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Foreword

yTAEA8O DOAOGAT O AT EOOEITO AOA AAT 60 c¢hmmm | I
those fOEA 5838 AT A #EET A8 %wOAT OET Ofehiter,itibthil EO OE A
by a distance, with just 686 of the total emissions. Even under robust growth scenario

AOOOI POETTOh )T AEA8O AT EOGOEITO ET ¢mom AOA A@bPA.
or3t OITTAO PAO AAPEOA8 9AOh OEA Al O1T OOUBO AT il EC
grounded in Copenhagenwhere India committed to reduce the emissions intensity of its GDP

by 20-25% by 2020 in comparison to 2005 levels.

Severalstudies since have shown that the proposed climate mitigation efforts of India appear

modest in the face of the enormity of the climate chamgchallenge Statessuch asKarnataka,

meanwhile, have begun identifying areas of action via the State Action PlaWsrnataka prides

itself on being a progressive state. It is the fifth most industrialised in the nation and boasts of a

flourishing services sector. As Karnataka proceeds on a path of accelerated developméist,

demand for energy, water andother natural resources will grow rapidly; local and greenhouse

gas emissions too will grow. In this context, this repottO4 OAT OEQOEI 1T ET ¢ OI xAO/
AT TTiuU ET +AO1 ACAEAG6h DPOAPAOAA AU OEA #Al OAO
(CSTEP) under the aegis of Prof. B. K. Chandrashekar ahd Bangalore Climate Change

Initiative -Karnataka (BCCIK) and supported bythe Global Green Growth Institueé (GGGI) is of

utmost value and importance.

This report highlights that to balance its longterm goals (environmental sustainability) and
short term objectives (economic progress through industrialisation and job creation), the state
will have to pursue agreen growth paradigm.Access to modern energy serviceand resources
for industrial growth and urbanisation needs to be prioritised. However, the focus needs to
equally be on technological changes to improve efficiency and reduce the rate of emissions
growth. The state can da lot more to alleviate the stress on the climate and the environment
while ensuring its developmentthrough effective policyformulation and implementation.

I would like congratulate the researchers fortheir pioneering analyses. Sesral other Indian
states canalso draw important insights from the approach and the analyses. | sincerely hope
that the recommendations for Karnataka are put into good effect by its policymakers.

A

Dr. Anshu Bharadwaj






Acknowledgement

The authors would [ke to express their deep gratitude to Professor BK. Chadrashekar,
Chairman, Bangalore Climate Change Initiativé&Karnataka,Siddarthan BalasubramaniaCountry
Representative(India), Dr. Prasoon Agarwal Senior Advisor, and Ajith Radhakrishnan Senior
Advisor of the Global Green Growth Institut GGGI)Yor their support in the conceptualisation of
the study andregular stakeholder consultations.Their understanding of research gaps and the
need for such a study helped us refine our research questions am attempt to make it most
meaningful for the policymakers. In particular, we are grateful to Dr. PrasoorAgarwal who
despite juggling multiple roles was always ready to offer his perspective with his deep
knowledge of the energy sector and the world aénergy modelling.

The support and encouragement from Dr. VS. Arunachalam, Chairman, and Dr. Anshu
Bharadwaj, Executive Directoy of CSTEP is immensely appreciated. We are grateful to our
colleagues in particular z Mohd. Saquib, Anantha Lakshmi B, Sapak Ghosh, Deepthi Swamy,
Shrimoyee BhattacharyaMeera Sudhakar, Thirumalai NC, Sujaya Rathi and Dr. S. S. Krishnan
for their expertise in different energy sectors and their invaluable feedbackSpecial thanks to
Shyam SundalP, Senior Research Enginegfor helping usformat this report. We thank Dr. KC.
Bellarmine, Chief Financial Officer, for guidanda project management and deliverables.

This report benefits from insights on current state of affairs and probable future course of
Sh. S. V. Ranganath, Former Chief Secretary, Government of Karnataka, Sh. Kapil Mohan,
Managing Director, Krishna Bhagya Jal Nigantitd., Sh. P. Ravi Kumar, Addl. Chief Secretary,
Food, Civil Supplies & Consumer Affairs Department, Sh. G. V. Balaram, Managing Director,
Karnataka Renewable Energy Development Limited, and Sh. M. H. M. Sriprakash, Executive
Engineer, Directorate of Municipal Administration.

We are also indebted to DrNavroz Dubash, Senior Fellowand Anu Jogesh, Senior Research
Associate of Centre for Policy Research, Dr. Sarath Guttikund&punder-Director and Puja
Jawahat Director, of UrbanEmissions.info, Yubaraj SenGupta, Senior Associate, ITC Infotech and
Ankit Singhvi, Director, NN4Energy for their expertise and timely advicen different energy
sectors.Dr. Jason Eis, Former Deputy Director, GGGLondon office needs special mention for
reviewing this report and providing critical feedback.

Finally, we would like to extend our sincere gratitude to the Communication and Policy
Engagement team at CSTEPespecially Bhawna Welturkar for design support and Dr.
Annapoorna Ravichanderfor editorial support and efforts to generate visibility for our research.






Contents

EXECULIVE SUMIMIALY. ...ttt e e e e e e e e et e e e eaaaaaaeeaaaeeaaessesassaaaaa s nnnnssnneeseesrsnranseneeeees 1
Tt To [FTot i o] o DO PP P P PPPRRPPPI 3
The BUSINESASUSUAI SCENAIOL........eiiiiiiiiiiiiiiie ettt e e 6
SECIOTAl ASSESSIMENL. ...ttt ettt e e e et e e e e e e e e e e e e s b nr e e e e e e s anbrnreeeenan 6
10 (U] 1 /PP PSP P PPPP T PPOPPPPRPP 6
101 [0 [ 0o L= PP PP OO PP PPEPPPPPPPPPRRPPP 7

LI T 1] 01 O 9

F o (o U (U = 11
oY ST 0T o] o] Y 13
CroSSSECIOral ASSESSIMIENL.....cciiiiiiiiiiiii ettt e e s e e e e e e s e e e e eeeas 15
FOSSil FUEI DEPENUENCE........eeiiiieiiiiiee ittt e e e e e e eas 15

LT LT ST ot T o YOO PP EPPP P POPPPPPPPP 16
Environmental Degradation from Waste Generation............cccccccvvivniiiiiiieiieeeeeeeeeeeeeeeeens 16

AL POIULION. ...ttt e et e e s e e e et e e e e s 17
GreenhoUuSE Gas EMISSIONS.........uuiiiiiiiiiiiiee ettt e e et r e e e e e e 18
The Green GroWth SCENANO........coiiiiiiiiiee e e e e e e e e eeeeeeaan 19
0T TP SRPPPRPRTPPT 22
FOSSIl FUEI DEPENUENCE......ccoeeiieiieieeeee e e e e e e e e aaaaaas 23
Water AVAIIADIITY..........uuiiiiiiiiiii e 24

Tag o= Tex ao] o T -1 o Lo RO 24

AT QUABIITY. ..ttt e ettt e e e e ek bt e e e e e s a bttt e e e e e e nbr e e e e e e e e aane 24
GreenNNOUSE Gas EMISSIONS........uuiiiiiieiiiitiiiee ettt e e e e e et r e e e e e e 25
Evaluation of Green Growth OpPPOITUNITIES .........eeiiiiiiiiiiiiieee e 27
Green Growth BENefit CrItEIIAL .........oouiiiiiee e 33
FINANCIAL CIIEEIIA. .. eei it e e e e s e e e e e e e e nnnnes 35

[ AT 15T (0] o F PP RPPP P PPPUPPRRTR 37
TRIUST ATBAS ...ttt e e ettt e e e e s e e e e e e e e e e bbb e e e e e e e nnnneees 38

L= L=To (o (=T VTP O PP RPPP R TPPPPPI 38
LOW HaNGING FIUILS. ....coiiiiiiiiiiiiie ettt e e e e e e e e e e e 38

[y =T 1T T N = T OSSPSR 40

The WAy FOIWAIT. ..o et e e e e e e e e e e e e e aaaaaaeeesd 42
Industrial Energy EffiCIeNCY.......covviiiiiiiiiiee e A2

LU [To I = U 1= o 1] o P 42



LT PP P PP PPRPRR 42

T&D LOSS REUUCTION. ...ttt e e e e s e e e e e ees 43
KNOWIEAGE GAPS.....ccoeiiiiiiiee e eiee e e e e e e e e e et e e e e e aaaeaaeaeaeeeaeesssaasaaasssannsnnessrernenenes 54
(2] ] [ToTe =1 o] 0| 20 PSR PR 55
Appendix 1: Wind Potential in Select Districts in Karnataka...............ccccoceccinviiiiiniieeieeeeeeeenn. 58
Appendix 2: Marginal Abatement COSt CULVE.........ooiiiiiiiiie et 59
Appendix 3: Payback Period ANAIYSIS..........c.uuuriiiiiiiiieieee et 61

Appendix 4: Weights for PriortiSAtION. ..........ccuuriiiiieiiiiie e 63



Table of Figures

Figure 1: GSDP and Population Projections for Karnataka...............ccccccccee oo, 4
Figure 2: Approach to Greedomy Srategy..........occvrrririeeriiiireie e 4
Figure 3: Sectewise Industrial Energy Consumption in BAU.........ccoevvriiiiiiiiiiiieeeiieeeee e 1
Figure 4: Electricity Demand from Buildings in BAU.................o oo 9
Figure 5: Sensitivity of Pumping Energy Demand to Water Availability................cccovveeeeennnne 12
Figure 6: Electricity Generation with Improved PLES............ccoiiiiiiieceeeeeeeee e 13
Figure 7: Share of Fuel Sources in BAU.............ooo i 15
Figure 8: GHG BSSIONS IN BAU.........oiiiiiiiiiiii et e e e e e e e e 18
Figure 9: Sourewise Electricity Generation in BAU and GG (2030).......cccovviiiimrireeeiiiiiieennen. 22
Figure 10: Fuekise Installed Capacity iN GG.........oooooiiiiiiiiiii e 23
Figure 11: GHG Emissions RedUCHION IM.GG.........coooiiiiiiiiieieee i 25
Figure 12: Approach to Assess Green Growth OppOrtUMILIES.........cccvvviieeeriiiiiiiieeee e 27
Figure 13: Scores of Green Growth Opportunities in INAUSEEY.........vvveeveeeiieiiieiiieiieeeeeeeeeeeee 34
Figure 14: Scges of Green Growth Opportunities in Power (Demand)............cccccooevvvveveeeennne 34
Figure 15: Scores of Green Growth Opportunities in Power (SUPPLY).........ccceeerrriienieeeennnnnns 34
Figure 16Scores of Green Growth Opportunities in TranSPOort...........coooeevecicccicciinniivnneeeee, 35
Figure 17: Scores of Green Growth Opportunities in WaSste...........cccccuviiieiieeeiiiiiiiieeeee e 35
Figure 18: Scores @ubCriteria for Financial ARraCtiVENESS........uuvviviieiiiiiieiiieiieeeieeeeeeeeeeeeeees 36
Figure 19: Prioritised Green Growth OppOrtUNIties.............ooooei i iicccccie e 37
Figure 20: MACC for Green GrowthpOFUNILIES...........ueviiiiiiiiiiiieeee e 59

Figure 21: Payback Periods of Green Growth Opportunities.............ooooeeiieciiiiiiniininvinnnnennnd 62


file:///C:/Users/Bhawna/Desktop/CSTEP%20Print/CSTEP_GE%20Report_Dec%2002.docx%23_Toc405307070
file:///C:/Users/Bhawna/Desktop/CSTEP%20Print/CSTEP_GE%20Report_Dec%2002.docx%23_Toc405307074
file:///C:/Users/Bhawna/Desktop/CSTEP%20Print/CSTEP_GE%20Report_Dec%2002.docx%23_Toc405307080




List of Tables

Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:
Table 7:
Table 8:
Table 9:

Green Gwth Opportunities: Achievements and Targets in BAU and GG Scenarias 20
Categorisation of Green Growth BENefitS...........ooeviiiiiiiiiiiiiie e 33
Plicy Actions for Low Hanging FruitS.............oeveeiiiiiiieee e 39
Policy Actions for EMErging ArBas.......c.cevvvviiiiiiiiiieeeee e 41
Policy Gap Assessment for Industriat@EffiCIENCY............ovvieeiiiiiiiiiieeeeeeee 44
Policy Gap Assessment for Public TranSport..........ccccvvvveeeeiiiiieeeeeensiiieeee e A7
Policy Gap Assessment for WINd............oooooiiiiiiiirieeeeeeer e e e 49
Policy Gap Assessment for T&D L0SS RedUCHION............oevviiiiiiiiiiiiieee e 52
Total Area and Wind Potential at 80 and 100m Hub Heights for Wind Rich District$8

Table 10: Technology Comparison for Calculating Payback Periods..........cvvvvveinl 61
Table 11: Weights Considered for Green Growth Benefits Criteria...........ccccccovinviivriiinnnnnne. 63






List of Acronyms

Agricultural Demand Side Management
(AgDSM)

Bangalore Climate Change Initiative
Karnataka (BCGK)

Bangalore Metropolitan Transport
Corporation (BMTC)

Bangalore Water Supply and Sewerage
Board (BWSSB)

Billion Cubic Meter (BCM)

Billion Passenger Kilometer (BPKM)
Billion Tonne Kilometer (BTKM)

Bureau of Energy Efficiency (BEE)
Businessas-Usual Scenario (BAU)

Central Pollution Control Board (CPCB)
Common Effluent Treatment Plant (CETP)
Compound Anual Growth Rate (CAGR)
Compressed Natural Gas (CNG)

DabholBangaloreNatural Gas kpeline
(DBNP)

Demand Side Management based Efficient
Lighting Programme (DELP)

Distribution Transformer (DT)

Distribution Transformer Center (DTC)
Domestic Waste Water (DWV)

Electric Vehicle (EV)

Electric 2 Wheeler (E2W)

Electric 4 Wheeler (E4W)

Energy Conservation Building Code (ECBC)
Energy Efficiency Services Limited (EESL)
Energy Performance Index (EPI)

Gigawatt (GW)

Global Green Growth Institute (GGGI)
Greenhouse GasGHG)

Green Growth Scenario (GG)

Gross State Domestic Product (GSDP)

Heating, Ventilation, Air Conditioning
(HVAC)

Heavy Commodity Vehicle (HCV)

High Voltage Distribution §stem (HVDS)
Indian Rupees (INR)

Industrial Waste Water (IWW)

Information Technology & Information
Technology Enabled Services (IT & ITES)

Karnataka Renewable Energy Development
Limited (KREDL)

Kilo Tonne (kt)

Kilo Tonne Per Day (ktpd)

Light Commaodity Vehicle (LCV)
Liguefied Petroleum Gas (LPG)

Marginal Abatement Cost Curve (MACC)

Micro, Snall and Medium Enterprises
(MSMESs)

Million Cubic Meter (MCM)
Million Litres Per Day (MLD)
Million Tonnes of Oil Equivalent (Mtoe)

Million Tonnes of Carbon Dioxide
Equivalent (MtCQe)

Monitoring & Verification (M&V)

National Ambient Air Quality Standards
(NAAQS)

National Electric Mobility Mission Plan
(NEMMP)

New Industrial Processes (NIP)
Niranthara Jyothi Yojana (NJY)
Non-Motorised Transport (NMT)
Oxides of Nitrogen (NG)
Particulate Matter (PM)

Perform, Achieve and Trade (PAT)



Piped Natural Gas (PNG)
Plant Load Factor (PLF)

Rajiv Gandhi Gramin LPG Vitaran Yojana
(RGGLVY)

Rashtriya Krishi Vikas Yojana (RKVY)
Renewable Purchase Obligation (RPO)

Representative Concentration Pathway
(RCP)

Restructured Accelerated Power
Development and Reforms Program
(RAPDRP)

Specific Energy Consumption (SEC)

State Action Plan on Climate Change
(SAPCC)

Sulphur Dioxide (SQ)
Terawatt Hour (TWh)
Tertiary Treatment Capacity (TTC)

The Integrated MARKAL EFOM System
(TIMES)

Tonnes perDay (tpd)

Transmission and Distribution (T&D)
Underground Drainage Facility (UGD)
Urban Local Body (ULB)

Waste Heat Recovery (WHR)



STEP

Transitioning towards a Green Economy in Karnataka

Executive Summary

As a progressive state, Karnataka envisions jedriented, inclusive economic growth through
sustainable industriali sation and accelerated urbanisation. These transitions are likely to
increase the demand for resources and energy significantly. The achievement of this vision may
be threatened by limits on resources such as fossil fuels, land and water, and adverse impact on
quality of life from air pollution, climate change and traffic congestion. To address these
challenges, a green economy strategy that can enable the state to meet the allied developmental
imperatives of economic growth along with natural resource and environmental sustainability

is presented.

This report focused on agriculture, buildings, industries, transport, and power supply sectors

OEAO AAAT OT O A# O Ail OEA OOAOA8O AT AOcUu OANOEOA
emissions. Current policies in these sectors may not be sustaile in the longterm. To

summarise:

91 Due toindustriali sation, energy demand in industries is projected to grow by three
times, reaching 32Million Tonnes of Oil Equivalent(Mtoe) by 2030, with thermal
energy demand growing faster than electricity demandOver 90% of this thermal
demand will be met by industrial grade coal, much of which will have to be
imported. Cement and Steel industry will account for over 80% of the industrial
energy demand

T "AT CAI T OAGO AT i1 AOAEAT Al T Ihiee OO akh O AA xEI
million sg. feet by 2030 driven by high growth in services. In this context,
commercial sector electricity demand in the state is projected to increase from 4
Terawatt Hour (TWh) in 2010 to 48 TWh in 2030. Together the demand from
commercial and residential buildings is set to grow seveifiold from what it is today,
ATl 1 OOEAOGOET ¢ i 1T OA OEAT EAIT £ 1 £ OEA OOAOGAGO

9 If the current inefficiency in irrigation pumping continues, the state would have
cumulatively spent INR 400 billion by 2020, and INR 1 trillion by 2030 on electricity
subsidies

T "U ¢monmh 1 7TO0A OEAT EAI £ 1T £ +A0T AOCAEASO x¢
with increasing urban sprawl, this will mean a fourfold increase in mobility demand
over the next 20 years. Despite the ongoing efforts to build metro trains and expand
bus network, the number of vehicles on road is likely to grow by over three times to
reach 20 million, thereby worsening congestion, road safety and air quality. Oil
consumption from freight and passenger transport will also increase to 15 Mtoe,
from about 4 Mtoe currently

i Electricity demand in the state wouldgrow four-fold to about 150 TWh by 2030.n
order to meet this demand, the installed capacity in the state would need increase
to 40 Gigawatt (GW) by 2030, over three times the current capacity of 12 GW. If
ongoing policy efforts on renewable energy are not accelerated further, coal capacity
of about 18 GW would be required by 2030, which will have substantial implicains
for energy security of the state

1 Water demand from the power generation sector driven largely by cooling for coal
fired plants is likely to double to about 1.7Billion Cubic Meter (BCM)in 2030.
Approximately 840 Million Cubic Meter (MCM) of domestic vaste water (DWW) will
be generated in 2030, of which half will remain untreated. Meanwhile, 665% of

© CSTEP Www.cstep.in 1
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the 1 BCM of industrial waste water (IWW) generated by 2030 will be unfit for reuse
and contribute to water pollution. This, along with the growing demandfor
agricultural produce and rapid urbanisation is likely to stress limited water
resources

1 Annual Particulate Matter (PM) and Oxides of Nitrogen (NG emissions from the
transport sector are estimated to increase by 1.5 times t60 tonnes per day (pd)
and 480 tpd respectively while Sulphur Dioxide (SQ) emissions from the power
sector are likely to grow by around five times to abou®2,730tpd in 2030. The rise in
overall energy demand coupled with an increasing share of coal in energy supply
would also result in a near fourfold increase in GHG emissions to over 30dillion
Tonnes of CarborDioxide Equivalent (MtCQe)

This study identified and evaluated sixteen opportunities based on their feasibility for

implementation in the state, potential to reduce G' AT EOOET T Oh AT A AAEI EOU
vision for sustainable growth.Together these opportunities have the following key impacts:

1 The overall demand for fossil fuels can be reduced by about 19% through greening
opportunities. Industries can avoid8 Mt of annual coal use through increased energy
efficiency, thereby reducing expenditure on energy and improving competitiveness.
Further, annual demand for petroleum products can also be reduced by 4 Mtoe
through initiatives such as intensifying publictransport, improving fuel efficiencies
across the board, and increasing thrust on electric vehicles

9 Electricity demand in the state can be reduced by about 20 TWh through improved
energy efficiency in buildings, industry, and agriculture. Along with othergreen
interventions, such as aggressive reduction in Transmission and Distribution (T&D)
losses (limited to 8%) and increase in the share of renewable energy (to at least
30%), coal requirement for the power sector can be reduced by 20 Mt in 2030
nearly double the consumption by the sector in 2010

1 Green opportunities can also reduce water stress in the state. Lower thermal
electricity generation can reduce water demand of the power sector by 304 MGM
2030 while improvement in secondary and tertiary wase-water treatment can
cumulatively free up an additional 3.1 BCM of water till 2030

9 Concerns over air quality, particularly in Bangalore, can be significantly mitigated by
implementing greening options for transport, particularly the transition of buses
and taxis from diesel to @mpressedNatural Gas (CNG)and improvements in fuel
efficiencies of new vehicles. Green growth opportunities can also avoid 70 Mt&&Gn
2030, reducing the emissions intensity of the Gross State Domestic Product (GSDP)
by 37%

Using multi criteria analysis, assessment of current policy landscape, and consultation with a
wide set of stakeholders, this report concludes by laying oltey green growth opportunities for
the state, i.e. increasing energy efficiency in industry, reducing T&losses, intensifying public
transport, and generating more electricity from wind power. To pursue a green growth
paradigm, the state should create a policyction plan to implement this strategy. This study
presentspolicy recommendations and identifiesspecific research studies that could inform such
an action plan.

2 www.cstep.in © CSTEP
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Introduction

Karnataka is the eighth largest state in India. It has a population of about 61 million people,
which is 5% of the national population. The state contributed 5.46% of the Grod3omestic
Product (GDP) of India in 201112. During the 11th Five Year Plan period (20008 to 2011-12),
+AOT AOAEABO '33%30 COAx AO A #1T 1 DBIOTA 111 0AI
billion (about USD 47 billion)i The state showed steady growtlover the last decade, and with a
progressive industrial and trade policy it is also known to be investor friendly. It is also amongst

the top urbanised states with a strong base of education and research institutions.

+AOT AOAEAG O OA OO Bighfon théldudcdsd af the 16f@&mAalidn Technology and
Information Technology Enabled ServicefT & ITES)boom, contributes highest to the economy
(around 60%) followed by industry and agriculture.

Over the past few decades, a sectoral shift has

occurred in the state economy from agriculture to

the services sector. However, because of low

employment elasticity of the services sector, labour

has not shifted commensurately from agriculture.

By 2030, 66% of the total population will be a part of the work fore, i.e. an additional 270,000
each yeaf. With this in mind, the Karnataka Vision 2020 aimed at a jobriented, inclusive
economic growth. The vision also identified that Gustainable and orderly process of
industriali zationGand accelerated, plannedirbanisation will drive this growth. i

a GSDP of INR,§93 billion. A majority of the additional workforce is envisaged to be absorbed
as lowskilled or semiskilled labour in industry. This implies an increased reliance orhe
sector, with its value addition to GSDP doubling by 2020F{gure 1).! However, industrial
growth needs to be complemented with economic infrastructure suckas power provision,
material and fuel linkages. Further, rapid urbanisation will likely increase the demand for goods
and services such as housing, electricity provision, municipal services like water supply,
sanitation and waste management, roads and publtransport infrastructure.

4EA OOAOAGO PiI1TEAU T AEAAOGEOA 1 AU EAT AA AA

developmental imperatives of joboriented inclusive growth and environmental sustainability.

In order to ascertain effectiveness bany policy action in achieving these goals, the complexities
emerging from future  socieeconomic
transitions such as rapid urbanisation and
competing pressures on natural resources
need to be understood. Thus, this study
examined the energyeconomy-environment
nexus and developed a green economy
strategy for Karnataka.

1Karnataka Vision 2020 document estirates a CAGR of 0.8%, 7.9%, 1®lin the primary (agriculture), industry and
services sectors respectiely, until 2020. From then on, until 2030, the industries and services sectors are assumed to
grow at 1% lower CAGR.

© CSTEP www.cstep.in 3
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6,895

~8%p.a.
GSDP
(INR Billion)

7,694
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B Industry
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2010 2020 2030
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Figure 1: GSDP and Population Projections for Karnataka

B Agriculture

+AOT AOAEAGO 3 0AO0A ' AGET 1 «deniified deveral pppéitunii€sfor # EAT CA
the stateto mitigate climate change Under the Green Economy Strategy, the report identified

key green growth opportunities for the state based on: 1) relevance and feasibility for
implementation in the state, 2) potential to reduce GHG emissions, and 3) fuIEA OOAOAB8 O OE
for sustainable growth. Based on this classification, the report focused on buildings, agriculture,

industries, transport, and power supplyz sectors which account for all the energy requirement

I £ OEA OOAOGA AT A 1 @& GHGyemibsioris. FurtBek, Ae abilityAdd th&s©key
opportunities to meet multiple green growth objectives over the long term was considered in
order to arrive at a prioritised set of relevant interventions that can be taken up by the state in
the short-term. The approach and brief methodology for developing the strategy is presented in
Figure 2.

Identify
Criteria
\
Assess Conduct Evaluate Prioriti se Recommend
Current Scenario Green Growth Green Growth Policy
Challenges Analysis Opportunities Opportunities Actions

Identify Green
Growth Opportunities

Figure 2: Approach to Green Economy Strategy

To assess the current challenges faced in energy intensive sectors, a review of policy evaluation
documents and govenment data sources was undertaken. The analysis considered future
trends in the demand and supply of key resources, and their impact on the environment with

2 The SAPCGs the first action plan documentthat identifies over 200 action areasfor enhancingclimate resilience
and mitigation efforts acrossvarious sectors.It was preparedunder anational directive derived from the National
Action Planon Climate Change.

4 www.cstep.in © CSTEP
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the use of an energy moddéhg suite z The Integrated MARKAL EFOM System (TIMBSYhe
model was deseloped to provide a consistent framework to analyse longerm trends short-
term decisions, and their systemic effects. This was supplemented with stakeholder
consultation, literature review and qualitative assessments. A scenario highlighting the impacts
of the current policy architecture, or the Businessas-Usual Scenario(BAU), was developed as a
baseline to evaluate greening opportunities using identified criteria. The feasibility of green
interventions mentioned in SAPCC and the potential for their agessive uptake was studied.

Sectoral government plans, annual reports and policy documents such as the SAPCC were used
to identify key criteria to guide prioritisation. The criteria included green growth benefits
beyond mitigation such as energy securityjpb creation, pollution reduction, and land and water
availability. These criteria, along with a financial evaluation of various greening opportunities
were evaluated using a multicriteria analysis framework to prioritise opportunities requiring
policy focus or/and deeper analysis. An analysis of challenges to realising the key opportunities
was then conducted to inform policy recommendations.

The TIMES Model

47 AT Al UOGA OEA £EOOOOA EIPIEAAOGEITO 1T £ +AO0l A Qibkmkd, O
the study engagedthe TIMES platform. TIMESis an energy system optimgation tool that enables user to
consistently analyse interactions of growth with energy demand and its impact on supply, evaluated in the
context of resource avaibility, technology and policy.

3 The waste sector and residential cooking have beenodelled outside the TIMES framework
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The Business-as-Usual Scenario

Karnataka has instituted several policies to enable sustainable growth. Thiscd®n evaluates

the extent to which current policies in each sector may succeed in meeting this objective in the

long-term4 and presents the challenges likely to be faced, such as meeting demand for energy

and resources. Further, crossectoral implicatonOh T AT AT U OEA OOAOQOAGO A&l O«
environmental degradation from waste generation, air pollution and water scarcity have been

highlighted.

Sectoral Assessment

Industry

Karnataka is the fifth most industrialised state in India and among the toproducers of cement
(~15 Mt) and iron and steel (~10 Mt). It is also, the leading producer of iron ore, and has
OECTI EEZEAAT O 1 EI AGOT T A OAOGAOOA OBasell Sieelplardsqdsw,i 1
6 EEAUAT ACAOQ AT A 11 A TtManBEALC, wWad).lthd@ssds AlN@GAL O
Mt of crude oil per year, and produces over 1 Mt of urea for agricultural use.

A T 7

|
AAi

Iron and steel sector is the major industrial energy consumer, and accounts for 63% of
industrial energy demand. Apart from large payers such as JSW and KIOCL, there are 24 eoal
based sponge iron plants which account for over 15% of productionHowever, these operate at
low efficiencies and are unable to employ automation and efficient technologies because of their
low operating margins.

Based on past trends of industrial production

AT A +AO01T AGAEASO COI xOE"AOPEOAGET 1°6h OEA

production of steel and cement may grow

four-fold to 40 and 43 Mt respectively

(Karnataka could become the largest steel

producer in India). Aluminium production may grow sevenfold to 0.70 Mt, and other industries

(such as textiles, paper, andertiisersQ | AU AT i1 00 Al OAT A OEAEO bDOI
ET AOOOOU AT O A AAAT I A AOOAEAI ET #&AOAITTETC OEA Al
The recognition of ineffident energy utilisation in steel and other large industries led to the

design of the Perform, Achieve and Trade (PATscheme under the National Mission for

Enhanced Energy Efficiency. This is currently the guiding prciple for industrial energy
AEFEEAEAT AU8 %OAT EZL£ +AO0T ACAEASO EI-BOc@mEAO x AOA
Specific Energy Consumption (SEC), the total size of industrial activity will dwarf the gains from

PAT savings (seé&igure 3).vi

4 Appendix 1 lists out the sectorwise assumptions considered in BAU.
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Total in 2010: 9 Mtoe Total in 2020: 17 Mtoe Total in 2030: 32 Mtoe
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Figure 3: Sector-wise Industrial Energy Consumption in BAU

Overall, industry will remain the dominant consumer of energy in the state, with its share in
total energy demand declining onlymarginally from 57% currently to 54% by 2030. The total
energy demand from industries will grow more than threefold, from 9 Mtoe in 2010 to 32 Mtoe
in 2030. Iron and steel sector will be the chief consumer, contributing 73% of the total
industrial energy demand; cement will rank a distant second at 10%Though aluminium
production will register a strong growth in this period, its share of energy demand would only
increase from 3 to 5%, owing to its relatively small size.

Thermal energy requirement, mosly for producing

cement and steel, will grow from 9 Mtoe to 32Mitoe, with

coal supplying over 90% of this demand. Electricity

requirement will grow three-fold to 32 TWh by 2030,

putting serious pressure on theelectricity grid. Captive
generation, which isinherently inefficient and expensivesis expected to meet most of this
demand, and most of this electricity will be generated through coal.

Most industrial grade coal is imported and the share of imported coal for power is also rapidly
increasing. Thiscould subject industries to uncertainty in fuel costs. As energy costs account for
up to 40% of manufacturing costs in large industries, failure to improve energy efficiency could
adversely impact competitiveness in the longerm.

Buildings

Residential Budings

By 2021, around 1.5 million additional houses would be required, mostly to accommodate the
expanding urban populacéi. More houses and increased affluence will lead to a high demand
for appliances (both in humber and type) resulting in greater elecicity demand. In rural
Karnataka, under theNiranthara Jyothi YojanaNJY),uninterrupted power for residential use is
expected to increase energy demand. Meanwhile, state policies such as Betaku scheme that

5 Thermal captive plants operate on lower PLFs than gritbased plants, and their generation efficiencies are in the
order of 30% compared to national average of 33%.
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aims to improve lighting efficiency, will only help in offsetting a fraction of the new electricity
demand.

Further, the demand for modern cooking fuels will rise as incomes increase. While the share of
urban households using Liquefied Petroleum Gas (LPG) hiasreased significantly from 44% to
65% over the last decade, the share of rural households with access to LPG has witnessed a
modest improvement from 5% in 2001 to 11% in 2011. Consequently, over 80% of the rural
population still relies on traditional biomass as the primary fuel for cooking. To address this
disparity, the Rajiv Gandhi Gramin LPG Vitaran YojatBGGLVY) was launched in 2009 across
the country.

Commercial Buildings

The servicesled economy of the state implies

that the demand for commercial buildings

will continue to rise steeply. A majority of

these are likely to be concentrated in and

around Bangalore, with the commercial floor

space increasing from 100 million sq. feet to

291 million sg. feet by 2030.x Heating,

Ventilation, and Air-Condiioning (HVAC) and server loads are likely to become significant
drivers of energy demand. In general, growth in the stock of agonditioners will be the key
factor in driving electricity demand.

Karnataka has already notified the Bureau of Energy Efficiency (BEEBEnergy Conservation
Building Code (ECBCior large commercial buildings, but progress in terms of redcing energy
intensity has been slow. The Energy Performance Index (ERI) commercial buildings has been
in the range of 250302 kWh/m 2, whereas the ECBC compliance threshold lies at 180 kWh#m

Energy Demand from &ldings

Commercial sector electricity demand, which grew by more than three times between 2005 and
2012+, is projected to increase almost 12 times by 2030, rising from 4 TWh in 2010 to 48 TWh
in 2030.

Residential demand doubled over the same period (2003012) i, and is likely to grow to 35
TWh in 2030, increasing by five times from 7 TWh in 2010. In addition, the household demand
for modern cooking fuels is likely to increase from about 0.6 Mtoe to 1.6 Mtoe, with LPG and
Piped Natural Gas (PNG) meetingearly two-thirds of the cooking energy requirement in 2030.

Figure 4 provides the electricity demand from residential and commercial buildings.
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Figure 4: Electricity Demand from Build ings in BAU

With rapid increase in built-up area, municipal services such as solid waste management,
sewage treatment, streetlighting, and water pumping will need to be expanded, putting a
strain on municipal budgets.

Transport

This analysis considered freight and

passenger road transport.Nationally, road is

the principal mode for passenger transport,

meeting over 80% of the passenger transport

demandyii The passenger transport demand

in Karnataka from road in 2010 is estimated to have been about 180 IBdn Passenger
Kilometres (BPKM), with urban transport accounting for about 100 BPKM. About 80% of the
urban transport demand is currently met by buses and twewheelers, servicing nearly half and
one-third of the demand respectively. In the next 20 yearsa steadyeconomic growth, higher
working population, and longer trips due to urban sprawdv will lead to a four-fold increase in
the demand for urban transport, nearly tripling the demand for passenger transport as a whole.

Bangalore, which accommodates @r 40% of the vehicles in the state, is expected to account
for a significant share of urban transport demand. Though the citigas a relatively dense public
transport network z at 6,110 buses, its bus fleet is amongst the largest for an Indian ety the
number of buses per million people has reduced from about 800 in 2008 to less than 700 today
(cite). Further, the number of private vehicles in the city has been increasing by about 25,000
per monthxvi If these trends continue, current initiatives to extad the bus network and build
over 110 km of the Bangalore Metro would fall short in meeting the projected increase in
demand for mobility. Consequently, the share of public transport is likely to decline further and
the number of cars will increase to foutimes the present stock.

This would significantly worsen the challenges of urban transport in Bangalore. The citg
planned primarily for motorised travel and ranks amongst the lowest in the country on
walkability. xvii It scores particularly low on amenities for pedestrians, availability of quality

6 Electricity requirement for these services will grow neary five-fold from 3 TWh in 2010 to 14 TWh in 2030.
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pavements and safe crossings, and motorist behaviour. In fact, nearly half of th&l deaths and
one-third of the 4,200 injuries from road accidents in 2013 involved pedestriansx Further,
congestion in the city would also worsen. The travel time in the city is becoming longer every
year and the average waiting time due to congestion has risen from about 12 minutes in 2008 to
over half an hour At this rate, the present average speed of 185 kmph in the city mayreduce

to just 10 kmph by 2030.

In the absence of integrated landuse and transport planning, other cities in the state will also
experience similar mobility challenges. Cities such as Mysore, Hubblharwar, and Mangalore
are currently characterised by a igh share of nommotorised transport (25-40%), low car use
(less than 10%), and relatively short trips (ranging from 16 km). As these cities witness a
period of rapid population growth, there would be a need to implement measures to check
sprawl, retain a high share of nomamotorised transport, and develop public transport.
Otherwise, the reliance on private vehicles could increase their number in these cities by three
to four-fold by 2030.

Even for freight transport, the national modal share of road is hgher than 70%. Road was
estimated to supply about 80 Billion Tonne Kilometres (BTKM) of freight volume in Karnataka
in 2010. At over 150,000, the number of Light Commodity Vehicles (LCVS) is close to the
number of Heavy Commaodity Vehicles (HCVS)

in the state. However, because of their low

tonnage, LCVs contribute less than 15% to the

total freight volume. As the economy grows,

both the production and consumption of goods

would rise, and the demand for freight

transport would increase to almost 300 BTKM by @30. The contribution of LCVs to meet this
requirement is likely to reduce further as the sector becomes better organised. Yet, fuel
efficiency may not improve significantly unless standards announced by the BEE, currently
limited to cars, are extended tanclude trucks and lorries as well.

The resulting demand for energy from freight and passenger road transport would increase
from about 4 Mtoe in 2010 to nearly 15 Mtoe by 2030. Without greater policy effort to diversify
and clean the fuel mix in transport diesel and petrol are likely to meet most of this
requirement.” While auto rickshaws in Bangalore have switched from diesel and petrol to LPG,
OEA OOAOAGO OAODPITOA O1 #.' EAO AAAT AAOGOET OO
high procurement and battery costs of Electric Vehicles (EVd)as also meant that only about 1
in every 100 cars being sold in the state runs on electricityl A recent pilot to introduce electric
buses by the Bangalore Metropolitan TransporCorporation (BMTQ, if successfully scaled up
and replicated, could give the necessary thrust to electric vehicle®therwise oil consumption
will increase nearly four-fold by 2030, not only worsening air pollution in the state but also
adversely impacting energy security and the import bill.

710% ethanol blending for petrol as per state plans has been considered
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Agriculture

Irrigation Water Pumping

Agriculture currently consumes 84% of the

water resources of the state, and around

45% of the irrigation requirement is met

through underground resources. Between

2004 and 2009, there was a decline of 3% in

net groundwater availability in the state due

to extraction exceeding replenishment. Average heédhas dropped in some districts from 1520
feet to 150-1,200 feet inthe last decadexi Thus, a high demand for water pumping and rapidly
depleting groundwater resources have resulted in increased electricity demand from
agriculture.

Since power supply to irrigation pumps is largely unmetered and there are a large number of
unaccounted pumpsets? a reliable account of electricity consumption in agriculture is difficult
to obtain. However, official estimates suggest that 35% of grid electricity is used for irrigation
pumping, and the sector reportedly consumed 12 TWh in 2028

Average efficiency of agricultural pumpsets across the country remains very low at around 30
35% since the inefficient locally manufactured pumps work out to be cheaper due to subsidised
electricity. 10 Though the SAPCC advises -gdructuring of agricultural power tariffs to
disincentivise wasteful electricity consumption, implementing this recommendton is
politically challenging. Further, a ban on manufacturing inefficient pumpsets may also not be
feasible due to risk to livelihoods in the informal ecaomy.

Farmers are sceptical of theAgricultural Demand Side Management (AgDSM)scheme as the
replacements for inefficient larger pumps are often lower size starated pump-sets. Moreover,
inadequate utility support in monitoring and verification (M&V) of the scheme reduces the
bankability of AgDSM projects. Hence, a market transformation towards efficient purgets is
unlikely without a significant policy push.

The subsidy for electricity to agriculture is estimated to be around INR 56 billion. If the ctent
inefficiency continues, the state would have cumulatively spent INR 400 billion by 2020, and
INR 1 trillion by 2030,12when the electricity consumption reaches 21 TWh.

8 Depth from which water is drawn.

9 Various estimates suggest that unaccounted puragets are 10% to 50% of the current official nurber of 2 million,

10 In 2008, the state government relieved its farmers of paying their electricity bills for pumps less than 10 HP, which
continues till today.

11 Ag DSM is an initiative launched by BEE that seeks to bring energy efficient transformatiorttie agriculture sector.
Under this scheme, ESCOs undertake free purspt replacements and finance their investments by demonstrating
savings over baseline consumption. The revenues so obtained are shared between state designated agency, utility
and ESCO.

12 Accounting for electricity supplied to unregistered pumpsets.
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Sensitivity of Agricultural Energy Demand to Groundwater Availability

The future energy demand for irrigation pumping is critically dependent on the availability of groundwater,
especially in the waterstressed districts. Thereport on climate resiliencex highlights how climate variability and
change, higher temperatures and changingrecipitation patterns could lead to reduced availability and increased

OANOGEOAI AT O T £/ xAOAO &I O EOOEGCAOEI T8 &I
during SouthhWest Monsoon period$3 could increase from 30% at presento 47-57%?14 by
not only impact crop productivity, but also alter energy demand for water pumping.

O ET OOAT AAnh
mid-century. This could

Accordingly, the electricity demand trajectory from agriculture may vary from BAUS Two cases to illustrate the

sensitivity of energydemand to groundwater availability have been presented ifrigure 5.
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Figure 5: Sensitivity of Pumping Energy Demand to Water Availability

While the BAU electricity demand trajectory growsoughly at 4% p.a. till 2030 in Water Sensitivity 1 (WS1) and in
Water Sensitivity 2 (WS2) the energy demand trajectories are seen to diverge from 2020 onwards. In WS1, the
growth in demand dips reflecting arational responseto reduced groundwater avaibbility. WS2 reflectspanic and
overdrawalin the initial years after 2020, when farmers may install higher HP pumps in response to depleting water
tables. After a few years the growth of demand could fall sharply and even turn negative for a short periogflecting

an adjustment in waterstressed regions. Both scenarios call for intervention in terms of early climate warning
systems, increased irrigation cover, water conservation and better wateuse efficiencies. These may also include
adopting micro irrigation and rainwater harvesting techniques.

Farm Mechanisation

Currently, farm mechanisation in India is quite low at 40% compared to 75% in Brazil and
Argentina and 95% in US and Western Europé€ln Karnataka, more than 70% of rural
households have landblding size of less than 1 hectare, and about half the total landholdings
are marginal with an average size of 0.45 ha, making farm mechanisation uneconomiesl.

Based on national trends, the number of tractors in Karnataka is estimated to grow from
320,000 currently to about 1.2 million by 2030.The drivers for this growth include accelerated
mechanisation facilitated by larger landholding sizes, pull of workers out of agriculture,

13 South-West Monsoons are responsible for 80% of average annual rainfall; and nearly 68% of the total cultivated
area is under rainfed farming.

14 Under Representative Concentration PathwayRCBP 4.5 and RCP 8.5 scenarios
B 15 AT OEAAOO EEOOI OEAAI CcOT xOE A0 xAll
Power Survey to arrive at agricultural energy demand projections till 2030 for Karnataka.

16 This is because b high share of labour involved in agriculture in India (55%), compared to 15% in Brazil
and 2.5% in Europe

12 www.cstep.in © CSTEP
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availability of institutional credit, opportunities for income generation by renting out tractors to
the booming construction and transportation sectors, and policies promoting farm
mechanisation such aRashtriya Krishi Vikas YojanéRKVY)

Commensurately, diesel consumption from tractors will grow foufold from 310 kilo tonnes
(kt) in 2010 to almost 1,200 kt by 2030, resulting in a likely fuel subsidy of INR 22 billio¥ipart
I £/ xEEAE T AU ATT A Z£01T1T OOAOCAGO ADAEANOAOS

Power Supply

The state already faces several
challenges in meeting its electricity
demand. First, it faces darge and  The declining PLFs of state thenal plants has also worsened the

growing power deficit. Though the energy deficit in the state. Starting in 2015, an effort to increase
the PLFs of state thermal plants by 2% per year till PLFs of 85%
) are reached could result in almost 15 TWh of surplus energy in
the recent past, it has not kept pace ihe state in 2020 and avi capacity addition of over 1 GW in
with the yearly 9% growth in the  thermal power by 2030.

demand. In 201213, Karnataka had

Improv ing PLFs of State Thermal Plants

supply has increased significantly in

about 12 GW of gridconnected 200
capacity and supplied about 57 TWh 2180
of electricity.»vii In comparison, the Elﬁo
unrestricted electricity demand was =~ § %
about 66 TWh, leading toelectricity =~ & '*°
and peak deficits of about 14%gz gloo
higher than the remaining southern > %
states. 2 ®
g 40
Second, financial constraints faced W20
by the state and the public sector 02010 2015 2020 2025 20
enterprises (particularly the
utilities) have resulted in a slow pace ®Improved PLFs = BAU
of improvement in the T&D sector.
Transmission losses in the state have Figure 6: Electricity Generation with Improved PLFs

reduced by nearly half, fromabout

7% in 2002-03 to 4% in 2010-11 xvii and there has been a significant reduction in distribution
losses from about 38% in 19992000 to about 18% at presentxx Nevertheless, Karnataka still
lags behind Andhra Pradesh and Tamil Nadu in distributional efficiency. Other challenges in
reducing T&D lossa include lack of metering in agricultural sector and low efficiency of
distribution transformers.

17 Estimated at a subsidy of approximately INR 15/litre.
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4AEEOARh [ OAE 1T £ OEA Otiskd A Gland b AFAdoR YPLASIY thé&T AA O

Raichur and Bellary thermal paver stations z which account for over 2.5 GW of thermal

capacity in the statez average only about 65%, in comparison to an average of about 80% for
Central Generating Stationgxx The factors
that reduce the PLFs of state thermal plants
include poor quality of coal, frequent
technical failures, and lack of spares for old
equipment. This, amongst other factors, has
contributed to increased reliance on short-

term purchases, often atexpensive rates, to meet the growing energy demand. In 20113,

around 19% of electricity supplied was through shortterm purchases and nearly 20% was

obtained from central generating stations located outside the statex

&1 OOOER OEA OEAOA 1T &£ EUAOT ET +AO01 AGAEAGO AEOAI

Hydro power accaunts for about onethird of installed capacity and generation. Though only

half of the 7.75 GW of estimated hydro potential has been exploited for electricity generation,

concerns over environmental and social impacts of large hydro power projects and intstate

river disputes will make it very difficult to increase capacity of hydro power in the state.

Fifth, though the state has the highest
Renewable Purchase Obligation (RPO)
achievement (10%) in the country, it has = BAU may be considered as an optimistic scenario by some

the opportunity to exploit renewable particularly on account of the share of renewable energy in

. total electricity generation and the diffusion of ener
resources even more aggressively. . "7 v gene 9y
. . L efficient lighting, appliances, and purp sets. It assumes that
Karnataka is relatively rich in renewable = (onewable energy sources will contribute at least 20% to

resources, with a wind potential of over = the electricity generation in the state by 2020, and continue
30 GWexi and over 10 GW of solar to do so thereafter. Further, more than half the electrical

potential.8 However, out of 12.8 GW of appliances in use by 2030 are assumed to be of astr

ind it llotted | bout 2.6 rating or above. If the short and mediumterm trends in RE
wind capacity allotted, only abou ) and EE diverge from this scenario, the sustainability

GW capacity has been commissned>ii  chajlenges highlighted in this section could become more
Similarly, deployment of solar power has ' limited.

been negligible with the current capacity _ . .

) . As an example, consider a more pessimistic scenario fo
at 74 MW Barriers to RE deployment renewable energy deployment and uptake of energy
include delayed environmental  efficient appliances. If the diffusion of energy efficient
clearances, lack of evacuation facilities, appliances is limited because of their high capital costs anc

problems with land acquisition, lack of !ong payback periods, total electricity demand could
. . increase by as much as 8 TWh over BAU by 2030. the
robust site assassments, and high

same time, the share of renewable in electricity generation
financing costs.With a potential of about = jn the state could increase to 15% by 2020, but gradually
1-2 GWxxv, biomass power can also decline to 12.5% by 2030 because of policy uncertainty,
contribute to decentralised generation in ~ limited expansion in domestic manufacturing capacity, and

the state, but faces challenges with only a marginal redwction in prices of RE technologies. The
’ . . o . corresponding increase in generation from coal power could
feedstock availability and a rigid tariff be as much as 17 TWh in 2030. This would lead to a 7 N

structure. increase in annual coal requirement (> 10%), 118MCM
higher water consumption, and 15 Mt of additionh CQ
The demand for electricity from all | emissionsin 2030.

Reference Scenario vs. BAU

18 This considers that 5% of the total wasteland area is available for installation of solpower.
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sectors could increase to about 150 TWh by 203The state would need to generate 175 TWh to
meet this demand if T&D losses reduce to about 15%. Even with 20% share of renewable
energy, the state will require an expanded codired capacity of 18 GW b 2030, about 1.5 times
the current grid-connected capacity in the state and 50% of the total generation capacity in

2030.

Sourcing such an enormous amount of coal will be a major challenge for Karnataka, which does
not have any reserves of its own. Morear, the availability of imported coal is not a foregone
conclusion due to uncertainty of supply and prices in the international markets. Carbon tax
regimes across the world could also put upward pressure on prices, which is going to impact the
cost of eledricity generation. Even if the state manages to secure coal supplies at reasonable
prices, the negative impact of coal generation on air pollution and GHissions is likely to be
significant. Further, thermal plants in other parts of the country including neighbouring
Maharashtra have been facing closure in summer months due to the namailability of
water.»xvi Non-availability of water in coal bearing states like Orissa, Jharkhand and

Chhattisgarhis already causing siting difficulties.
CrossSectoral Assessment

Fossil Fuel Dependence

4EA OOAOCAGO AOOOAT O AT Aocu OUOOAI

EO DPOEiI AOEI U

cmpnh TAAOI U EAI £ T £ +A01 AOAEHR Q). Aldirkskawf t©ODP DI U
current primary energy consumption is still met from renewable energy sources, mainly

because of traditional biomass for cooking. However, the share of biomass in cooking is likely to

decline with access to modern cooking fuels. At the same time, the demand for electric and
industrial grade coal will become fivefold while the demand for petroleum products will

become threefold. Consequently, despite an increase in the share of renewable enerigy

electricity supply, its share in total primary energy will reduce to 9% by 2030.

Energy Supply in 2010 = 963 P] Energy Supply in 2030 BAU = 3,367 P]
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Figure 7: Share of Fuel Sources in BAU®
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19 Miscellaneous sources include large hydro and nuclear power whilether RES comprises of Bmass and Small

Hydel Power (SHP).
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Water Scarcity

The Central Water Commission has identified Karnataka as a water scarce statei 20 Though
Karnataka accounts for about 4B8CVvh | O obPh 1T £ OEA Al O1 OOUBO OO0 AEA
economically used owing to ecological constraints on westward flowing rivers. The state has
about 16 BCM) of annual replenishable groundwater, which comprisegds than 4% of the
national number. This is only slightly
higher than Rajasthan and significantly
lower than Gujarat. In 2004, groundwater
exploitation reached critical or semi
AOEOEAAT OOAGAO ET pu 1 0C
districts. v

The agriculture sector consumes about 84% of the total water in the state followed by power
generation, industry and household demand. In BAU, water demand from the power generation
sector driven largely by cooling for coal fired plants is likely to double to about 1.7 BCM i020.
This, along with the growing demand for agricultural produce, rapid industrialisation and
urbanisation, is likely to stress limited water resources. SAPCC estimates that industry sector
will demand nearly three times the current demand, while the demad from households will
double. Hence, addressing the competing water demands will be challengingx

Environmental Degradation from Waste Generation

Municipal Solid Waste

Growing urbanisation and rising incomes

pose an additional challenge of waste

production and disposal. In 2008,

Karnataka generated 8.3 kilo tonnes per

day (ktpd) of waste and the collection rate

was 87%, of which 80% of the waste was landfilled. While no engineered landfill with waste
recycling provisions exists in Karnataka, open burning and illegal dumping of waste pose
serious health hazards due to poisonous gases and toxic fumes. High organic (62%) and
moisture content (40%) poses an additional problem of leachate that percolates underground
and is responsible for contamination of water bodies and land degradatioti.By 2030, almost
22 ktpd of waste will be generated and over 250 ha of land would be required for dumping this
waste. In Bangalore, an additional 72 ha will be required, implying aodibling of existing landfill
capacity. Moreover, the existing exposure to toxic gases and materials for the population and
water bodies is likely to worsen.

Domestic Waste Water

Almost 85% of rural population in Karnataka does not have access to sanitation, raising
considerable health problems and related issues of pollution of surface water bodigs. In

urban Karnataka, only 36% of Urban Local Bodies (ULBs) possess underground drainage

facilities (UGDsg. Only 40% of Bangh | OA8 O OAxACA EO OOAAOAMIorAO DPOAOD

20\With 500-1,000 m3 per capita replenishable water resources
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Litres Per Day (MLD)of Secondary Treatment Capacity (STC) is unused, and only 10% of 73
MLD of Tertiary Treatment Capacity (TTC) is utilised. Bangalore Water Supply and Sewerage
Board (BWSSB) ans to add 339 MLD of TTC and provide UGDs to 7 CMCs and 1 TMC by
2021 xii By 2036, it aims to cover an additional 110 villagedy The total DWW generated from
Class | and Class Il towns is 1,28VILD, which will grow to almost two-fold to 2,300 MLD by
2030, of which half will remain untreated going by present trends and announced plans.

Industrial Waste Water

Industrial effluents carry high levels of metal, dissolved solids, and nitrates. Samples of tank

water, wells and bae-wells in the state indicate toxic levels of nitrate between 5 to 30 times of

53 %0! 80 OAZA TEIiEO8 |/ £ OEA OAOGAT T AET O ETADOOOOI
of the most polluting industriesxv The average compliance levels based on ti@entral Pollution

Control Board (CPCBO# 1 OBT OAOA 2A0PT 1 OEAEI EOU &I O %l OEOI T
17 category industries were found to be lowest in cement (59%9v and highest in aluminium

and refinery (100%). IWW generation is set to grow fousfold to almost 1 BCM by 2030 owing to

rapid expansion of industrial production. Based on current compliance levels, 886% of IWW

will be unfit for reuse, and contribute to water pollution.

Air Pollution

In Bangalore, PM! concentrations have

been recorded in violation of the National

Ambient Air Quality Standards (NAAQS)In

fact, a recentCPCBreport highlighted that

Bangnlore violated the standard in all years

between 2000 and 2006. By contrast, SO

and NQ22are currently less of a problentvi Most cities are below the NAAQS for these
pollutants. According to a 2010 TERI reporvii, transport contributes to a large share of
pollution in the city accounting for around 42% of the PMp emission load and 68% of the NO
emission load. The PM and N@missions from the transport sector are estimated to increase by
1.5 times to 50 tpd and 480 tpd respectively. Considering that Bangadre would continue to
dominate the urban transport demand in 2020, the impact in the city is likely to be significant.

A recentpublication by Urban Emissions indicated that emissions fron$Q and other noxious
pollutants such as carbon monoxide and NCfrom thermal power generation are currently
considered to be low in the state when compared with states that have high cdahsed
generation, like Maharashtra, Orissa and Chhattisgartix These emissions are responsible for
high premature infant mortality, respiratory illness and lost work days. With increasing
dependence on coabased power generation S@emissions are likely to grow by around five
times to about2,730 tpd in 2030. Commensurately, emissions of noxious gases could increase
by around five times.

21 particulate emissions are regarded as criteria pollutais and include components of other pollutants. They are an
important cause of cardiovascular and pulmonary diseases, and lung cancer. These emissions are recognised among
the most important in terms of their negative health effects, followed by oxides ofitnogen and sulphur.

22 Attributed to impact on visibility and oxidised to form heavier ozone.
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Greenhouse Gas Emissions

The rise in overall energy demand coupled with an increasing share of coal in energy supply
would result in a near fourfold increase in the GHG emissions to over 300 Mtghy 203023
(Figure 8). This will translate to per capita emissions of 5 tC£ per person in 2030 as compared
to 1.3 tCQe per person in 20134 The reduction in emissions intensity of GSDP would also be
moderate at 19% compared to the 2010 level.

Industries will continue to account for over half of these emissions over the next 20 years,
mainly driven by energy use in steel and cement, and process emissions from clinker production
in cement. If steps are not taken to increase energy efficiency in residential and conmeial
buildings, emissions from this sector will contribute nearly onefourth to the total GHG
emissions in 2030 (as compared to 16% in 2010%

Total in 2010: 79 MtCO,e Totalin 2020: 150 MtCO,e Totalin 2030: 307 MtCO,e
8% 6%
. I u I . l .
12%

79 12%

4% 54% 51%
4 2% 3% 4%

Industry ® Transport Agriculture ® Residential = Commercial Misc.

Figure 8: GHG Emissions in BAUS

23 Miscellaneous category refers to the em@ons from energy demand for municipal services.
24 For these sectors alone.

25 Residential buildings emissions occur du¢o electricity use and cookingThe base year estimate for emissions from
cooking is calculatedusing 2011 data.

26 Miscellaneous sources of GHG emission include municipal street lighting and water pumping (due to electricity
use).
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The Green Growth Scenario

The analysis of trends ad projections in BAU reveals that current policies may not meet green
growth objectives. Though Karnataka has been a front runner in devising and identifying
specific sectoral strategies via the SAPCC, the technical feasibility and efficacy of these dgngen
interventions over a longterm horizon has not been assessed. This analysis selected
opportunities from the gamut of strategies and action areas listed in the SAPCC and evaluated
their potential in contributing to green growth.

The green growth opportunities considered reflect the most promising set from global and

national best practices and technologies. These are also wBIOE OAA O1 +AO0OT1 AOAEABO
AOA &I 01T A O EAOA A Pi OEOEOA EiIi PAAO 11 +AO1T AOGAE,
and inclusive growth. The targets for these opportunities were based on an assessment of

existing national and subnational policies and the potential for greater uptake of greening
measures(Table1). For example,as Karnataka is a renewable rich state, the share of renewable

energy in electricity generation is pegged at 30% as compared to the national goal of 18kb.

the case of solar power, the green growth target is considered at a minimum of 5% of total

electricity generation by 2022 against the 3%solar RPOunder the National Tariff Policy.

Similarly, the reduction of T&D losses to 7% by 2030 is based on international benchmarks in

the sector. In comparison, the national aim for T&D losses is about 10% in awlccarbon

scenariol

Further, various mobility plans for cities in Karnataka suggested that the demand for motorised
transport can be reduced by at least 10%. At the same time, experts opine that the state also has
an opportunity to retain a high share of pblic transport in cities. Bangalore can also benefit
from the recently commissioned DabheBangalore Natural Gas peline (DBNP) by switching

city buses and taxis to CNG. Meanwhile, electric vehicles provide an important opportunity in
the state given theincreasing share of private vehicles, moderate trip lengths and low average
speeds in cities. However, the National Electric Mobility Mission Plan (NEMMP) target till 2020,
particularly for four wheelers, is considered to be aggressive given current saleand
manufacturing capacity. TheGreen Growth scenario (GG)adopts a more conservative timeline.

Each of the seven industries analysed is targeted to reach the current world best SEC levels by

2030 in GG India is already one of the most efficient produge of cement and nitrogenous

AAOOEI EOAOO8 ) &£ +AO0O1I AOAEAGO ET AOOOOEAI OAAOGI O O
addition to the national PAT mandate, much higher energy savings can acciuklarket
transformation towards energy efficient lighting and appliances can be accelerated iIGG

through additional state and nationatlevel policy actions, lowering the retail costs of efficient
technologies. This will result in a higher share of LED lights and supefficient HVAC systems.

Through appropriate institutional measures and enduse incentives for irrigation pumping, the

state can aim to replace all inefficient electrical pumysets by 2030. Also, a reasonable

penetration of solarbased irrigation pump-sets can be achieved if Karnataka applieglevant

lessons from Rajasthan on this fronti
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Table 1: Green Growth Opportunities : Achievements and Targets in BAU and GG Scenarios

Green Growth Opportunity

Achievement in BAU

Target in GG

Industries

General Energy EfficiencyEE) Measures
Eg.: variable frequency drives, increased
blending of waste materials in cement

New Industrial Processes (NIP)
Eg.; continuous casting, switching to cleaner
fuel/feedstock

Waste Heat Recovery (WHR) Measures
With top-gasrecovery turbines, coke dry
guenching technology (in steel)

5-10% SEC reduction in most industries by 2020,
constant SEC thereafter

20-45% SEQeduction in most industries by 2030

Power (Demand)

Agricultural Demand-side Managemat
(AgDSM)

About 50% of the electrical pump sets in use in
2030 are rated as 5star; 5% of the total pump sets
run on solar power

100% of the electrical pump sets in use in 2030 are rated a
5-star; 10% of the total pump sets run on solar power

Energy eficient (EE) Appliances

About 40-50% of the appliances in use in 2030 are
rated as 5star; low uptake of superefficient
appliances

About 60-80% of the appliances in use in 2030 are rated as
5-star or super-efficient

Energy efficient (EE) Lighting

About 80% of lighting demand is met by CFLs and
5-star tube lights; low uptake of LED lighting

About 50% of lighting demand is met by CFLs and&ar
tube lights; the remaining demand is met by LED lighting

Power (Supply)

Solar Power

Share of solar energy in elgricity generation
increases to 46 by 2022; constant thereafter

Share of solar energy in electricity generation increases to
5% by 2022; constant thereafter

T&D Loss Reduction

T&D losses reduce from 18% in 2010 to about 15%
by 2020; negligible reductionthereafter

T&D losses reduce from 18% in 2010 to 12% in 2020 and
about 7% by 2030

Wind Power

20% state RPO by 2020 leads to increase in wind
power capacity; constant RPO thereafter

30% renewable energyin electricity generation by 2030
leads to increa® in wind power capacity

20
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Transport

Demand Reduction and Nosmotorised
Transport (NMT)

Discourage car use and promat cycling and
walking

Demand for motorised urban transport increases to
about 340 BPKM by 2030

Demard for motorised urban transport reduces by 10% by
2030

Electric Vehicles (EV)

Share of Bectric 2 Wheelers(E2W) in new two-
wheeler sales increases to 15% by 2030; share of
E4W in new sales increases to 7%

Share of E2W in new twewheeler sales increasesd 25%
by 2030; share of Bectric 4 Wheelers(E4W) in new sales
increases to 19%

Fuel Efficiency (FE)

Negligible improvement in average fuel efficiencies

Average fuel efficiencies of all freight and passenger
vehicles sold after 2020 increase by 15%

Fuel Switch to CNG

Negligible use of CNG for transport

All buses and taxis in Bangalore (assumed to be 50% of
total bus and taxi fleet) operate on CNG after 2020

Intensification of Public Transport
Improve urban bus servicedtaster deployment
of the Bangaloe metro

Share of public transport in urban transport
reduces from about 50% in 2010 to about 40% by
2030; the metro meets about 4% of the urban
transport demand

Share of public transport in urban transport is retained at
about 50% till 2030; the metro meds about 6% of the
urban transport demand

Waste

Advanced Waste Water Treatment (AWWT)
Improve secondary and tertiary treatment
capacity and its utilisation for WW generated
in houses, and commercial and industrial
establishmentsEnhance methane recovery
from industrial waste water

50% sanitation in rural areas; 10% sludge removal
from domestic waste water by 2030; 35% sludge
removal and 10% methane recoveryfrom
industrial waste water by 2030

100% sanitation in rural areas; 20% sludge removal from
domedic waste water by 2030; 60% sludge removal and
30% methane recovery from industrial waste water by
2030

Integrated Solid Waste Management (ISWM)
Revamp solid waste value chain from collectiq

to disposal

90% waste collection; 65% of total waste generat
dumped at landfill sites by 2030

100% waste collection; 40% of total waste generated
dumped at landfill sites; 10% methane recovery by 2030

© CSTEP
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Focus on these opportunitieswould significantly alleviate the sustainability challenges faced in
BAU. The cumlative impact of green growth opportunities is highlighted below.

Power

Electricity demand in the state can be reduced by about 20 TWh through improved energy
efficiency in buildings,industries, and agriculture?” Coupled with T&D measures, the generation

OANOEOAA ET ¢mom xT Ol A AA 11T xAOAA AU ox 47Eh

consumption in 2010 (Figure 9). Policies to promote wind and solar power can increase their
share in generation tol AAOT U ¢mpb AT A uvbp OAOPAAOEOAI Uh
thermal power from 70% in BAU to less than 60%.

Generation in BAU: 175 TWh Generation in GG: 138 TWh

3%

3% 4%

11% 19%

2%

2%
5%

®Thermal ®Hydro = Nuclear mSHP ®mWind & Biomass ™ Solar

Figure 9: Source-wise Electricity Generation in BAU and GG (2030)

To meet the RE generation target of 30%, thmstalled capacity of wind power can increase
from the present 2.5 GW to 11 GW while that of solar power could exceed 4 @Mluch of the
increase in renewable energy is observed in wind power as it is a cheaper electricity source for
Karnataka. With demandside management, T&D measures, and increased renewable energy
share, about 6 GW of capacity addition in coal power can be avoided in comparison to BAU
(Figure 10).

27 The current scenariosdo not take behavioural tendencies such as the rebound effect of energy efficiency into
account. Studies indicate that while higher efficiency may lead to some increase in hours of use of lighting and
appliances, its impact on energy consumption is notkely to be significant.

28 The solar power capacity in GG does not reflect a significant addition over BAU because of overall reduction in
electricity demand due to higher energy efficiency.
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Figure 10: Fuel-wise Installed Capacity in GG

Land Availability for Renewable Energy

The land requirement of the power sector could increase by over 350 sg. km in GG, primarily because of 3 GW
additional installed capacity of wind (from 8 GW in BAU to 11 GW in GG). However, this is less than 10% of
total suitable wasteland and agricultural land indistricts with the highest wind potential, i.e. Chitradurga, Hassan,
Bellary, Koppal, Chikkamagalur and Chamraj Nag@Appendix 1). Further, though the total land area required

may be high, wind power has a relatively small footpriniz only about 5% of theland is needed for proper

operation of the power plant and the rest of the land can be put to other use. In addition, the state has existil
installed capacity of over 2 GW and has allocated capacity for over 10 GW of wind power. By ensuring that wi
power on these sites is harnessed through more recent turbine technologies, which operate at higher hub heigt
(>100 m) and benefit from higher capacity factors, the state can decrease land requirement without reducin
generation from wind energy. Neverthelss, the state government needs to address challenges in conversion

private land that the wind industry currently faces in Karnataka. Further, in case allocated capacity does n¢
translate into commissioned plants in a timebound manner, Karnataka Renewlale Energy Development Limited

(KREDL) should reallocate the capacity to another developer to prevent squatting on public land.

Fossil Fuel Dependence

The overall demand for fossil fuels can be reduced by about 19% (about 15 Mtoe) through the
opportunities identified above. Three initiatives can achieve over twdghirds of this reduction:
SEC reduction of about 25% in Iron & Steel and about 30% in Cement, aggressive reduction in
transmission and distribution losses to

about 7%, and installed capacity of about

11 GW in wind and 4 GW in solar by 2030.

The reduction in annual coalburnt for the

power sector alone would be about 20 Mt

Z nearly double the consumption by the

sector in 2010. In addition, industries can

avoid 8 Mt of annual coal use, thereby

reducing expenditure on energy and improving competitiveness. Further, initiaties in
transport can reduce annual demand for petroleum products by 4 Mtoe.
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Water Availability

Water requirement for electricity generation can be lowered by 18% or 304 MChh 2030
mainly on account of reduction in thermal generation.This reduction is primarily due to
increase in renewable energy, reduction in T&D losses, and promotion of waste heat recovery in
industries. Lower water demand in the power sector would not only reduce the vulnerability of
the sector to water shortages but can also free up weitt for nearly 4.5 million people?? Energy-
efficient pump-sets, chosen based on the agiimatic zone and ground water availability,
would also lead to lower withdrawals and accrue water savings in agriculture.

Improvement in secondary and tertiary wastewater treatment can cumulatively recycle about

3 BCM of water till 2030, of which 52% is contributed by industrial water treatment. Strict
AT £ OAAT AT O T &£ #o0#" 11010 £ O OEA OOAAS AAOACT OU
industrial clusters to set up Common

Effluent Treatment Plants (CETPs), and

rapid capacity expansion and utilisation of

advanced treatment methods in urban

municipalities can help bring about the

change. This can reducethe demand for

fresh water for industrial processes andrrigation. Avoiding open burning and landfill dumping,
and recycling waste will also lead to reduction in water degradation from new landfill sites that
would have otherwise have come up in the absence of integrated solid waste management
practices.

Impact on Land

With segregation at source, proper collection, and scientific disposal, about 5.5kt of waste
can be put to alternative uses instead of being dumped at landfill sites. This would eliminate
urban land requirement of about 100 hectares (ha) irKarnataka, including 56 ha in Bangalore.
Further, it will prevent the degradation of adjoining land and also improve urban aesthetics.
Given the rapidly expanding scale of economic activity in the state, even conservative cost
savings for municipalities from the avoided land could be as high as INR 300 milligh.

Air Quality

Concerns over air quality, particularly in Bangalore, can be significantly mitigated by
implementing greening options for transport. In comparison to BAUannual PMo emissions
from transport reduce by nearly 30% (about8 tpd in 2030), primarily because of the transition

of buses and taxis from diesel to CNG and improvements in fuel efficiencies of new vehicles.
Similarly, greening the power sector can reduce thermal generation and de@®e its SQ@
emissions by onethird. Improved air quality would in turn help reduce pollution-related health
issues and improve quality of life.

29~304 MCM of water saved in GG can cater to the annual consumptiof about 4.5 million people (based on 200
litres per capita per day norm).

30 At a price of INR 1,000/sq. foot. The actual payment according to the land acquisition laws may be double or triple
of the prevalent market value.
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Greenhouse Gas Emissions

The green growth opportunities outlined above can avoid about 70 MtG®in 2030 (Figure 11).

The largest reduction in emissions is observed in industries (26 MtG€). Improving fuel
efficiency of freight and passenger vehicles and converting buses and taxis to CNG are the
primary mitigation options in the transport sector. Emissionsreduction in residential and
commercial buildings occursprimarily because of lower emissions intensity of the power sector

in GG Consequently, per capita emissions could reduce to about 4 #&din comparison to 5
tCQe in BAU) and the emissions intensity of GSDP could reduce by 37% (as opposed to 18%
BAU) in 2030.
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Figure 11: GHG Emissions Reduction in GG

31 Miscellaneous sources of GHG emissiors include municipal street lighting and water pumping (due to electricity
use).
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Greening Cities in Karnatak a

“"U ¢monh 11T OA OEAT EAI £ T £ +A0I AGAEASO xc¢ T EITEIT
phase of ongoing population and economic growth will be pivotal for green growth. Some challenges that citi¢
will face in the course of beir evolution are:

Providing affordable housing and transport to the increasing population

Meeting the eightfold rise in electricity demand from buildings

Catering to increasing urban water demand amongst competing uses

Managing the collection and dispoal of waste

Ensuring liveability despite congestion and pollution from the threefold increase in onroad vehicles

= =4 —a —a -

BAU compels the question: what are the alternatives and to what extent can they solve the challengesntioned
above? The gpportunities examined address several of the challenges that cities will face in BAU. For example:

1 Improving the public transport network, encouraging nonmotorised transport, and providing better
last mile connectivity can reduce vehicles on road in 2030 by 3 million

1 Increasing overall efficiency of lighting and appliances in buildings can avoid 8.5 GW of generati
capacity in 2030

1 Improving fuel economy of vehicles and shifting buses and taxis to CNG can also reduce air pollution
cities by onethird

1  Shifting to renewable energy and installing energyefficient irrigation pump -sets can save at least 300
MCM of water in 2030 while recycling wastewater can provide up to 400 MCM of water for alternative
uses

1 Upgrading waste management to ensure 100% collection and segregat along with recycling,
composting, and material recovery can prevent environmental degradation and avoid 100 hectares ¢
urban land-fill area in 2030

For these benefits to be realised, appropriate policies with welllefined targets, price and norprice incentives,
and institutional mechanisms are needed. However, other citgpecific greening measures such as developmen
of green spaces, raifwater harvesting, energy conservation laws for large buildings, and intelligent traffic
management systems will o be needed to make cities in the state sustainable.
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Evaluation of Green Growth Opportunities

In order to realise the benefits of the green growth opportunities identified above, the state will
have to provide policy focus in the near term. To this end, the green growth opportunitiesere
evaluated and prioritised to arrive at a set of keyopportunities (Figure 12). Each opportunity
was treated as a separate scenario and evaluated with respect to its relative contribution
towards green growth imperatives over BAU.

List of potential
green growth
opportunities —

Prioritized
measures for the
identified in
SAPCC and other
sectoral plans

Green Economy

Plan

Opportunities modelled to Identification of key
assess impact on opportunities for immediate
sustainability issues policy action or deeper analysis

Figure 12: Approach to Assess Green Growth Opportunities

For further evaluation for prioritisation, the benefits have beencategorised into two broad

categories: green growth benefits, i.e. nefinancial economic, social, loal environmental and

mitigation 'v and financial attractiveness, which reflects the total required public and private
investment as wellas the payback period.
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