand years ago, increasing to 0.9 ppmv one hundred year ago. 

Armosphaic metham have been mcasuRd directly since 1978 when the globally 
averaged value was 1.51 ppmv. Cumntly, methane concentrntiolt in the atmosphere is 1.72 ppmv 
comspondmg to an atmospheric reservoir of about 4900 Tg (1Tg = 10"g) and it is h e a s h g  at the 
rate of 14.617 ppmv pa year (40 to 48 Tg pa year) or 0.8 to 1.0 per cent per  yea^. The atmospheric 
conemIrati011 of in the Northan Hemisphere is 1.76ppmv, compared to 1.68pprnv in the 
SourhanHemisphen. 
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Whi* methnm's wncea&cm in BR d s  is dl, it has a significant conhibution to 
fume global warming bmirre it is a potent g r a n h o w  gas with its global wanning potdntial 21 
times more than Uxgi of carbon dioxide. The contributions of various g a ~ s  to the total i ~ r e a s e  in 
climate forcing duiing the 1980s is shown as a pie diagram in Figure 1. Methane currently 
contributes for over IS percent to the change:in radioactive fming (global warming) &om 1980 to i~ 

1990. 
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MUNICEPAL SOLID WASTES GENERATION IN INDIA 

Municipal solid waste is defined as refuse from households, waste from commercial establishments, 
refuse from institutions. market waste, yard waste and street sweeping (World Bank. 1994). Thc 
quantity of MSW generated by a city depends upon a number of Factors such as food habits, 
standard of living, degree of comracreul and industria1 activity in ihc city. 

In 1982, a study was conducted by World Hdth Organisation on 'Rapid Asesmcnt of Sources of 
Air, Wller and Land Pdlutidn'. AS per the sW&. per capita m.unicipa solfd-waste gmemted in the 
lowest income - i n . w t h  East Asia is 0.4 kg I day. While National Environmental Engineering 
Research Institute (NEERI), Nagpw. through iIs surveys has rep& that in mho cities like 
Bombay, Calcum and Hyderabad, the generation of solid wastes varies horn 0.33 kg I capita I day to 
0.5 kg1 capita I day. 

A similar study, conduckd by the E n d  Protection Training Research institute (EPTRI), 
Hyderabad, has shown that in Indim town3 and cities the per capita wastes generated ranges between 
0.3 kg1 day to 0.6 kg Iday. india has about 300 class I cities and towns. A recent nwey by Ministry 
of Non-conventional Energy (MNES) indicates about 56,900 metric tomes per day of solid waste is 
generated h m  the cities / Iowns in India 

Quantum of Waste8 Ceacnted 

The genaation ef s&d waste is directly related to consumption ptt&ns. Within India, there is a large 
intercity yariation st far as per capita waste gcncrdtion is concerned Acmrdig to the hentral 
PoUulioo Control Board (CPCB, 1995). the daily per capibt g e n e r a h  of solid waste in small, 
medium aid large citiesltow~ is about 0.1 kg. 0.3 to 0.4 k g  and 0.5 k&, respectively. Twenty-three 
metropolitan cities, which iontam as much as 32.5 per cent of the urban population according to the 
1991 Ceosry are the rrajjor coabibuto~~ to the total waste generated in the country. Tabk 3 shows that 
23 citim togctbu gmeraEe 37.7 thousad tomes out of 65.37 thousand t o w  of solid waste generated 
every day in tnban areas of the country. In view of these facts, management of solid waste is primarily 
anurbanissueinIndia 

TaMe 3 : Quunty of Solid WmCr Genemed'.in Mebpp0lit.m Cilks 

I ToId 1 37,666 I 
Sourre; Cmrml Pdlurim Conlmlhud. I995 

Composition of Indian Msw 





nnges between 0.5 lo 0.7%. 0.5 lo 0.8%. and 0.5 to 0.8%. respectively. The calorific value ranbqs 
between 800-1000 KCalAg. 

Metbaae Emissioas from MSW 

In India. aRer taking out the recyclable and reuseable materials b~ the ft~ragpickers, the waste is 
dumpdin open cal l4 d m p y d s  around the outskirts of (he cities. This is an unorganised 
way for waste disposal and leads to a number of sanitary and health problems, besides conhibuting to 
mahane generation. 

MSW dumped ~n landtitk worldwide am shrnated to produce 20 to 60 tengrams 0 ofmethane per 
year, as a duect result of the nahWl &compos~t~on of the organs c o m p ~ ~ ~ n t  of waste streams. Based 
on currently awlable technolog~es, d is techmcally feas~ble to reduce annual methane emassrons from 
landfills globally by 50 percent o f e m t  enuss~ons or by more than 10 to 25 Tgper year 

Cbelakhy of Methane Emissiom Produced from MSW 

Bacterial dccompositim of MSW under anaerobic condition (in the absence of oxygen) in landfills 
prohwes landfill gas (LFG). The degadation process takes place in different steps, in which the raw 
organic materials degrade to smaller materials which in course of time will be converted into LFG. 
The fomation of LFG can be intluenccd by various factors e.g, composition of the waste, waste 

i 
treatment, site characteristics, local and regional climatic conditions Uc. These aspects vary from site 
lo site. 

Major constituents of the LFG arc methane and carbon dioxide. Methaw accounls for approximately 
45 to 50 percent of LFG. while G+MI dioxide and small qusntities of other gdses c-se the . , 
remaining 50 to 55 percent. Methane production begins six months to two yars afla wask disposal 
and tnay last for decades, depending on disposal site conditions, waste characteristics and the amount 
of waste in the LandfilP. Methane migrates out of landfills and through zones of tow pmsur~ in soil, 
eventually reaching the armosphm. 

Ihc amount and rate of methane production o v a  tim in a land6;Il depc~dS a live key chwdctenstics 
of the Iandfilled material and the sumnmdiag enviroommt These characteristics ire : 

euonl i ryqfOgonkbf~1  '+a 

The most signilicaat factor driving hd6U methaoe is tbe qua&&' of ~ ~ m i c  malerial, 
such as paper and food and yard wrstes, avail& to sustain -mg nticrmgdnisms. 
The metbane prochrctiou crp.eity of 8 h a d ~ l  b dirret)y ~ww€~II.~ to its quantity of 1 
organic wastes. Melhane generdtim imrcaxs as wastes W&UC to bdunped and gradually 
&clines after the site stop d v i n g  waste. Howmr, landfills may toetinue lo generate methane 
for daades even after their closure. 

hhrrnrnenls 
genenting bacteria md nitmgm, p h o s p h ,  Su@lII, m i u m ,  ~~ calcium 

for cell growth. 
Moisture Content 
The bacteria need water &so fcf cell growth and metabolic reactions. Landfills receive water 
from incoming waste, surface water infiltration, ground water infiltration. 

US E ~ S S -  i m m m  : lnvmk&s. Projecbon and W* ~~ 
* ~ o n ~ g a s ~ ~ t ~ ~ b o n & ~ ~ b o n : N e ~ a & a g s n ~ ~ e n e r g y a ~ ~  
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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 manage-t lies exclusively 
with the urban local bodies, that is, municipal g o v m n t s .  However, the municipalities in most 
states in lndia an not statutorily respomible for collecting garbage fmm the households. They usually 
perform the third and fourth s tags  of the SWM function. 

Govanment of India hits brought out Gazelte Notification in September, ZOO0 on T h e  Municipal 
Wastes" (Management and Handling Rules, MOO). Thex rules shall apply to every municipal 
authority responsible for collection, segregation, storage, transportation, processing and disposal of 
municipal solid wastes This 'Notification' will be discwed in greater detail later in this status report 

Solid Waste Management (SWM) usually r e f a  to the collection, recycling, resource recovery 
(canposting waste to energy, etc.), hansfer, and disposal of municipal solid waste. 

major activities involved in the management of MSWs are the following : . Colkction 
Tnnspo~iation 
Disposal ofwastes 

TheJe 0 activities can be fUrther subdtvided into the following : 
i. Wastcgcnera(p0a 
ii. Waste Whg s d n g  and storage and processing at source 

iii Collectim 
iv. Sorting, processing and wnsportation 
v. T~ansferandtranspat 

vi. Disposal 

7be interrrlatiodip behvan &c diffamt activities in the MSWs mnagrmnd process is 
scbcmstiwlly depickd in the Figwe 2 
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The task of collecting garbage from households and taking it to a cdketion point primarily is an 
activity performed by the hcuseholds themselves. In many cases where the residents are economically 
bmer off and hygienically conscious with active resident welfare associations (RWAs), efforts are 
made to organise the collection of garbage from each household and hansport it to the collection 
point. These efforts. although still nascent, are now visible in many cities of India. 

lnstmces of finding door-to-door colkction of p b g c  are more in group housing societies, people 
staying in hi$<& ap~!m+sts and RWOs in colonies of individual houses. In mLstof these c h  
safaiwallas (cleanm)ille employed privately who collect garbage ,from every houscholil and transport 
it to a common collection point from where the municipality picks it up. In k t ,  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 muaicipafity provides the 
faeility of door-todoor collection of garbage. In Mumbai in many high-rise apartments, the g a h g e  
b m  all the hets is colkcted and placed in large bins at the entrance of each apartment. The 
municipality pickup vehicle comes at a predecided time to collect this &ge. In many areas, the 
pick-up vchick announces its arrival by ringing a large bell or blowing a horn. This method of 
collection prevents the accumulation of p b g e  at round-the comer collection point. In Mumbai, a 
maja nuisance is thus avoided since the humidity in the abmphere causes the gahage to degnde 
vcry fart kadmg to unhygienic conditions. In cities like DeUu, the d e c t i o n  points do become an F~ 
cysore especially if the municipality does not collect garbage regularly. The garbage is seen to spill 
out m the adjacmt road attracting -Me, flies and other stray animals. 

Ibe practice of garbage collection limn bouseboids ceases in most d p l d  and unautbonsed 
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 karmacharis. 

A stage between the c o b t i m  of gsrbage and its disposal is that of resoura recovery. The 
municipality in any city in lnma does not do segmptim of gmhgc iabo bhkpdabk and non- 
biodegrsdable waste. Since the miurns of gabage handled by the d i p d i t y  is very large, it would . , 
be a very labour-intensive job. Segre-, however, does happen in an informal way befm the . 10 

garbage is disposed. In dow-todoor coII&tioo of gmhgc, the wMtnrs involved remove all recyclable 
itam that have a , ~ s a l e  value like plastic item, unsoiled paper, metal pieces, glass, etc. pgpickers in 
every city, of fowie, most efficiently perform segmption. 

\ 
In India, pape~, piastie, glw, NbbOS, faTOlLS and non-ferrous metsls - all the matexid that can be 
mqcled - are salvagnt fram the waste to pmduce low-cost produets &cnsk€y used by the lower- 
income pups of the society. Of the wide m y  ofncyclablc matmal pnrmt in the Mian b o u 4 0 M  
waste, it is paper and plastic that get maximum attention, because the two togetk fonn the single 
I- component of household waste. The reusabk materials arc sold off in waste recycling cenhrs, 
which are small-scale industries. 

The municipalities, however, are unable to take up any projects on segregation and mycling due to 
the high costs involved. Segregation of waste into biodegradable and non-biodcgradabk is done more 
efficiently in programmes mn by NG05. A few efforts have been initiated by NGOs to involve 
households in separating the garbage into bio and non-biodegradable waste. However, these efforts 
have never paid off. Such efforts were tried at residential areas of highly acackmic and aware people 
like IIT and JNU in Delhi, but they have not been sustained. Ultimately paid w d a s  have to be 
engaged in the lask of waste segregation. 

Secondary Transportation of Garbage 





L x k  of a scientific and eflicicnt Municipal Sdid  Waste Manabwment (MSWM) systan in most of t l~e 
cities and lowns poses a serious heallh and environmental problem. Therefore there is an urgent need 
to improve the MSWM by capacity bvikli~~g of the municipal managers to modemise (i) collection, 
(ii) transportation and (iii) disposal systetns with a view to wastes minimiition and reduction of 
methane emissions. Such a MSWM system must reduce the local and global environmental impacts 
of municipal wastes and should operate at a cost acceptabk to community. 



REGULATORY PROVISIONS OF THE GOVERNMENT OF INDIA 
FOR MANAGEMENT AND HANDLING OF M s W  
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. diversion of stom? wdter drains to minimise ieachate generation. prevent pollution of surface 
water. and also to avoid llooding and nlarshy conditions . a non-permeable lining systent at the base and walls of waste dispasal areas is to be provided with 
high density polyethylene (HOPE), geo-membrane as per specification given in the 'Specification 
for Landfilling' . provision for management of leachaks collection and tdbnent 
prevention of run-off fium landfill area ct!lm.ng any stream, river, lake or pond 

Water Qadi@ Monitoring 

As regards water monitoring, water quality baseline within 50 meters of the periphery of landfill site 
should be established and recorded pmperly for future reference. Monitoring of water qualily has to 
be taken up within the 50 m of the periphery of landfill periodically to ensure that ground water is not 
contaminated beyond acceptable limit. 

Ambkot Air Quality Monitoring 

Landfill gas control system and collection of LFG are needed to be installed at the landfill site to 
minimise odour generation, pment off site migration of gases and to protect vegetation planted on I 
rehabilitated landfill. 

Plantalion at Landfill Site 

T k  landfill site when exhausted has to be provided with vegetative cover. 

Closore of Landtlll Site and Port-Care 

As pa the noScation, postzlosure care of landfill site has to be conducted for at least fifteen years. 
A long term monitoring or cam plan should consist of the following : 

. . .  mamEammg the kt@& & effechvmess of 6 d  c o w  on the landfill site 

mmitaiogkachatccdkehon 
monitoring gronnd wata as nquired under the provision . ~r~maintaining and operatmg the LFG cofleetlon system to mctf the stsoder8' 

Tbe Notificsticm stipllates conplianse criteria f a  the municipalitk as fokws : 

Disposal of MSW 

Landfilling must be mmcted 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 midues of 
wastes processing facilit~es as well as pre - processing facilities. 
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tuchnolou are : 

Size of consr~tuenls 
Density 
Moisture content 
Mixed carbodinert content 
Calorific value. 

in the dnrloped puntries have well w i s e d  war@ managRncdL-system. Lbtil some p n  
back landfill had beem the accepted system of waste disposal in moil develeped countries But there 
is now a general bend worldwide to discourage disposal of combustible and organic wastes into 
landfills. Some of the countries like Austria, Belgium. Canada, Dmmsrk, Finland, France, Germany, 
NeUlerlands, Norway and Sweden have alrrady banned landfills or have decided to reduce reliance on 
landfills. Landfills occupy nry large space and also create some environmental problems. The 
wastes produce methane, which is a gnmhouse gas affecting the ozone layer. 

Ineindon is becoming more poplar with gowing 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 
MI after the process is substantial and have high concentration of toxic materials. It is found that by 
gasifier s p a n  of proper design (Lmd on pyrolysis process) it is pssibk to procm MSW with 

'1 
extremely low contaminating emisdon and v q  low left out after the process. The gas produced can 
be d i y  wd in an IC engine. However, factors like greater capital, operation and mainle~nce 
cost and also fkquent changes in pollution control regulations are retarding h e  widespread 
applicatim of such plants. 

Tbe idhm Scene - Potmth1 ef Power fmm MSW 

The urban amas of India produce about 30 million tons of solid m t e  from household and 
commacial activihes every par. It is &hated that there is a potentin1 of gemating about 1000 
MW of power, from MSW in India. If this potential be effectively used, it will oot only contribute 
sd&&alIy to the overall p o w  -tion capacity but wll also give a good nhon on investment, 
apart M improving the envkmment 

But so far thc vast & potgltial of MSW of urtrPn areas of the wtmby remahrs almost &ally 
untapped. Unlike in developed wunhics, the waste of Indian cities have a high !?action of degradable 

L. . organic matter, between 35% to 75% of &age compared to only JP/o to 15% of U.S.A and U.K. 
' As such, gahagc of Indian cities has a veiy high cnqypotential. 

. . 
l h e  sn at least 7 &tic companies offering technologies andlor turnkey project services for )- 
implementing municipal solid waste treatment and disposal projects in the counhy. Of these 
conyank., only Excel Industries Ltd. has been able to successfully implement projects to produce 
compost based on the aerobic pnncss. Excel Industries Ltd. has almost 60 percent share of the 
conpatkg  techlogy market in India at present. The company has developed the low cost 
cornposting technology indigenously and has been able to make an impact on the market, creating 
mom demand fbr its technology. Tbe main ratson 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, 
mon capital intensive technologies such as Biomethanarion and Sanitary Landfilling. 

This market was vinually non+xistent until a few years ago. Several key factors and pressing 
environmental concerns led to the creation of this market, wh~ch has beer! growing at a fasl pace. The 
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major bctors' that will lead to mrkct growtll and are likely to play a donlinant role in the future an- 
as follows : 

. Strict environmenial regulations enforced by Central Pollution Conbol Board and the Ministry of 
Environment and Fofesis. 
Judicial intervention by the Supreme Courf of India, directing municipal corporations 1 Urban 
Local Bodies to ensure better municipal solid waste management. - Fi-ial and fiscal incentive5 offered by the Ministry of Non - Conv+ntional Energy Swrcn to 
encovngc the pmmorion ofwastcfo-eneqw projects b a d  on municipal solid waste. 
74th Constitutional Amendment Act empowering the urban local bodies lo take independent 
decisions on promoting municipal solid waste disposal and treatment projects. . Emphasis on privacisation and allowing-private entrepreneurs to promote such projects on Build- 
Own4petate and Build-0rm-Operate-Transfer basis. 

Various technologies an available for utilising MSW profitably and t h y  can be classified under the 
following heads : 

Biological option (witb or witbort t k  aid of oxygen) 
9 Cornposting 
9 Biomethanation 

Physko-ckrnical option 
9 Penitisation 

Thermal option 
9 Pyrolysis 
9 Gasification 
9 lncinetation 
P Plasmaarc 

A11 these apiiom of& processing and recovery of energy md otber useful produa~ arc discussed 
one by me. Their comparative advantages and limitatim have also been highli&tcd 

Cornposting 
Contoosting can be delined ts the biological deomqxdon of Uw @ consiituents of 
A& ~nd& cosm~kd cocrditionn  his +em can tpke place in tbe pesenee or atmncc of 
oxygm, that is, d i c  or anaerobic composting Aembic compostin& if e f i i c i y  &ed out, 
can -idly produce a pathogen 6ec pmducprodue$ anaerobic ccmpo&g nqui'es more h e  and is 
seldom 6.ee of pathogen or odour problrms. 

Tbe end pmduel, organic manure has a very p d  ~cceptabib  among the farmm for 
agriculhm as well as h o r t i c ~ ~ c m p s .  The organic manure improves soil fhtity, soil texture 
and water retention capacity of soil, t b e ~  by increasing produaioa 

There are two main groups of organisms, which decompose organic mann 
Anaerobic bactma which work in the absence of oxygen, and 
Aerobic bactena which work in the presence of oxygen. 
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Immediately prior to k i n g  intduced into the reactor thc fccdstocli is purbd with an inert ga.s 
such as carbon dbxidc. in order to renmve the entrained air. l l ~ e  reactor operates at a very high 
tempnature and the feedstock is gasified. Any solid c&l or ash produced during the reaction 
is removed by (he separator system. 

The produced gas is quenched to ambient temperature immediately as it leaves the reactor by 
dirst  injection and fu*r cleaned by a wet gas scrubber util~s~ng sod~um hydroxide. The gas 
thus produced is suitable for being fed into a boiler or another prime mover for power 
generation. 

IMher&OU 
It is .the process of direct burning of wastes in the p-e of excess air (oxygen) at high 
temperatures (about 8 & ~ )  libmating heat energy, imrt gases and ash. Net nmgy yield 
depends upon the density and composition of waste, percentage of moisture and inert materials. 
which add to the heat loss, ignition temperature, size and shape of the organic maIter into hot 
air, steam and hot water. 

Incineration is a thermal process for burning the waste at a very high tempenhm. It requires 
high calorific value waste, which can bum without any external fuels Indian waste contains 
only 3-7% of combustible material like pplastics, papa by the time the waste reaches the 
disposal site. This is principally because most of the matmiat that can be bumed; is reconred 
by the ragpickers from the waste lying on the streets, dust-bins and dump yards. Thus calorif~ \ .-~ 

value of  Indian waste at dump yards is found to range from 800-1000 KcaVkg, which is very 
low. 

rite comlpstion temperature of conventional ineinerators fuelled only by wastes is- 7600C 
in the furnace (insufficient to bum or even melt glass) and in the excess of 870°C in the 
secondsry combustion chamber. These temperatures are needed to amid odour from 
inconpk combustion. T~~ upto 1650°C, which would reduce volum by 97?? and 
convext metal, and glass to ash are possible with supplementary fuel. Wastes bum& solely for 
v o h  &on may mi need any auxiliary fuel except for start-up. 

The incineration technology is not exactly suited for lndian MSW~baause of the high ash and 
dust contenk of Indian wastes. Excessive moishne and itmi content in waste atfccts net mergy 
reeovcry, auxiliary fuel may be nensssry to suslqi!~ combtion. T k c  arc chances of toxic 
metal conaohatMn in the ash. In addition to partjplate, SO, and NO, enisions, chlorinated 
cohpounds ranging from HCL to dioxins , and heavy metals are a cause for eorran; which :. 

requirrs elaborate polh~ttiqp conhol equipment. Additionally it involves high opentioll and 
mgintensna forts as well as a lot of money has to be diverted for trainii the pmonnel to 
hPndk the i n c b x a t ~ ~ ~  effectively. Incineration of MSW thus results into a lot of nir emissions 
and for adequate control of such emissions a lot of pollution control equipment need to be i 
iastallcd All this adds up to the cost 

Sanitary landfilling is an engineered method of w i n g  solid waste on l a d  in a a that 
minimises environmental hazards and nuisances. It is a controlled disposal of solid wastes on QI in 
the uppe layer of the earth's mantle. 

A sanitary landfill site should be carefully selected, designed and prepared. The wastes are to be . ~ 

spread in thin layers, compacted to the smallest practical m h  and at least at the end of each 
operating day, covered with eanh, which is also compacted. In India, however, Uwe 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'. 
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inincnl conlcnt 01-tlx g<nind watcr through the dissolution of calcium a d  magresium carbonates. 

The movement of gas asn landfills can be controlled by lnstall~ng gds recovery welts in landfills Clay 
and other liners are used where landfill gds is to be recovered. In some C w ,  leachate is collected and 
recycled to the top of the landfill and reinjected through perforated lines located in the dramage 
trenches. 

Initiative of Government of India 

The Minishy of Non Conventional Enrrgy Sources (MNES). G o n  of India h& identified "Energy 
from Waste" as one of the thrust a m  opik rrNviHes and has initiated a ' N a t i ' '  Programme 
Fmn Urban and Jndushy Waste'. &sides this the Ministry has launched an UNDPIGEF (United 
Nations Development Progamme I Global Environment Facility) sssisted project entitled, 
'Development of High Rate Bio-methanation Rocesses as a Means of Raduckg Green House Gasa 
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 I fiscal incentives. lmprovlemeot of waste management practices (with special enphasis on 
generation of energy from waste wherever possible) by adopting l a m  w d  clean technologies is an 
otha imptamt objective of the pro-. 

Shhs of Municipal Waste to Energy Projects in India \ .  

During 1984 a plant f a  processing 300 tomes p h a g e  to produce about 3 MW of power was set up 
in Delhi with technical assistanrr 6um Denmark 7he plant wzs not succgshrl. 

The Minishy of N o m c o n v e o t ~  Enagy Sources (MNES) has lnlrcn new initiative in the shape of 1 

National Ro- for recovery of mngy from Urban and Induslrial Waste. Under this prograrmne 
a numbex of "Waste to Energy" projects have so far been compkted m the counhy with an installed 
capacity of 16.2 MW. But most of these projects are based on industrial wastes. 

have been sane in the sphere of gemption of- Fmn Mcmicipotl Wastes as 
well. NEDA her a h  trrroceed sn ambitiw pogmme for pmmOtan of ckkicily -tion from 
Mmicipal Solid Waste (MSW) availabk in mjOr t d c i t i e s  0fU.P. 

Govcrnmnt of Mia hPS anwmcd varicw iOanhvu f a  setbng up MSW basal power projects in the 
ccmnm. h~ ~n of camrrc in l  Dmioctc. fmancial assistance as intncst subsidy f a  dwiw the rate of 
& for the en& loan tepa-t p&i& to 7.5%. capitalid at an d digouot & of l2?? is 
availsbk tlnrmgh financial idtutiom The maxiRlum eligibk subgidy ermrmt vpricr from Rs. 1.00 
aorr pr MW to Rs. 2.00 crore p a  MW depcnding upon the type of the basd project 
Capital subsidy upto W'? of he projst cost limited to Rs. 3.00 cnm per KW is ofso ava~lable f6r som 'I 
damnshation projects. Financial incentives at the rate of Rs. 15.00 Lss pa MW to Municipal 

I 

t h p a t h  for Providing MSW 6ee at the project site and land on loag lam lcas (30 years on 
nominal charges) is also available. lhis is in addition to Rs. 5.00 lsclMW imedkei to Nodal 
DepsrbrmVAgency for promotion aad axidination of wasfe-to cnagyprojeda 

la l i  with MNES guidelines. U.P. Stale Government has also dcelarcd 8 @icy f a  gemration of 
power h m  biomass including MSW. VVsrious modifications wcn atso done m the policy to make it 
more attractive. Specific guidelies 1 p d k y  for providing land and MSW by N a p  Nigams required 
for generation of power from MSW wen also declared. As per the policy of the State Government, 
the following major incentives are available for setting up Municipal Solid Waste based power 
projects in Uttar Pradesh. 

Purchase of electricity by U P S E W P C L  as per the policy of the Stale Governmatt 
Roviding land for setting up MSW plant on lease at the rate of Re. Ilm' per year 
Providing required quantity, of MSW at dumping site 
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conditions 
Lack of adequate fina~icul resources of Urban Local Bodies and Sure Govts. (D meet even a part .. 

of the project cost . Lack of concrete I long term stralegy at the level of State Governments as also absence of clear 
cut and conducive policy on waste 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 





By increasing uptake of VFAs. Ifowever. the rate at which fatty acids are taken up by tllc z 

 neth ha no gens is an i n k m a  property of the organisms. It depends on their specific growl11 rate 
and cannot bc increased beyond a cerlain 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. 

Tabk 9 : Evalua(ion of Bmmethaoatioa 

Biometbuatba Projects - Case Studies 

Me& 
1.. 7he treatment t a k s  place in n closed 

container. h e  the entire -tion dm 
noc gct affected (luring niny -. 

2. nK rmbncnt is fm fmm bad odour. 
mdent, fly menace. visible pollution and 
easy to manage in hygienic conditions. 

3. Generation of gaseous fuel and soil 
conditiam. as end products. 

4. Moduhr cmsmckh of plant anf closed 
mamvnnccd.tcpitPndyr* 

Case Shdy 1 : N w n r  Mookipd Corporation 

Demerits 
I .  m e  pmmr does noi treat the whde wwe, 

only the or-pnic fraction is bcated. 

2. It is unsuita~e for wssteJ containing low 
organic materials a recycled malerials. 

3. lhe biagas gcnmtion depPdr upon the 
composition and nature of organic fed 
into the ma and design of the 
ma. 

4. Some amount of is rew id  to make the 
feed slurry. Water may be high if 
it is n e m s v y  to opnte  the d i m  at a low 
solid mntmt. 

5. C d  is a maja bnrria because it is much more 
capital intensive than cunpmting in mort of 
the casa. 

'Ibc Nsgpn Municipal Corpaation plans to beat tbe city MSW through b h d m d h  wing a 
Belgko technology called the DRANCO (Dry Anaerobe Compostmg) process. nis prc$ect would 
generate 4.75 MW of electrical power by processing 520 tonms of MSW everyday. mis would 
additiooally generate 150 tons of sludge. 

Tbc DRANCO pmccss comkh of a thcnnophilic, onephegc amat& f e f m b a t h  step, which is 
followed by a b rcIobs conparting pbase. B e h  the waste is fed to tbe d i p h r ,  it passes a pre- 
treatment, where tbe palick size is &ed to a maximum of 40 mm in two dimnaions and imrt r .  j - 
material is taken out of the waste sheam The digestbn takes place in an uprighf closed fermenter, 
which is fed 6om tbe top and fium which the material is extracted at the bottom. Before the hsh 
waste is pumped into tbe fnmenter, it is mixed extematly with inoculum. lhis inocufum is digested 
d u e  coming from the f-ter. Dtlring this mixing, steam is added into tbe mixing unit to heat 
up tbe substrate to a temperature of about 55% which is needed for the themophilic digestion. 
During tbe anaerobic digestion phase in the enc lod  digestor, the degradable organic material is 
converted into biogas. 

The digested residue is extracted from tRe digestor, dewatered lo a dry matter content of about 5O0C 
and then stabilised aerobically during a period of approximately two weeks. 

Table 10 : Salkot Features of the Project 

I I Nameoftheproject I Mmicipl Solid Waste to Eaergy, Nagplr 

2 1 Mode of implnrrnlation I BUILT. OWN, OPERATE I 



Tbc BIMA digator is m avmbii digestkm syslan Tbc sskmc k.bm oft& BIMA n 
afdlms: 



Illere arc no nnwing parts i'or mixing; so this wduces installation. service and maintenance costs 
nKlr are no narrow pipes inside the digestor; so clogging dwu not occur 
The main chamber of the digestor can take wastes with a dry matter content upto 12% ; resulting 
in shorter residence times, smaller volunles and a reduction in investment costs 
No short passes are possible in the chamber system and hence there is a plug flow eflect 

BIMA digeston can be operated at mffophilic (15-3S0 C) or themophilic (55-65- C) temperature 
ranges depending on the type ofsubstrate and the process requirements. 

It is also possible to d a i s  a two slage anaerobic digest~on ~f l~g~ired. i h e  methane eonlent of the 
gas is W S % .  

The BIMA digestor is divided into Lime separate sections, and inter connected to provide passage for 
flow of liquids and gas. Tl~e Uuee chambers are the main chamber, the uppa chamba and the cenkal 
tube to which the feed pipe is connecled. 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. Bv closinp. an automatic valve in the gas pipe between the two c h a m h ,  the gas produced 
in the main &amber-stays there, which ip turn dEpi&s an equal amount of digested subshate to the 
upper chamber. This builds a level difference. When the required level difference is achieved, the 
.& is releaSddto the upper chamber by an opening in the Mlve in the gas connecting pipe. Thus the 
-substrate displaced in the upper chamber flows back to the main chamber with high velocity. A 
portion o f  the waste flows to the main chamber through the mixing shah. On account of this frsh 
subshate, scum and sediments an perfectly mixed with the contents of the main chamber. Thus the 
new pic-hyhlysed subshate is mixed with active biomass in the digestor. h t h e r  portion of the 
digested subskate, which flows through the mixing shafts, porn onto the surface of the main 
chamber, thus avoiding scum 

This paknted way of mixiig ensum tbat the mcst important of !he hedigestor are optimally 
controlled by : . The hnbulmt mhring of the S l h l I S k  

% dismiution of degradation products from the bacteria as well as the optimum supply of fresh 
subshate to them 
The conml and stirring up of scttlod shd* 
The conml, de&mying and mixing of the skhrming 

C u e  StDdy 3 : Tah Energy Rwarcb institute (TERI), New Delbi 

TERl has developed a two4ap process consisting of acidification and mclsanation, called the 
TEAM process. The shdy has been mducted on mixed vcgctsble westc ; cauliflower, cabbage . 
radish . spinach , mustard and c m t ,  pmved 6om a local vegefable ma&& AMerobic batch 
digestion of this waste has been done st 5% TS colrmeation in a 10 litrc capcity digestor. 
Digestion of waste after 47 dap resuhed 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 was& slurry was approximately 65%. 
Degradation of the waste was also shldied in a solid bed reactor of 64.3 I& capacity by sprinkling 
waster at regular intervals. The COD of the leachate obtained fmm the solid bed digestor ranged 
between 1500-25000 mgl. 

a. Details of the technulogy 

The TEAM (TERl's Enhanced Acidification and Methanation ) process is a two - stage p m s  
consisting of acidification and methanation. In the acidification p k ,  the aganic contentof the solid 
waste is leached out to make a high strength liquid of 20,000 mgn COD by decomposition of the 
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rslcrilhcrmbuurqnhtlbqlofraM. f n 1 & ~ i m + t & j b i & ~ ~ ~  
Ircabd m a high tak UASB (Uplbw A d  Stndg Manta) - (o pod.a 
sludgc podvtd slkr digrtian is drial lo pobcc g m d  gtolity rnunrr 



CONCLUSION 

Municipal solid wasfe and its improper handling and disptsal m&& pme a serious threat to human 
being and their environment. A large pa11 of tlle total waste generated in India is simply dumped in 
open dumpyards giving rise to unhygienic surroundings, health hazards, contaminators of ground 
water. an unclean look to the eity, generation of methane which contributes to global warming and 
other obnoxious gases. A proper municipal solid waste management system is a major challenge in 
the protection of local and gfobal environment. 

A number of technological options to mini~nisc the municipal solid wastes and d u c e  emissions of 
-. The municipal managers need to be given adequate expowe and tiaining to these 
technological eptions for application in their municipalities to minimise wastes and reduce methane 
emissions, At present most of the municipalifies are conshainad due to lack of financial resources and 
inhastructure facilities to introduce modern municipal waste ~nana-t in the municipalities. 

Keeping in view &e ever-gmwing probtem of solid waste gm+ntia5 its maftagerneot and ~rsociatcd 
impacts, the Miniisby of Environment and Forests has brought out a set of guidelines for the 
municipalities for Management and Handling of Municipal Solid Wastes. These guidelines concerns 
(i) collection, (ii) segregation, (iii) mge, (iv) disposal of mmicipal solid wastes in sanitary 
landfilling The notification makes it obligatory for the municipalities to mhict  landfilling to non- 
biodegradable inert waste, and other wasles that are not suitabk eimer for recycliq or for biological 
pocessinp, With this in mind, the guidelines also prohibit to dump the biodegradable component of 
tbe waste into the landfills, thereby avoiding a chance to methane peaation. 

Under the present cirrmwtaqces. and, in view of the Gol Notificatiw oe the disposal of municipal , 
d i d  wastes, there is hardly any scope for recovery of methane h laodfilk for rc-csw for q. 
purposes. The best technological options to reduce metham ernitsicas for sucb wastes is to adopt an 
e5eient solid waste mi~~gement system to ieduccs wastes and adopt the technological options 
already we!l kno& in the country for dealing with wastes to weahb. Options Kke bionwhanation, 
howevc~, offer oppommities for waste to energy recovny and avoidance of methane generation. A 
city, bwever, 'oads huge m u n t  of fmancial ~swrcs to adopt any of tbe technologies mmtiwed 
above for handling its sold waste. To address to the pmblem, involvement of private sector is a must 
and gmrnmnmt policy should provide support for this. 




