Integrated Assessment of Regional Biofuel Scenarios

— a Case Study from India

Dissertation
zur Erlangung des akademischen Grades

doctorum rerum naturalium (Dr. rer. nat.)
vorgelegt der
Naturwissenschaftlichen Fakultat 111

der Martin-Luther Universitat Halle-Wittenberg

von

Subhashree Das, geboren am 23.08.1978 in Patna, India

1. Gutachter: Prof. Dr. Ralf Seppelt

2. Gutachter: Prof. Dr. Patrick Hostert

Halle (Salle), den 08.07.2011 (Tag der Verteidigung)






Summary

Land use and land cover changes are a result of human modification and transformation
processes applied to ecosystems and landscapes. Terrestrial change is considered as the
largest human induced change on earth. Changes in land use and land cover pattern are
particularly important for countries like India, where existing levels of high pressure on land
systems are exacerbated by an increasing number of driving factors. To exemplify, the
reduction in consumption of limited fossil fuels has increased the production of bioenergy,
which partly uses the finite resource ‘land’, thus making bioenergy production a driver of land
use change. Land intensive bioenergy production (from energy crops) has given rise to
concerns regarding its implications in the form of land conversion, degradation,
intensification, food shortages and altered levels of greenhouse gas emissions. It is therefore
important to estimate the capacity of available land and potential future changes in extend
and patterns of land use and their consequences. For this reason, simulation tools are
needed to analyse current and potential future land use dynamics and investigate options

and limitations as well as potential impacts on environment and society.

The research presented in this dissertation was conducted for the state of Karnataka in
South India. It aimed at building a comprehensive understanding of the various aspects
related to bioenergy in India, ranging from policy and the socio-economics of biofuels to
productivity, availability and allocation of land resources. Findings from literature and
contemporary political directives concluded that the Indian biofuel programme has centered
around the use of sugarcane as bioethanol feedstock and Jatropha curcas L. as biodiesel
feedstock (which is expected to be planted only on wastelands). Jatropha cultivation is
characterised by a large degree of uncertainty with respect to productivity on wastelands and
management practices. A target of 20% blending until 2017 for both biodiesel and bioethanol
has been recommended by the Indian government. Based upon these preconditions, an
integrated modelling framework was developed to investigate if biofuel production in the
region would meet political targets, study potential future impacts of energy production on

current land use and land cover and analyse implications regarding food security.

The modelling framework —SITE (Slmulation of Terrestrial Environments) was applied within
the paradigm of integrated assessment studies covering biophysical, social and economic
components. Biofuel production was estimated by the application of a process based model
simulating Jatropha and sugarcane while food production was estimated by modelling the
other six major food crops in the region. Using the policy target of 20% blending of biofuels,
two scenarios based on trajectories of economic growth were constructed- ‘Industrial

Economy” (IE) and ‘Agricultural Economy’ (AE).



Simulations run until 2025 indicated that against the 20% target of biofuel blending by 2017,
bioethanol production is almost met under both scenario conditions (88% in IE and 93% in
AE) while biodiesel targets cannot be met if production is limited only to wastelands as
planned in the biofuel policy. Biodiesel targets can be successfully met only with a
combination of biodiesel production on agricultural land (74% in IE and 71% in AE) together
with wastelands (26% in IE and 29% in AE) under both scenarios. Food production under
both scenarios is not impacted directly until 2025 but this occurs at the expense of utilisation
of long and short-term fallows, however reducing the intended function of fallows to provide

opportunities for soil fertility restoration.

In conclusion, food-fuel balance seems achievable in the state of Karnataka (and in India),
however land use intensification emerges as a major trade-off, manifested by sharp decline
in fallow area. For biofuels to be a sustainable component of the renewable energy matrix
there is scope to improve some of the critical factors associated with biofuel production
systems. These factors include reducing dependence on single crops (currently Jatropha and
sugarcane), improving oil extraction technologies for Jatropha, implementing alternative
higher-yielding routes for ethanol production (bagasse-ethanol), reducing the dependence on
wastelands by using dual purpose food-fuel crops and conserving available resources,
especially water to improve productivity of energy crops. If land management, production
practices and economic incentives are improved, first generation biofuels can certainly

contribute to the renewable energy matrix in India.



Zusammenfassung

Landnutzungs- und Landbedeckungsénderungen werden als ein Ergebnis menschlicher
Eingriffe und Transformationsprozesse in Okosysteme und Landschaften gesehen. Sie
zéhlen damit global zu den gréf3ten von Menschen verursachten Eingriffen. Bedingt durch
eine Vielzahl zunehmender Antriebsfaktoren wachst in L&ndern wie Indien der Druck auf
terrestrische Systeme. Die angestrebte Verminderung in der Nutzung fossiler Energietrager
und der damit verbundene Anstieg der Bioenergieproduktion, ist als einer dieser Treiber
anzusehen. Der Anbau von landintensiven Bioenergiepflanzen wirft daher vermehrt Fragen
auf, insbesondere was die Auswirkungen im Hinblick auf Landkonversion,
Bodendegradation, Intensivierung, Verknappung von Nahrungsmitteln sowie den Ausstol3
von Treibhausgasen betrifft. Daher ist es besonders wichtig eine Abschatzung der
vorhandenen Kapazitdten sowie zuklnftiger potentieller Veranderungen bezuglich der
Ausdehnung von Landnutzung und ihrer rdumlichen Anordnung durchzufiihren. Zu diesem
Zweck werden Simulationswerkzeuge bendtigt, die einerseits in der Lage sind aktuelle und
zuklnftige Landnutzungsdynamiken zu analysieren, andererseits potentielle Optionen und

Einschrankungen sowie mdgliche Einflisse auf Umwelt und Gesellschaft abzuschéatzen.

Als Fallbeispiel wurde in dieser Dissertation der Bundesstaat Karnataka in Sudindien
analysiert. Ziel war es, ein umfassendes Verstdndnis wichtiger Aspekte des
Bioenergieanbaus zu erlangen, angefangen bei den politischen Zielen und Richtlinien, den
soziobkonomischen Bedingungen, bis zur Produktivitat von Bioenergiepflanzen und der
Verflgbarkeit bzw. Allokation von Landressourcen. Erkenntnisse aus der Literatur sowie die
aktuelle politische Ausrichtung zeigten, dass das indische Bioenergieprogramm sich im
Wesentlichen auf den Anbau von Zuckerrohr (Saccharum officinarum) und Jatropha
(Jatropha curcas L.) konzentriert. Zuckerrohr wird dabei als Rohstoff fir die Bioethanol
Herstellung herangezogen und Jatropha als Ausgangsmaterial fur die Erzeugung von
Biodiesel. Jatropha soll ausschlieRlich auf Odland angebaut werden, wobei der Anbau von
einer Vielzahl von Unsicherheitsfaktoren begleitet ist. Diese beziehen sich zum einen auf die
Pflanzenproduktivitat, zum anderen auf die BewirtschaftungsmafRhahmen. Ziel der indischen
Regierung ist bis 2017 eine Biodiesel-, bzw. Bioethanolbeimischung von 20 % bei
Kraftstoffen zu erreichen. Aufbauend auf der Entwicklung eines integrierten Modells,
untersucht diese Arbeit, ob die geplanten politischen Vorgaben fir die Biokraftstoffproduktion
erreicht werden kénnen und welchen Einfluss die Bioenergieproduktion auf die Landnutzung-
und Landbedeckung haben wird, beziehungsweise welche Implikationen in Bezug auf die

Nahrungsmittelsicherheit auftreten kénnen.

Die Modellierungsplatform SITE (SImulation of Terrestrial Environments) wurde fir diese

Studie weiterentwickelt, um ein ,Integriertes Assessment” anhand von biophysikalischen,



sozialen und ©konomischen Faktoren durchzufihren. Die Herstellung von Biokraftstoff,
insbesondere der Anbau von Jatropha und Zuckerrohr wurde dabei durch die Anwendung
eines prozessbasierten Pflanzenwachstumsmodells abgeschétzt. Die Simulation der
Nahrungsmittelproduktion in der Region wurde durch die Modellierung der sechs wichtigsten
Anbauprodukte abgedeckt. Auf Basis der politischen Vorgabe einer 20%igen Beimischung
von Biokraftstoff wurden zwei Zukunftsszenarien entwickelt, welche auf unterschiedlichen
okonomischen Entwicklungsrichtungen beruhen: ,Industrial Economy” (IE) und ,Agricultural
Economy” (AE). Simulationslaufe bis zum Jahr 2025 zeigten, dass die politischen Vorgaben
bei der Herstellung von Bioethanol in beiden Szenarien erreicht werden kénnen, wohingegen
die angestrebte Produktion von Biodiesel nur zum Teil erreicht wird, wenn der Anbau auf
Odland beschrankt bleibt. Unter der Annahme, dass fiir die Herstellung von Biodiesel auch
Agrarflachen hinzugezogen werden, kénnen die fehlenden 74% in Szenario IE und 71% in
Szenario AE erzeugt werden. Direkte Auswirkungen auf die Nahrungsmittelproduktion sind
bis 2025 nicht zu erwarten. Die in den Szenarien aufgetretene starke Zunahme der Nutzung
von Brachland kénnte sich jedoch mittel- bzw. langfristig negativ auf die Bodenfruchtbarkeit

auswirken.

Insgesamt scheint es maoglich eine Balance zwischen Nahrungsmittelproduktion und der
Herstellung von Biokraftstoffen in Karnataka bzw. unter Umstédnden auch in ganz Indien zu
erreichen. Die damit verbundene Intensivierung der Landwirtschaft hat jedoch einen starken
Rickgang von Brachland mit mdglicherweise negativen Auswirkungen zur Folge. Um das
Ziel zu erreichen, Biokraftstoffe als nachhaltige Komponenten im Bereich ,erneuerbare
Energien® einzusetzen, muissen wichtige Faktoren im Prozess der Biokraftstoffproduktion
neu Uberdacht werden. Einer dieser Faktoren ist die momentane Abh&ngigkeit von nur
wenigen  Energiepflanzen  wie = Zuckerrohr und  Jatropha. Zudem  besteht
Verbesserungsbedarf bei den Extraktionsmethoden des Ols, insbesondere bei Jatropha, die
bis zu 40% Effizienzgewinne ermdglichen. Des Weiteren sollte Uber unterschiedliche
ertragssteigernde Entwicklungspfade nachgedacht werden, beispielsweise bei der
Ethanolproduktion (Bagasse-Ethanol) oder iiber die Einschrankung des Anbaus auf Odland.
Ein moglicher Weg ware die Einfihrung von weiteren multifunktionalen Nahrungs- und
Bioenergiepflanzen (vergleichbar mit Zuckerrohr). Ein weiterer wesentlicher Faktor ist der
Schutz vorhandener Ressourcen, insbesondere des Frischwassers welches fur eine

verbesserte Produktion eingesetzt werden kénnte.

Indiens Bioenergiesektor hat das Potenzial, bei koordinierter Verbesserung von
Landbewirtschaftung, Prozessierung und 6konomischer Anreize, dass Biokraftstoffe der
ersten Generation in Zukunft einen wichtigen Beitrag zu einer nachhaltigeren

Energieerzeugung leisten.



Acknowledgements

It is a pleasure to acknowledge with gratitude the contribution of several people towards the
completion of this doctoral research. | would like to express my thanks to Prof. Joseph
Alcamo, Center for Environmental Systems Research, University of Kassel for supervising
the initial part of this research. The latter part of the study was conducted at the Department
Computational Landscape Ecology, UFZ, Leipzig. My thanks to Prof. Ralf Seppelt for his
supervision and useful discussions towards finalizing the study. | am indebted to Dr. Jérg
Priess for his invaluable scientifc guidance and hours of discussion throughout the course of
this work as my immediate advisor. | also thank him for his consistent help and friendliness in
many critical time periods of this research. The outstanding support from the DAAD
(Deutscher Akademischer Austauch Dienst) who funded this study is greatly appreciated.
Many thanks to Ms. Cordula Behrsing, DAAD, for her excellent management of my

scholarship programme.

This research required large amount of input data which was provided by several Indian
organisations. | would like to express my gratitude to Dr. P. S Roy, Dr. V. S Prakash, Dr. V. S
Hegde, Prof. N. H Ravindranath, Dr. P. Sudha and Dr. M. S Punia for facilitating data
provision and collection. | would like to extend my thanks to Mr. Gokulprasad in Bangalore
for his excellent responses over e-mail in sending recent statistical data as and when

required.

Very special thanks to Christian Schweitzer, my colleague and friend without whose
programming expertise and patience this work would not have been possible. | thank all my
colleagues and friends at the Department CLE, UFZ for their excellent companionship and
informal discussions which always helped in keeping me spirited.Many thanks to Nina
Schwarz for her reassuring support and friendship. | express my gratitude to Christine Geyer

for her immense help with the printing of the thesis.

I would like to thank all friends who made life easy and very enjoyable in Germany- Christina
Kdlking for her precious friendship and Raj Mudunuri, Souvik Pandey, Subhashis Adkhikari,
Julia Zipp, Javed Jalil and Sukhwinder Singh for creating a “home away from home”. Thanks

to Gaurav Kumar and all other friends in India for their overseas encouragement.

My most sincere thanks to my immediate and extended family for their good wishes from
around the globe. Utmost thanks to Amit for his indispensable support, encouragement and
friendly guidance throughout the last years. Thanks to Sudipt for his affection and inspiration.
My deepest regards to my parents whose wishes, strength and patience have helped me

immeasurably in completing this work.



vi



Table of Contents

Y011 1= 1Y [
ZUSAMMENTASSUNG  ...eiieiiiiiiii et e e e et e et e e e e e e e e e e ta e e e e e e e e eeaetea e e e e e e eeeeatasnn e aeeeeeeeeennnnnnaeeeens iii
ACKNOWIEAGEMENTS ... v
LiSt Of ADDIeVIAtIONS  .....eeieiiiiieee e nnnnne Xi
R 1 oo (U T i o] o H P PP PP PP PPPPPPPPPPPPPR 2
1.1 Background and MOtIVALION............uiiiii e 2
1.2 AIMS OF the STUAY ... e e e e e eeeees 4
13 Structure of the diISSErtation ................ueeieereiuiiiiiiii e 5

2 Biofuel options for India- Perspectives on land ava ilability, land management and

F= T To BV Y= od o= T = SRR 8
Y 0] 1 = To! ST PP P PP PPPPPPPPPPPPPPPP 8
Lo INEFOTUCTION .. 8
1.1 The National Biofuel POICY .........uoiiiiii e 9
1.2 National Mission 0N BIOdIESEl ............oiiiiiiiiiiiiiiiiiiiee e 10
1.3 Biodiesel PUIChase POlICY .......uueiiiieeiieeeee e 10
1.4 (1 =T Lo I =] o Y S 11
15 Biodiesel Options iN INAIA.........cooiiii i 11
2.  Land zoning and availability ..............ccoiririiiiii 13
2.1 Forest Cover and Common Property Resources (CPRS) .......ccceevvveiiiveeiiiinnnn. 15
2.2 Land conversion and DIOfUEIS.............ooiiiiiiiiiii e 16
3. €8S SUAIES ....eiiiiieiiiit ettt 19
3.1 Study I: Potential of wastelands for intensified bioenergy production ................ 19

3.2 Study 1l: Potential land requirements for sugarcane and Jatropha to achieve

national bioenergy pPoliCy goals ........ooooiiiiiiiiie e 21

3.3 Study I1I: Assessment of potential productivity of Jatropha at sub-national scale .

.......................................................................................................................... 23
3.4 Study IV: Biofuel Blending SCENArIIOS ........ccoeiiiiiiiiiii e 24
N B o1 011 (o] [P P PP P PP PPPPPPPPPPPPPPP 25



3

4

LR O] o (o[ U= [0 o PR 27

6.  ACKNOWIEAGEMENIS. ... .. 27
7. RETEIEBNCES ... 28
Zig-zagging into the future: the role of biofuels i nindia ........cccccvvieiii e 34
Y 0] 1 = To! ST P PP PP PPPPPPPPPPPPPPP 34
Lo INEOTUCTION ... 34
2. Recent biofuel policies and related science in India.............ccccevvvviiiiiiiecee, 35
3. Current challenges and adaptive Strategies ............cceeiiiieiiieeiiiiii e e 42
3.1 Land availability and land allocation ...............cccovvvviiiiiiie e, 42
3.2 Biofuels and climate Change ... 43
3.3 Financial and marketing institutions for biofuels ............cccccciiii . 44
4. CONCIUSIONS ...ttt e e e e e e e e 45
Yo gLVl [=Te [ T 4 =T £ USRS 46
RETEIEINCES ...t e e 46
Study area and the modeling framework “SITE - Karna  taka” ............ccccoooiiiiiiinnnns 52
4.1 Y180 Y Y =T 52
4.1.1 Physiography and CliMate ............coooiiiiiiiiiiiii e 52
4.1.2  LANU USE ... 53
o G T B 1= o 4 To To | = o 0 )Y/ 53
S T olo] a0 ] 1 1)V 54
4.2 A generic framework for land-use modelling- SITE ... 55
N [ 01 10T [V Ty i [o] o PSP PP PP PPPPPPPPPPPPPPP 56
A Y/ (o To (=] 1T To =)A= o T 56
2.1 YV A3 (=] 0 0 10 (o] 1 ¢ = V1 o 1 58
2.2 Y o] o] [Tox=1 1 o] I e [o] 1 4711 o SN 59
2.3 Validation methods and automated calibration...............ccccceiviiiiiiiiiie 62
2.4 ENVIronmental SCENANOS ........ccoiiiiiiiiiiiice e 62
3. CONCIUSIONS ...ttt 62



ACKNOWIEAGEMENLS ...t e et e e e e e e eeenan e eas 63

REIEIENCES. ... 63
4.3 SITE-Karnataka — NeW COMPONENTS.......o.uuuuiiiieeeiiiieiiee e 66
4.3.1 ECONOMIC COMPONENTS ....oiiiiieeeeeeee e 66
4.3.2 Agricultural marketing in Karnataka..............ooooeeiiiiiieeeeeeeeeee 66
4.3.3 Implementation in SITE- Karnataka.............coooooioiiiiie 68

5 Production and processing of biofuels in South Indi Bl 72
ADSTIACT ...t e e e 72
O 101 1 (0T [§Tox 1 o] o DT PR E PP TP PPPPRT 72
2. IMEENOUS ... 74
2.1 Y100 VA= U= U 74
2.2 Modelling framework for potential yield calculation.............cccccceeeiiiiiiiieiiiennnn. 75
2.3 Estimation of wasteland availability ................ccccviiiiiii e, 76
2.4 Seed oil content and oil extraction technologi€s...........cccovvvvviiiiiiiee i, 76
3. RESUILS .. 77
3.1 Modeling results for potential seed yields...........ooouiiiiiiiiii 77
3.2 Calculation of potential Oil Yields ..........ccoooii i 79
3.3 Calculation of additional land requIrements............cccoeeeiiii 81
N B o1 011 (o] [P P PP PP P PPPPPPPPPPPPPPP 82
5. ACKNOWIEAGEMENLS. ...cciiiiiiiiiiiiiiiiiiiee et 85
6.  RETEIENCES ... 86
Supplementary Material ..........coooi e 90
References (SUPPIEMENTAIY) .....ccoo e 95
6 Modelling regional scale biofuel scenarios- a case study for India ..........ccovveeennnnn. 98
ADSTIACT ...t e et e e 98
Lo INETOAUCTION ...ttt e e e e e e e e eas 98
P (8 1 |V AN £ - P 101
3. MEENOAS . ... 102



3.1 Land USE ClasSSIfICALION .....eeieee ettt e e e e e aeens 103

3.2 Land use model - SITE Karnataka ............cccooooiis 105

3.3 Model calibration and validation .............ccooooooiioiie 108

3.4 POLICY SCENATOS ... s 113

4. RESUILS ..ottt 116
LT B o1 011 (o] [P P PP PPPPPPPPPPPPPPPPP 124
6.  ACKNOWIEAGEMENIS. .. ..o e 128
7o RETEIENCES ..ot 128
Supplementary Material ..........ccooiiiiiiiiiii e e ——————— 135
SECHON |ttt e e 135
SECHON Il ..ttt e e e e e 139
References (SUPPIEMENTAIY) .......ccoiiiiiiiiie e e e e e 154

7 Discussion and CONCIUSIONS  .....uuiuiiiiiiiiiiiii e 160
(Y= (=T =] 0 [T PP P PP PPPPPPPPPPPPPPP 164
CUITICUIUM VITBIE ...ttt snnnnnnnne 172
= LU T RS 174



List of Abbreviations

ACRP
AD
AE
APMC
CA
CDM
CFT
coc
CPR
DOLR
dLuc
EBP
FAO
FDI
FHP
GDP
GHG
GIS
GUI
HSD
IE
iLUC
KSAMB
LCA
LUCC
MIS
MPP
MSP
NGO
NOVODB
NRSA
omC
PFT
ROC
SD
SITE
SMP
SVO
TFR

Agro-Climatic Regional Planning
Application Domain

Agricultural Economy

Agricultural Produce Marketing Committees
Cellular Automata

Clean Development Mechanism

Crop Functional Types

Cost of Cultivation

Common Property Resources
Department of Land Resources

Direct land use change

Ethanol Blended Petrol

Food and Agricultural Organization
Foreign Direct Investment

Farm Harvest Prices

Gross Domestic Product

Greenhouse Gas Emissions
Geographic Information Systems
Graphical User Interface

High Speed Diesel

Industrial Economy

Indirect land use change

Karnataka State Agricultural Marketing Board
Life Cycle Analysis

Land-use and land-cover change
Marketing Information System
Minimum Purchase Price

Minimum Support Price

Non Governmental Organisation
National Oilseeds and Vegetable Oil Development Board
National Remote Sensing Agency

Oil Marketing Companies

Plant Fuctional Types

Relative Operating Characteristic
System Domain

Simulation of Terrestrial Environments
Statutory Minimum Price

Straight Vegetable Oils

Total Fertility Rate

Xi



Xii



Introduction

1 Introduction

1.1 Background and motivation

Land use change is a complex and dynamic process that links natural and human systems
with impacts on soil, water and atmosphere, all of them issues of potential environmental
significance (Meyer and Turner 1994). Land use change models are tools for understanding
and explaining the causes and consequences of land use dynamics and explore future land
use changes under different boundary conditions or scenarios (Alcamo et al. 2006;
Veldkamp and Verburg 2004). The processes, drivers and consequences are also intimately
linked with each other (Briassoulis H 2000) thereby signifying the need for multidisciplinary
analyses (Clayton and Radcliffe 1996).

Drivers of land use change in the tropics range from natural variability of climate and soils, or
landscape attributes, over agricultural expansion and intensification, to demographic and
economic changes, technological advancement, or institutional or cultural factors (Lambin et
al. 2003). In recent years, bioenergy crops have emerged as important new drivers of land
use change, and concerns regarding the spatial demands and socio-economic

consequences have been put forth by several scientists (Beringer et al. 2011).

Bioenergy includes all forms of energy derived from plant matter (trees, shrubs and crops)
and animal dung. In developing countries all across the world, and particularly in India,
various forms of bioenergy have been used for several millennia for cooking and domestic
heating. Biomass based energy is used in both urban and rural areas in India across the
domestic and industrial sector. In rural areas traditional forms of energy sources are
fuelwood, cattle dung and crop residues used for cooking and heating water for bathing. In
urban areas a gradual shift from biomass based energy to liquid and gaseous fuels has been
observed in India, although there are large regional variations. Moreover, low income groups
in urban areas use traditional forms of bioenergy for cooking. Industrial uses of biomass
include manufacture of bricks, tiles, lime and agro-processing units such as those involved in
jaggery production. Urban users of bioenergy also include establishments such as hotels,
bakeries and marriage halls where fuelwood is used for cooking (Ravindranath and Hall,
1995). The limited availability of petroleum and increasing prices of fossil fuel fostered
research towards modern forms of bioenergy (liquid or gaseous fuels for the transport sector
-biofuels) that are predominantly derived from seeds of plants, eg., Jatropha curcas,
Pongamia pinnata(biodiesel) or ethanol from sugarcane, sweet sorghum, cassava

(bioethanol).
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However, bioenergy remains one of the most complex and strongly debated forms of
renewable energy considering multiple inter-linkages it shares with other natural resources
(Schubert et al. 2009). While on one hand, forest based sources of energy such as fuelwood
have been linked to increased levels of deforestation in Africa (Struhsaker 1987; Sankhayan
and Hofstad 2001) and biodiversity loss, it has been argued that fuelwood collection does not
contribute to direct felling/clear cutting of forests in India (Nagothu 2001, Ravindranath and
Hall 1995). Loss of biodiversity due to bioenergy has also been heavily debated (Sullivan
1999). Similarly, for modern forms of bioenergy, while increased use of biofuels is said to
reduce dependence on fossil fuels and help in making a transition to low-carbon economies
through reduction of greenhouse gas emissions (GHGs) (Beringer et al. 2011; Liaquat et al.
2010) several scientists have reported that biofuel use is not always sustainable in the long-
term as net GHG emissions due to land use change may override the effects of short-term
mitigation potential of biofuels (Fargione et al. 2008; Brindaban et al. 2009, Romijn 2010).
Direct and indirect land use change (dLUC and iLUC) due to biofuels production have
captured widespread interest amongst scientists and related studies have been carried out
presenting a wide range of results (Hellmann and Verburg 2010; Overmars et al. 2011,
Havlik et al. 2010; Rathmann et al. 2010). The increasing demand of land to grow biofuels
has given rise to the concern that large tracts of arable land for biofuel production may be
diverted to grow biofuels, thus causing food insecurity. Food insecurity issues, in turn have
been linked to increased food prices globally thus identifying biofuels as one of the causes
(OECD 2008; Gerber et al. 2009; Eide 2008). This aspect has also been argued against by
authors who report that biofuels has had only a modest contribution to increased food prices
(Ajanovic, 2010; Mueller et al. 2011). Advantages of using biofuels include employment
generation in rural economies and benefits derived from co-products of biofuel feedstock, or
producing biofuels as co-products e.g. from processing sugarcane or jatropha (FAO 2008;
Openshaw 2000; Ewing and Msangi 2009). However, the income-generation capacity of
biofuels for the poorer sections of the society remains unclear (Brittaine and Lutaladio 2010;
Ariza-Montobbio and Lele 2010; Romijn and Caniels 2011).Therefore almost all aspects of
biofuels remain debatable; however, it is evident that the implications of the multi-
dimensional nature of biofuel development are largely dependent on the region, scale,

associated management practices and policies at the state and other administrative levels.

Land use changes due to biofuels and impacts thereof are especially significant for
developing countries and raise urgent scientific questions that need to be answered (Thran
et al 2010; Ewing and Msangi 2009). With increasing economic development, a shift from
biomass energy to fossil fuels and electricity has been observed historically in developed
countries. Notably this has not been the case in India, where 20 years of statistical data

proves that dependence on biomass based energy sources has risen constantly

3
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(Ravindranath and Hall 1995). India as an emerging economy is faced with the challenge of
simultaneously meeting rising demands (food, feed and fuel) as well as ensuring
environmental compliance of sustainable practices to meet these demands. Compounding
the challenge is India’s population size (~1 billion) and economically heterogeneous society
across which these demands have to be fulfilled (Ravindranath and Balachandra 2009). The
increasing importance of the discourse surrounding food-fuel issues is reflected in India’s
legislative steps towards legalising both energy and food rights through policy mechanisms
(Ministry of New and Renewable Energy 2009; Ministry of Agriculture 2010). However as
Dale 2009, contends in an editorial article- “Good science must precede good policy”. Future
pathways of ensuring food and energy security in India require to be substantiated by robust
scientific evidence of the possible range of positive and negative impacts of biofuel
production (Ravindranath et al. 2010). Rising economy, rapid urbanization and food-fuel
demands have been recognized as key forces of land use change in India (DeFries and
Pandey 2010). Since land use change in the context of biofuel expansion is a complex
process driven by several interdependent drivers, a landscape approach that accounts for
changes in land use and management for bioenergy feedstocks is critical. Further, this
approach helps clarify trade-offs involved in making choices for food or energy production,

protection of biodiversity or fulfilling societal needs (Dale et al. 2010).

The research carried out in this dissertation was motivated by the strong emergence of
biofuels in India starting in 2003-2004 and the limited number of studies evaluating the
potential contribution and environmental consequences of biofuel production. Using the
southern Indian state of Karnataka as an example this study has adopted an integrated
modelling approach to analyze the role of biofuels in the energy matrix, implications on land
use, trade-offs with food production and contribution of biofuels to income generation. The
modeling framework used is SITE (SImulation of Terrestrial Environments) (Mimler and
Priess 2008; Schweitzer et al. 2011) which has been successfully employed for regional
scale studies in Mongolia and Indonesia (Priess et al. 2011; Priess et al. 2007). The study
addresses regionally significant biophysical and socio-economic drivers of land use change
and explores future pathways of land use dynamics through scenario analysis up to 2025.

The results of this study contribute to the subject of biofuels and land use in India.

1.2 Aims of the study
The specific aims of this research were-

® Assessment of current land use patterns, key drivers of land-use change in the

region, existing biofuel options in India and research gaps
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(ii) Analysis of the institutional context of current policy frameworks for biofuels in

India and identification of potential governance options

(i) Parameterization of the biofuel crop Jatropha curcas and assessment of the

production chain of biodiesel from Jatropha

(iv) Scenario analysis of future land use dynamics in Karnataka integrating food and

biofuel demands

1.3 Structure of the dissertation

This dissertation consists of seven chapters. Chapter 2, 3, 5, 6 and part of Chapter 4 (section
4.2) correspond to separate journal articles and retain the structure of the original
manuscripts including supplementary material and reference sections. References for all

other sections of the dissertation can be found at the end of the thesis.

Chapter 2 introduces the biofuel options being pursued in India and the corresponding policy
mechanisms that have been developed or are under development. Next, the chapter
provides an overview of land use systems and the status of contentious land such as forest
and common property lands. Perspectives on land availability and scope of land conversion
have also been covered. The chapter produces short representations of four modelling case
studies for biofuel assessments at the national and sub-national scale in India and observes
the need for conducting more integrated land use change studies in India especially in the

context of food-fuel issues.

Chapter 3 traces the changing status of the Indian policies with respect to biofuels over the
course of time that this study was conducted. The chapter outlines the different aspects of
the biofuel policies in India and the lack of consistency displayed over a zigzag pattern for
several years in the finalization of a national level policy. Thereafter the chapter focuses on
investigating the role of scientific assessments of Jatropha biofuel production in policy
formulation. Along with Chapter 1, this chapter identifies the important areas of research and

contributes to the research design and priorities of the next chapters of the thesis.

Chapter 4 of the thesis starts with the description of the study area, the state of Karnataka in
south India and provides key information on climate and topography. Relevant details of the
land use structure, demography, agriculture and forest use are also explained. The main
methods used in the thesis are then elaborated, viz. an overview of the SITE framework,
details of the application of the SITE framework to Karnataka (SITE-Karnataka) and

important additions and new aspects introduced therein.

Chapter 5 focuses on features of the Jatropha based biodiesel system in Karnataka. The

chapter gives the details of the parameterization of the energy crop and validates it against
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available field based data from Karnataka and other parts of India that are either share
spatially proximity or climatic conditions with the state. The paper then identifies the most
significant factors in Jatropha biodiesel production chain that impact energy outputs. Findings
presented in this chapter include simulated Jatropha yield estimation on wastelands and

preliminary range of land use change expected due to biofuel expansion.

Chapter 6 describes the application of the model SITE Karnataka and investigates the extent
of potential land use change due to biofuel expansion using boundary conditions of two
scenarios. The results focus on whether adequate biofuel production would be possible in
Karnataka to reach recommended policy mandates and the implications on food production
and land use due to energy plantations. Further, the economic aspects of the production of

biofuels, in terms of net income generation from Jatropha and sugarcane have been shown.

Chapter 7, the last chapter of the dissertation summarizes the main findings and presents

major conclusions and recommendations emerging from the study
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Biofuel options for India

2 Biofuel options for India- Perspectives on land a  vailability, land

management and land-use change *

Abstract

India’'s energy dependence on oil imports has led to energy security becoming a prime
concern for policy makers and has thus warranted an exploration of alternative energy
sources. Globally rising oil prices have led to greater interest in the development of bioenergy
from plant based systems. This paper examines various policy options and mechanisms with
respect to biofuel oilseed crops like Jatropha curcas and Pongamia pinnata, the potential of
the expansion of sugarcane as a source of bioethanol and the emergence of the increased
inclination towards afforestation of wastelands and associated implications and challenges.
Historical land use data indicates that the agricultural area in India has stabilized over the last
decades and has little opportunities of expansion. Considering India’s still fast growing
population, it is expected that land use conversions due to new bioenergy cropping systems
are likely to intensify the already existing competition between residential/industrial land, and
land required for food and energy generation. The paper reviews national and sub-national
scale case studies, which are addressing a number of different topics related to bioenergy
production, such as intensity of land use, crop yields, potential land demands or scenarios

blending petrol with bioethanol.

1. Introduction

India is the sixth largest energy consumer in the world although the per capita use of energy
is one of the lowest in the world, with 439 kgoe, as compared against the world average of
1688 kgoe'. Oil import dependency is expected to increase from currently 73% to 91% by
2030% In order to reduce the dependency on (imported) fossil fuels and to develop
alternative sustainable strategies, the Ministry of New and Renewable Energy (MNRE),
functions as the institutional and policy making department for renewable energy in the
country. In view of the limited amount of conventional domestic sources of energy, to deliver
a sustained growth rate of 8% through 2031-32 and to meet the energy needs of all citizens,
India needs, at the very least, to increase its primary energy supply by 3 to 4 times and, its
electricity generation capacity/supply by 5 to 6 times of their 2003-04 levels®.In this context,

biodiesel generation is one of the emerging technologies being explored. While biodiesel

! Das S, Priess JA, Schweitzer C (2010) Biofuel options for India- perspectives on land availability,
land management and land-use change, Journal of Biobased Materials and Bioenergy 4, 243-255
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from non-edible oils such as Jatropha curcas, Pongamia pinnata, Azadirachta indica etc.,
has recently attracted much attention, its economic feasibility depends largely on the yields
achievable from wastelands and marginal lands and/or the returns farmers can get from
good quality land with irrigation and fertiliser use, as compared to returns from growing other
crops. A number of projects being undertaken now will provide an assessment of these

comparative returns within a few years®.

Contrastingly, edible oils derived from rapeseed, sunflower and soybean, are being used as
feedstock for producing biodiesel for example in the USA and Europe. However, food
security is a national priority in India and therefore India cannot afford to use (or promote)
either cereal grains for ethanol /biogas production or edible oils for biodiesel production, as is
the current practise in other bioenergy producing countries (e.g. the E.U. and the USA). India
is one of the leading importers of vegetable oil in the world, as demand outstrips domestic
production. Furthermore, the production of food grains such as wheat, corn and coarse
cereals, has been relatively stagnant in recent years, forcing India to import wheat in 2006,
after having been an exporter for several years®. In India, as edible oils are in short supply,
non-edible tree borne oilseeds (TBOs) such as Pongamia pinnata L. (Pongamia), Jatropha
curcas L. (Jatropha) and Azadirachta indica A. Juss (Neem) are being considered as sources
of Straight Vegetable Oils (SVOs) and raw material for biodiesel. Research on the use of
SVOs in diesel engines shows that there are problems associated with their high viscosity
and high flash point®. Given the great importance of edible oils for food consumption and the
fact that India is a net importer of such oils, the fledgling Indian biofuel industry has focused

on the development of inedible oilseeds.®

Several Government supported programs are currently ongoing in different states for an
increased assessment of the potential of biofuels as an alternative source of energy. The
following sections outline important policies and the role of implementing agencies for

bioenergy at the national level.

1.1  The National Biofuel Policy
The Draft National Policy on Bio Fuels’ formulated by MNRE has been approved by the

Group of Ministers under the Chairmanship of the Union Minister of Agriculture and
Consumer Affairs. The Biofuel Policy sets an indicative target of 20% blending of both
bioethanol and biodiesel with production limited to wastelands and marg inal lands. There is
a clear manifesto on discouraging the establishment of bioenergy plantations on fertile
irrigated lands, and a strong focus on indigenous production of biofuel feedstock. As part of
the strategy, Minimum Support Prices (MSP) and Minimum Purchase Prices (MPP) are

provided to ensure fair prices for growers’.
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1.2 National Mission on Biodiesel

The Indian Government has developed a National Mission on Biodiesel, which aims to meet
20% of the country’s diesel requirement by 2011-2012, from biodiesel derived from

Jatropha®. The goals were planned to be achieved in two phases:

Phase | (2003- 2007) - in Phase I, the Government undertook demonstration projects of
Jatropha plantations, covering both forest and non-forest lands in various states across the
country. The projects focused on the viability of all activities including plantation
establishment and management, seed collection, oil extraction, transesterification, blending,
marketing and institutional arrangements. About 400,000 hectares of plantations were
targeted, including marginal lands, hedging of fields and public lands alongside roads,

highways, canals and railway tracks.

Phase Il (2007- 2012) - Phase Il envisages a self-sustaining expansion of Jatropha
plantations, with an objective of establishing up to 11 million hectares of Jatropha on
marginal land. This commercialization phase will also include the installation of more
transesterification plants to meet the 20% target for blending with High Speed Diesel (HSD)
by 2011-2012. Table 1 shows the national biodiesel demand, assuming an average

productivity of 1.2 Mg of biodiesel per ha.

Table 1 Diesel and biodiesel demand and growing areas required for different blending rates

Year Diesel Biodiesel Area for Biodiesel Area for Biodiesel Area for
Demand at 5% 5%blend at 10 % 10% at 20% 20%
w0ty S e DG Hend vlend G blnd

2001-02 39.81 1.99 NA 3.98 NA 7.96 NA
2006-07 52.33 2.62 2.19 5.23 4.38 10.47 8.76
2011-12 66.90 3.35 2.79 6.69 5.58 13.38 11.19
Source®

1.3 Biodiesel Purchase Policy

The Ministry of Petroleum & Natural Gas (MoP&NG) notified a Biodiesel Purchase Policy in
October 2005, which prescribes that oil marketing companies buy standard quality biodiesel
at 25 INR/litre (INR=Indian Rupees; including taxes, duties, transportation cost), starting in
January 2006. 20 purchase centres in 12 states will supply a minimum capacity of 10,000
litres per tank of biodiesel, meeting prescribed specifications. Concessional loans to farmers
for establishing Jatropha plantations on wastelands, with a repayment moratorium of 4 years,

are considered.
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1.4  Ethanol Policy

India is the largest producer of sugar in the world with an annual production of 280 million
tonnes. Ethanol is primarily produced via the molasses route, which uses the remainder of
sugar production after fermentation. In the Indian situation of scarcity of land and water, the
available quantities of ethanol, when used as source for production of chemicals and potable
alcohol, offer higher economic returns to the country rather than its use as an admixture with
gasoline®. The commercial production and marketing of ethanol blended gasoline started in
January 2003 with the first phase of the Ethanol Blended Petrol (EBP) program. The Policy
mandated 5% blending of ethanol in gasoline in 9 states and 4 Union Territories (requiring
320-350 million L/yr). However, India is struggling to meet the 5% target, since sugar
production is the priority of most farmers and less than 10% of sugarcane is diverted to
ethanol production. Consequently, efforts to produce ethanol from other sources, such as
sweet sorghum and sugar beet are ongoing. The government offers subsidized loans to
sugar mills, for a maximum of 40% of the project cost, for setting up ethanol production units.
Table 2 shows the projected ethanol demand in India. Possibilities of achieving up to 10-15%
blending have been reported, if 25% of the current irrigated area is brought under drip

irrigation with fertilizer application®.

Table 2 Projected ethanol demand in India

Year Gasoline Ethanol Ethanol Production Utilization of Ethanol

Demand  Demand “jyglasses Cane Total Potable  Industry Balance

(x10°M) (M) My (M) (MY (MY (M) (M)
2001-02 7 324 1384 0 1384 505 468 411
2006-07 10 462 1794 1158 2952 597 554 1801
2011-12 12 590 1794 1158 2952 692 658 1602
2016-17 16 752 1794 1158 2952 801 782 1368
Source®
Notes:

1. Area under cane cultivation is expected to increase from 4.36Mha in 2001-02 to 4.96 in 2006-07 which
would add additional cane production of around 50 x 106 Mt

2. About 30% of cane goes for making gur and khandsari. If there is no additional increase in khandsari
demand, sugar and molasses production would increase.

3. The present distillery capacity is for 2900 x 106 L of ethanol and looks to be sufficient for 5% blend till
12th plan

4. A growth of 3% in potable use and a 3.5% in chemical and other use has been taken into account The
chemical industry is a major driver of ethanol demand and expanding, perhaps should add a few words

1.5 Biodiesel Options in India

Research on biodiesel is receiving increasing attention. Concerted efforts are being made
through the synergistic activities of several research organisations in the country. Crops

suggested for biodiesel production in India are non-edible oilseed crops, such as Jatropha
11
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(Jatropha curcas L.), Pongamia ( Pongamia pinnata L.), Neem (Azadirachta indica A. Juss),
Tung (Vernicia fordii Hemsl.), Mahua (Madhuca longifolia), Jojoba (Simmondsia chinensis
(Link) C. K. Schneid), Wild Apricot (Prunus armeniaca Linn.) and Simarouba (Simarouba
gluaca). However, the major focus is on cultivation of Jatropha due to its high oil content (30-
35%), low water requirements, ease of cultivation, low gestation period and the potential
value of Jatropha and its associated products (e.g oil for lighting/heating, soap and candle
making etc.). The ‘National Network on Jatropha and Pongamia’ has been set up, with
around 40 participating research institutions, across India. The government is involved in
several promotional programs for both Jatropha and Pongamia. Targeted and already

planted areas of the most important tree species are listed in Table 3.

Table 3 Current production of biodiesel: target species, target areas and achieved areas (by
National Oilseeds and Vegetable Oils Development Board)

Plant Species Target Area [ha] Production Area [ha]
(% of target area)
Jatropha 14,086 10,083 (72%)
Pongamia 2,378 1,292 (54%)
Neem 1,708 1,231 (72%)
Others
Tung, Wild Apricot, Mahua 3,100 2,620 (85%)

and Simarouba

Source?

The total potential of wastelands for Jatropha production is estimated to be 40 million
hectares of land®. Research is focussed on plantation development, the production of high
quality planting material through biotechnological approaches, developing agro-technology
for different agro-climatic zones, and increasing the studies on oil quality and stability of
biodiesel. Pongamia, the second favoured oilseed crop in India exhibits a comparable growth

and yield potential in similar regions of the country as Jatropha.

The main advantages of planting Jatropha are the ease of establishment, quick growth and
the potential of meeting domestic demands for oils needed for cooking and lighting. The
trees can create additional environmental benefits/services such as the protection of crops or
pasture lands, hedging for erosion control and as a source of organic manure®. Despite the
potentials of Jatropha as a promising species, the utility of the crop is difficult to quantify, due
to the small number of studies available and the absence of long term research results. The
major concerns in spite of the large-scale promotion of Jatropha are the uncertainties in yield
levels as well as the unknown differences in the growth and productivity in different agro-
climatic zones™. Willingness of farmers to plant Jatropha and related costs and benefits are

other important factors in determining the success of Jatropha. An initial estimate of costs
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indicates that the net expenditure of Jatropha plantation per hectare (2500 plants) after 14
years is 1305 USD and the corresponding net income (expected) is 2372 USD™. Costs and
revenues may differ across regions and farming systems and these initial estimates can
therefore be considered a first indicative estimate. Thus, considering the still large number of
unknowns, providing recommendations for the cultivation of Jatropha is still difficult at this
time. Additionally, large scale Jatropha monocultures might cause well known environmental
(and economic) problems, such as increased risk of yield losses, and increased levels of
pests and diseases and the subsequent increase in the use of agrochemicals with all
associated health and other risks, potentially negative impacts on soil fertility, water

resources and biodiversity*® .

2. Land zoning and availability

In India, Agro-Climatic Regional Planning (ACRP) is considered as a distinctive planning
approach applied to agriculture and related sectors. Based on soil properties, bioclimatology
and geographic conditions, the country has been grouped into 20 agro-ecological regions
(AER) with sub-divisions up to district level for developing long term land use strategies. The
constraints and potentials of land, with appropriate ameliorative measures, have been
described and suggested for each region. This is expected to aid the adoption of plans for
cropping systems which will also help in minimizing the loss of land quality, controlled by sail
physical conditions, nutrient availability and the organic carbon pool*’. In most states such a
planning procedure is already established for agricultural policies in the food sector, while
biofuel cropping is yet to make headway, due to the lack of sufficient information about crop

management and productivity in different agro-ecological zones.

The potential impacts of climate change on biofuel crops are also an important determinant
in the success of the biofuel industry. Most biofuel crops in India, including Jatropha are likely
to be grown under rain-fed conditions and thus shall be highly dependent on the Indian
monsoon regime. Rising trends of extreme events and higher probability of natural hazards
due to such events have already been predicted'®. Results from simulation studies have
indicated possibilities of droughts induced by a decline in winter rainfall in India under SRES
‘Marker’ scenarios'®. According to the Department of Agriculture, 35% of net sown area is
drought prone and rainfall is erratic during one of four years®. Apart from rising foodgrain
prices as a direct outcome of drought, subsidies in diesel prices (for irrigation) as a relief
measure for drought hit farmers? can indirectly tilt the economy of the biodiesel market.
Temperature rise in the Indian sub-continent as an effect of climate change is likely to
decrease the productivity of many food crops, including wheat and rice under different rates
of temperature rise®. Although conclusive studies with respect to the effect of climate change

on biofuel crops in India could not be located, assuming a similar trend as with foodgrains,
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biofuel crops, including Jatropha could be negatively impacted due to environmental change.
Thus, climate change is a pertinent driver with several direct and indirect pathways that

render sustained biofuel production vulnerable.

The most interesting category of land in India with respect to biofuel prospecting is
‘wasteland’. Wasteland is described as “degraded land which can be brought under
vegetative cover with reasonable effort and which is currently underutilized and/or land which
is deteriorating for lack of appropriate water and soil management or on account of natural
causes”®. About 55.3 Mha of land in India are classified as wastelands, out of which, 32.3
Mha have been calculated to be suitable for Jatropha cultivation (Table 4). However, regional
differences of the productivity of Jatropha plantations have to be seriously taken into account
when estimating the land available for biofuel production. Wastelands in certain regions of
India may be more suitable for the cultivation of other oil crops such as Pongamia or Neem.
However, the allocation of a major fraction of wastelands for the establishment of Jatropha
not only creates a significant dependence on wastelands for biofuel production, but also

constrains the use of other potentially better suited species.

Another school of thought aims to strengthen efforts towards increasing the productivity of
food crops. India withessed a significant increase in crop yields and agricultural expansion as
a result of the Green Revolution during the 1970s. As a result, India currently experiences
surplus food production (20 million tonnes) and paradoxically, an increase in population that
faces starvation (200 million). Currently, the major problem with respect to food security is
not underproduction but inaccessibility of food, primarily due to prohibitive prices and lapses
in the distribution system. However, it is expected that under current agricultural practices,
India may face severe food shortages in the coming years®. Therefore at first glance, there
seems to be no immediate demand for large new areas for growing food crops and it may be
possible to allocate some current food growing areas to bioenergy crop production by further
boosting the productivity of food crops. It is suggested that potential increases in yields of
major crops might free up to one-third to one-half of the current croplands for production of
bioenergy crops®. However, studies on changes in consumer preferences of food conclude
that demand is growing for more resource intensive products such as vegetables, fruits and

meat than the traditional choice of cereals® 2°

. Hence it is expected that this shift in
consumption patterns would increase both feed demand and non-grain crop demands in the
country and future agricultural needs would involve crop diversification practices. Such
diversification schemes may be challenged by increasing land degradation problems due to
erosion (water and wind) and decreasing productivity of existing agricultural land due to
nutrient imbalances and depletion, increasing salinity, little scope of irrigation expansion,
changes in rainfall patterns and other adverse processes. Thus, considering the current and

future trends of food production, pressure on available non-arable land or marginal lands
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shall increase and any ameliorative measures to counter land degradation by increasing
productivity may also be seen as an opportunity to expand feed/non-grain production instead

of biofuels.

Table 4 Category of wasteland suitable for Jatropha cultivation

A) Non -forest Culturable Wastel ands Area (Mha)

Gullied/Ravinous-Shallow (mainly Community, Govt.) 1.03

Land With Scrub (Government/Panchayats) 15.05

Land without Scrub (mainly Community, Govt.) 3.74

Saline/Alkaline-Slight (mainly private) 0.41

Shifting Cultivation — abandoned (community) 1.22

B) Degraded Forest Land

Degraded Forest —Scrub 10. 84

Total 32.29
Source™

2.1  Forest Cover and Common Property Resources (CPR s)

The Forest Survey under the Ministry of Environment and Forests has been assessing forest
cover in the country using remote sensing data in a two year cycle. The 10" assessment
(2005) reports the total forest and tree cover of the country as 23.4% of the total area with an
overall accuracy level of 92%?’. Table 5 shows the change matrix between the 2003 and

2005 assessments.

The above statistics reveal that there is an increase of 191 km2 of moderately dense and 65
kmz2 of open forest to very dense forest. On the other hand, there has been a degradation of
121 km?2 of very dense forest to moderately dense forest. India aims to bring 33 % of her total
land area under forests. Increase in forest cover aims at increasing carbon stocks as well as
protecting biodiversity amongst several other advantages. 11.5 Mha of afforestation and tree
planting will have to be carried out on lands outside recorded forests such as wastelands,
state land, railways, military areas, public sector companies and agricultural lands®. The
additional land required for an increase in forested area directly competes with land
availability for bioenergy production. Strategies for Jatropha have been changing between
the 10th and 11th Five Year Plans®® While bamboo plantations, medicinal plants and
Jatropha were given adequate focus under the National Afforestation Programme (NAP)®
under the Tenth plan (2005-2007), the recommendations in the Eleventh Plan (2007-2012)
suggest that ecosystem based management must be given due importance to conserve
biodiversity instead of establishing tree plantations. In biodiversity rich areas like the states of
Chhattisgarh, Uttaranchal, Mizoram and Tripura, the introduction of large scale monospecific

plantations of alien species like Jatropha were recommended to be immediately reviewed.
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Besides competing with forests, bioenergy crops are also likely to compete for land with
Common Property Resources (CPRs) e.g. village forests, marginal grazing lands, watershed
drainage and rivulets etc. that support basic needs and provide services to vulnerable
sections of the society. There are no official estimates of CPRs in India; however most of the
degraded lands in the country are CPRs and a significant proportion of these lands are
encroached upon for human settlement®. While CPRs are a matter of defining a particular
type of property right on land, identifying a specific ecological characteristic for making a
developmental programme for recovery of degraded lands, irrespective of property rights, is

essential®.

Table 5 Forest Cover Change Matrix for India (area in km?)

Class VDF MDF OF Scrub NF Total Area

(9" cycle,
2003)

VDF 54,313 121 23 0 61 54,518

MDF 191 331,878 777 19 1,191 334,056

OF 65 552 285,585 67 2,973 289.242

Scrub 0 5 145 38.150 1,774 40,044

NF 0 91 3,342 239 2,565,731 2,569,403

Total Area 54,569 332,647 289,872 38,475 2,571700 3,287,263

(10" cycle,2005)

Net Change 51 -1,409 630 -1,569 2,297

Source®’

VDF- Very Dense Forest, MDF-Moderately Dense Forest; OF-Open Forests; NF-Non Forest
VDF- Lands with forest cover having a canopy density of 70% and above

MDF- Lands with forest cover having a canopy density between 40-70%

OF- Lands with forest cover having a canopy density between 10-40%

NF- Lands without forest cover

2.2 Land conversion and bhiofuels

In India the feasibility of the use of wastelands for afforestation is a major concern. Despite
the government’s strong promotion of the use of wastelands/marginal lands for biofuel
plantations there are several uncertainties associated with these activities. It is important to
accurately determine the technical, economic, environmental and social feasibility of
wasteland afforestation projects. This also has global significance, since afforestation driven
carbon sequestration is an important function of associated climate change. Afforestation
projects are financially viable even when no environmental benefits are taken into
consideration. It was found that afforestation of degraded forest lands that had some natural
rootstock was cheaper than afforestation of totally degraded forest lands or barren lands that

were devoid of any rootstock®. However, a research gap exists with respect to studies
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assessing the economic feasibility of biofuel plantations on wastelands. The current
approach, which relies mostly on one new crop — in this case Jatropha - which is to be
cultivated under harsh environments, might not the best suited for meeting the nation’s
biofuels goals and providing relief to the poor®*. The food vs. fuel debate is pronounced in the
country, as the pressure on land is enormous and steadily increasing with growing
population. The plantation of large tracts of marginal lands for biofuel production is likely to
be challenged by the discrepancies between government records and actual availability of
land on the ground. Problems in wasteland acquisition for afforestation are further
aggravated by non-availability of land, particularly in non-forest areas, where most lands are
encroached, and thus used for various purposes. The process of evicting encroachers is
both time consuming and expensive®. Besides, the removal of such encroachments also

would render a considerable fraction of the poor population homeless and disarrayed.

The use of CPRs for biofuel plantation is facing numerous other challenges. The area under
CPRs is steadily declining in the country. Although, one of the key benefits proclaimed from
Jatropha systems is employment generation for the poor, it is in direct opposition to various
already existing benefits of CPRs. The rural poor gather most of their fuel wood, fodder, food
and fiber from such lands, services which cannot be replaced by Jatropha systems. Any
conversion in CPRs would also imply a direct increase of pressure on forests for these
supplies and may aggravate deforestation rates. Biofuel plantations can therefore have
immediate and grievous consequences for the very low income group communities, and

additionally generate pressure on forests for forest produce.

The introduction of new legislations (for e.g. Scheduled Tribes and other Traditional Forest
Dwellers (Recognition of Forest Rights) Act, 2006°°), have the potential to be a driver of land
conflicts. Enforcement of laws that provide direct ownership of natural resources to
individuals, including land, can be a major driver of land use change. Biofuel projects initiated
by the Government / private investors can now be challenged by civil communities beyond
the realm of social activism. Although, effective implementation of such legislations may
have far reaching effects towards equitable distribution of benefits between investors and
local communities, the use (or misuse) of such laws shall play a deterministic role in the

progress of biofuel projects.

The role of private investors in the biofuel sector is an important but less documented aspect.
The liberalisation of the Indian economy has led to an attempt to attract Foreign Direct
Investment (FDI), which has emerged as one of the major drivers of economic growth. FDI is
allowed in all sectors, including the renewable energy sector (100% FDI allowance under
certain conditions). As a consequence, investments in clean technology have grown by 12%,

although globally, the biofuel sector is the only one to decline recently. Although the majority
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of investments are directed towards wind and solar energy, two large biofuel deals have
contributed substantially to an increase in the total Venture Capital/Private Equity of the
renewable energy sector. Steps to meet the official targets of biodiesel production up from
currently negligible quantities®’, will involve amplifying feedstock production as well as
increasing the capacity of, and/or setting up of new biodiesel plants. In both cases, land
would be a key requirement and land acquisition is likely to be highly competitive. Currently
both national (Tata Chemicals, Reliance Life Sciences Ltd) and international investors (BP,
D1 Oils) are producing Jatropha based biodiesel, using contract farming as one of the
pathways. Reliable documentation regarding the ownership, quality and land use history of
such land parcels could not be found and hence it is difficult to assess the extent of land
conversion involved in such ventures, however land conversion cannot be ruled out. In many
cases, private investors utilise incentives of state governments to produce Jatropha
seeds/biodiesel for export. This practice may prove detrimental to the main objectives of the
Indian biofuel programme, unless adequate measures are taken to enforce the major share

of the production to achieve domestic biofuel targets.

The carbon finance market is another rapidly expanding industry in India. India accounts for
32% of the registered Clean Development Mechanism (CDM) projects in the world, which
has made it the most dominant CDM player®®. However, India accounts for only 15% of the
total emission credit volume, clearly revealing the small scale decentralised nature of the
projects in the country. Biofuel projects currently have no contribution to the total number of
CDM projects of the country, the major barrier being inadequate baseline and monitoring
methodologies. With increases in investments in research towards life cycle assessments, it
could be anticipated that that this knowledge gap would not be difficult to bridge in coming
years. Various aspects of biofuel production (especially Jatropha / Pongamia based
biodiesel) make it an attractive CDM option, viz., biofuel replacement of fossil fuel
consumption and associated Greenhouse Gas (GHG) emission reduction potential, CO,
sequestration potential, utility of by-products and income generation opportunities®.
Therefore the CDM market for biofuels, once established, may trigger an impetus for higher

production and in turn induce land use changes.

Another major challenge is the low level of inclination of farmers to grow biofuel crops,
compared to better market oriented food crops supported by insurance schemes and
subsidies from the government. The lack of a well established marketing mechanism, with
adequate prices for biofuel crops, is a major hindrance to attracting long-term interest of
farmers. Efforts to optimize the pricing structure for fuel sources, to ensure that there are
sufficient incentives for the farmers to grow fuel crops on marginal lands, are necessary. In
order to diminish the probability of food vs. fuel competitions, disincentives can be placed to

prevent energy cropping on undesirable categories of land such as agricultural/forest. Non-
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price barriers, such as water availability, could be employed to enhance rotation between

food and fuel crops over the agricultural calendar®.

Notable from the above sections is that the range of the drivers of land conversions due to
biofuels is large, interdisciplinary and ever increasing. The success of the biofuel
programmes would largely depend on the elasticity of the planning process, which should be
able to accommodate the changing dynamics and requirements of all sectors, while

protecting the interests of the most vulnerable groups.

3. Case studies

In this section we briefly introduce four modelling studies at national/regional scale,
highlighting different aspects of land availability and land-use change, related to potential
yields of sugarcane and Jatropha. All case studies are mainly aiming at the improved usage
of marginal lands, wastelands or natural land, unfortunately, all using different and partly

overlapping definitions of these land categories.

National and sub-national level case studies are of high importance since global biofuel
issues, albeit important, do not account for national or regional policy goals and ground
conditions. Realistic estimates of land requirement vis-a-vis biofuel demands are much
needed and indicate the importance of regional case studies, especially for highly
heterogeneous agro-ecological conditions and production systems, characteristic of different
parts of India. Typically, land-use modelling and related approaches provide a platform for
taking into account several dimensions of the coupled socio-environmental systems, such as
agricultural economics, demographic changes, regional environmental conditions, regional
crop management and yields of food and bioenergy crops, as well as regional and larger
scale policy goals. Potential pathways into the future are addressed with scenario analyses,
which are an important method of generating projections using consistent assumptions of

how the socio-environmental systems might unfold.

3.1  Study I: Potential of wastelands for intensifie  d bioenergy production

A study at national scale was conducted focusing on the potential of the 85 Mha of
wastelands (mostly dry shrub lands and savannas) for the production of energy-crops such
as sugarcane®. In a gridded approach of 5 arc min spatial resolution, the DayCent Model*!
was employed to simulate the productivity of sugarcane in each wasteland grid cell. Three
scenarios of increasing levels of land use intensity were developed, assuming the application
of nitrogen (N) fertilizer (i) 50 Kg N, (ii) 100 Kg N and (iii) 100 Kg N + Irrigation. For the entire
wasteland area, dry matter production summed up to 641 Mt, 1060 Mt and 1,150 Mt per year
(Figure 1) respectively, representing 2.8 to 5.5 times the biomass produced by the natural
vegetation cover®’. However, large regional differences in simulated production and
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productivity (generally low in the North and North-West, Punjab, Himachal Pradesh,
Rajasthan) highlight the need for thorough analysis of the limiting factors (in this study:
temperature, water, soil fertility and added nutrients), as well as the need to analyse
competing production systems based on different potential biofuel crops (see case studies
presented in this paper). The three scenarios developed for this study clearly identify
differences between nutrient limited and water limited production (e.g. comparing Figure 1
left and centre, all pixels south of the climate limited north are nutrient limited at the 50 kg N
level, comparing Figure 1 centre and right, some regions e.g. in northern Karnataka or
southern Maharashtra are water limited and increase productivity with irrigation, whereas

others are not).

Depending on the conversion technology used, the total energy content of 11,300 - 20,400
PJ could translate into 900 — 1600 TWh of electrical energy using a steam engine pathway,
or 240 — 430 TWh in a biogas pathway (conversion factors as in Jagadish 2003*). In the
latter case, the N-rich organic material remaining after gasification would considerably

reduce nutrient losses and the need for fertiliser application, if applied as organic fertiliser.

As in all sugarcane production systems, huge amounts of biomass are involved, requiring
either efficient transportation infrastructure, or decentralised units for energy conversion, i.e.
steam engines or biogas plants or both. Thus, the requirements to efficiently produce
bioenergy on up to 85 Mha of wastelands, considerably differs from the actual setting of
sugarcane plantations, which are currently clustered in relatively small, but intensively

managed areas (mainly in Uttar Pradesh, Maharashtra, Tamil Nadu and Karnataka).

Different levels of land use intensity

%, !l, N
& o
S0kg N 100kg N 100 kg N + [rrigation
641 Mt DM 1,062 Mt DM 1,154 Mt DM
Figure 1 Sugarcane potential on marginal lands™
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3.2 Study IlI: Potential land requirements for sugar  cane and Jatropha to
achieve national bioenergy policy goals

Land requirements and the potential productivity of sugarcane and Jatropha have been
modelled for India and Brazil*® (the current section reviews the India case study). The study
was conducted using the well established process based model LPIJmL. LPImL uses Crop
Fuctional Types (CFTs) and Plant Fuctional Types (PFTs). Sugarcane was parameterized as
a CFT while Jatropha was parameterized as a PFT in the LPIJmL framework. Potential yields
were calculated assuming that each grid cell is available for sugarcane or Jatropha and
averaged over 1971-2000 climate period under irrigated and rainfed conditions (Figure 2 and
Figure 3). Results of productivity values were compared against available yields for
sugarcane and very few observed data for Jatropha systems. Additional land requirements to
achieve government targets for 2015 have been reported to be 1.7 Mha for rainfed
sugarcane (increase of 43% in the area under sugarcane cultivation) and 1 Mha for irrigated
sugarcane. From the results, an additional 21.2 Mha of land shall have to be brought under
Jatropha (rainfed) cultivation, with an average productivity of 2.2 Mg ha™, in order to achieve
government targets of the National Mission. If only high productivity areas (5.2 Mg ha™) are
utilised, additional land requirements considerably lessen to 9.5 Mha. The study showed that
spatial variation of yields under irrigated conditions is low, since most of India attains similar
productivity with an average of 5.89 Mg ha™. Under irrigated conditions 7.9 Mha of additional
land would be sufficient to achieve targets. The dependence of the national goals on stable
monsoons and/or irrigation expansion is largely reflected in the results of this study. Spatial
analysis of the heterogeneity of productivity regimes of Jatropha across the country makes it

an interesting baseline for planning processes.
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Figure 2 Sugarcane potential yields (Mg ha-1) in India under rainfed (a) and irrigated (b)
conditions averaged for 1971-2000 climate®
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Figure 3 Jatropha potential yields (Mg ha™*) India under rainfed conditions (c) and irrigated (d)
conditions averaged for 1971-2000 climate
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3.3  Study lll: Assessment of potential productivity of Jatropha at sub-

national scale

Various aspects of the potential of Jatropha as an agrodiesel crop on wastelands were
assessed for the state of Karnataka (South India)**. The DayCent model, embedded in the
SITE (SImulation of Terrestrial Ecosystems) framework®® was used to simulate Jatropha at a
resolution of 2 x 2 km. Based upon available literature, the shrub was parameterized as a
‘Tree’ type in DayCent. CRU* climate data was used for a thirty year time period (1971-
2000) for simulations and only rain-fed conditions were considered since irrigated Jatropha
was assumed to be unfeasible. Recognising that Jatropha production is aimed at marginal
lands/wastelands, potential yields were calculated for the four major categories of
wastelands (75% of total wasteland area) that are suitable for Jatropha growth. The
production potential was estimated at district level for all relevant wasteland categories. The
results indicate that the average potential productivity of Jatropha is ranging from 0.8 Mg ha™
to 1.7 Mg ha™ (Figure 4). Additionally, the study assessed the total potential oil production
from Jatropha, using various reported levels of oil content in seeds (30%, 35% and 40%) and
different extraction efficiencies (57%, 68%, 81% and 100%) as parameters. It was found that
depending on combinations of oil content and extraction efficiency, it is possible to generate
40% to 93% of the targeted amounts of biodiesel. As a consequence, conversion of 1-7% of
agricultural land for energy production would be sufficient to meet current targets,
considering Jatropha as the only species in use. This broad range reflects that conversion
can be restrained to very low levels by increasing the total efficiency of the agrodiesel
production chain. The study concludes that Jatropha has a significant potential for agrodiesel
production on the state’s wastelands. Further interventions in improving extraction efficiency
can raise the potential considerably, especially in conjunction with efforts to increase oll
content via selection, breeding or other means of improvements. The importance of spatially
explicit regional estimates of potential yields as an important base information for further
planning and management has clearly been demonstrated. Improvements in estimates/data
on the actual availability of wastelands were recognised as a critical gap that needs to be

filled, if targets have to be met.
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Figure 4 Potential yields of Jatropha in wastelands of Karnataka

3.4  Study IV: Biofuel Blending Scenarios

In this study*’ the major focus was on analysing the spatial impacts of blending petrol with
sugarcane derived ethanol. The “Order from Strength” scenario of the Millennium Ecosystem
Assessment (MEA) served as a baseline scenario. Biofuel policies of blending between 5%
and 20% of the petrol demands up to 2030 were translated into the corresponding demands

for additional sugarcane production (132 — 158 Tg). The spatially explicit LANDSHIFT model
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was employed to simulate competition between different land use types and to estimate the

additional amounts of land needed to match blending goals. In the simulations it was

assumed that forests and other protected areas will be strictly protected in the future and

were thus excluded from land conversion. As the size of the human population (MEA

scenario assumption) and their demand for food crops grew faster than crop yields (results

from the IMPACT model*® used as input for LANDSHIFT), urban and cropping areas in all

cases increased considerably at the expense of natural lands, which are mainly marginal

lands with low suitability for agricultural production (e.g. too steep, too dry, too high,

unsuitable soils and other constraints). It is noteworthy that the major fraction of the

conversion of natural land (43%) was attributed to increased food production, and only

between 3% and 8% were caused by the additional demands for ethanol (see Table 6).

Table 6 Simulated land use in 10-year time steps. Sugarcane and cropland used for food
production are listed separately
2000 [Mha] 2010 [Mha] 2020 [Mha] 2030 [Mha] 2000 - 2030 [%]
MEA base scenario
Settlement 186.6 22.5 25.6 30.2 62
Cropland 159.7 167.2 182.1 191.0 20
Sugarcane 4.5 4.7 5.0 51 14
Natural land 80.3 74.9 57.3 45.8 -43
5% ethanol blending
Cropland 159.7 167.3 180.3 191.3 20
Sugarcane 4.5 5.3 5.9 6.6 46
Natural land 80.3 74.1 58.1 44.1 -45
10% ethanol blending
Cropland 159.7 167.4 180.2 191.3 20
Sugarcane 45 6 6.9 8.1 79
Natural land 80.3 73.5 57.2 42.7 -47
20% ethanol blending
Cropland 159.7 167.3 181.8 192 20
Sugarcane 4.5 7.3 9 111 144
Natural land 80.3 72.3 53.5 39.3 -51
Source®’
4. Discussion
The role of bioenergy in India is primarily important in the transport sector

(biodiesel/bioethanol) and in rural electrification (biomass, biogasification). Various estimates

of the net share of diesel consumption by the transport sector show a wide range, from 59 %
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to 85% of the total diesel consumption of the country®. A closer look at statistics makes it
apparent that biofuels are still to make a significant contribution in the total energy
consumption. However, in the near future, biodiesel can reduce fossil fuel components of the
transport sector that are most likely to run on conventional sources of energy i.e. mainly
diesel consumption in road, railroad and partially water traffic (of passengers and freight),
less in air traffic and large ocean vessels.In this context, the role of biofuels should not be
underestimated, as the demand from the transportation sector cannot be easily fulfilled by
other forms of renewable energy commonly used such as wind, solar energy or hydro-power.
Use of biofuels in the transportation sector is therefore inevitable, unless other alternative
forms of energy (e.g. fuel cells) prove technically and economically feasible. Rising oil prices,
depleting national petroleum reserves and rising oil demands (motorized mobility has grown
by 888% between 1970 and 2000*° and continues to grow) are motivating policy makers and
planners at the state and national level, to include biofuel options and establish ambitious

biofuel production targets.

In the context of energy security, which is directly competing with food security (both of which
are part of the Millennium Development Goals), the effect of biofuels may show different
trends over time. Food distribution is a Herculean task, as 1,200,000 bags (50kgs each) of
food-grains are transported each day from regions of surplus production to food deficient
zones®*. Food supply to remote parts of the country (e.g. mountainous regions) which are not
linked by railways is usually achieved by road transport. In the near future, enhanced
biodiesel/bioethanol production may aid food distribution (See Section 2) by strengthening
the public distribution system. However, over longer periods of time, energy crops have the
potential to cause an imbalance in the agricultural system by competing with food crops for

scarce land and water resources, the latter already now being overexploited™*.

India has also initiated research and trials for alternative feedstock. Bioethanol, which was
traditionally produced and delivered by the sugarcane industry, is now finding new pathways
from crops such as tropical sugarbeet and sweet sorghum. Cellulose/lignocellulose sources
of bioethanol are also currently under research. A useful combination of various sources of
alternative fuels may reduce dependence on a single crop/source, but in turn requires

investments in multiple technology and competence enhancement.

Comprehensive studies on land use changes, including biofuel production and related
impacts, are not yet available. Land use planning and management has already become an
ever increasing challenge, as globalisation, climate change and increasing mobility tend to
increase the range of land-use drivers, often across multiple sectors. The environmental
heterogeneity and large regional imbalances contributes to the complexity of the task.

Unsustainable use of land has led to large scale land degradation (143 Mha). Extension of
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cultivation to areas with low production potential has also been identified as a driver of further
land degradation **. Although, Indian policies do not advocate any energy production on
agricultural/fertile land, the pressure on marginal lands is also increasing exponentially. A
wide range of activities are planned on wastelands, ranging from afforestation projects by
Forest Departments to several forms of renewable energy. Such competing interests on
wastelands (including various government agencies) reflect the severe limitation of suitable
land-resources. The current situation can proliferate into an internal ‘land grab’,

manifestations of which are already visible in several parts of the world™°.

Land use change — potentially including changes resulting from biofuel production - may
considerably contribute to GHG emissions and thus become a major driver of climate
change. Over the last decade, India has intensified efforts to reduce GHG emissions.
However, with the share of the energy sector in national emissions being largest (61%)>*,
there is little room for additional emissions induced by changing land use patterns (currently
1% of total emissions). GHG levels of bioenergy production systems are still largely
unknown, as is the carbon sequestration potential of various bioenergy crops. Prioritization of
bioenergy cropping should therefore also include GHG emission reduction goals, as carbon

offsets in one sector could be overridden by another sector.

5. Conclusion

India faces the challenge of ensuring the use of biofuels is sustainable. The boon of suitable
climatic conditions to use new and promising oilseeds, such as Jatropha and Pongamia and
crops, such as tropical sugarbeet, is challenged by the bane of ever growing pressure on
land for food and fuel production and other competing sectors. The broad range of options
presented in the selected case studies clearly highlights the need to consider multiple
options, in order to identify crops, management systems, technologies and energy
conversion pathways which are apt to match the widely differing environmental and socio-
economic conditions in the various agro-ecological zones and states of India. Ensuring
energy and food to all sections of the society, while fulfilling international commitments
towards climate change, provides an opportunity for the strengthening of the existing
linkages between science and policy. Besides direct benefits as fuels, indirect benefits of
biofuels, such as employment and income generation, contribution to national GDP, land

reclamation and carbon sequestration, can be additionally gained.
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Abstract

India announced a long awaited and much needed national biofuel policy in December 2009
with a mandate of achieving 20% blending of bioethanol and biodiesel by 2017. However,
while the determination of specific time-bound targets is a crucial step in the Indian biofuel
program, several aspects of the guidelines reflects uncertainty that may render the 20%
target unachievable. This paper traces the rapid changes in political strategies of biofuels in
India over the last decade and reviews significant scientific progress, achieved in the same
period. Our observation indicates that biofuel policies in India have followed a zigzag course
interspersed with several positive initiatives, severely discouraging advocacies and
occasional neglect of biofuels. The multiplicity of related policies, each partially addressing
biofuel issues have amounted to increasing ambiguity. We present an analysis of the tenets
of the current policy with respect to land availability, related land use, and economic and
marketing institutions, which are some of the important determinants of success for the
Indian biofuel program. Some recommendations emanating from the analysis are (i) to
estimate available land and land use change effects, (ii) to build resilience for energy crops
towards climate change and (iii) to strengthen marketing and financial mechanisms at grass-
root level. In conclusion we emphasise the need for timely scientific assessments and the
subsequent incorporation into policy formulation to enable India to achieve overall goals of

sustainable biofuel production.

Key words: Bioenergy, Jatropha, Biofuel Policy, landuse

1. Introduction

Oil imports that amount to 73% of domestic demands have become a commonplace figure
that has been cited in research articles, government documents and white papers. ?* India
has registered an overwhelming increase of 63% in the import of crude oil from 2001 to
2008.* Alternative energy from wind (10,925 megawatt (MW)), small hydro power (2558
MW), biomass power + bagasse cogeneration (2136MW) and solar (2 MW) power has made
some considerable progress hitherto.® Additionally, agro-residues, photovoltaic systems,
solar lanterns and solar cookers have contributed to renewable energy outputs. On the

energy demand side, the expanding transport sector has experienced a compound annual

> Das S and Priess JA (2011) Zig-zagging into the future: the role of biofuels in India, Biofuels
Bioproducts and Biorefining 5, 18-27
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growth rate of vehicle population of 11% from 1951-2002. Petrol and diesel demands in this
sector grew at 7.3% and 5.8 % from 1980- 81 to 2004-05.° After several biofuel initiatives
(2003 - 2010), which we will discuss in more detail in section 2, actual achievements in terms
of production or contributions to the transport sector are still missing in national statistics,
leading to the conclusion that blending targets have not been achieved. In contrast to other
sources of renewable energy, there are no records available that document the area used,
technical achievements, installed capacity of biofuel production or extent of blending being
undertaken. While India has recorded an annual growth rate of 6.7 % GDP in 2008-2009 ’
rise in both food and fossil fuel prices have captured national, political and civil interest.
Prices of all essential commaodities including most food-grains have witnessed the highest
ever price advance in 2009. While primary food prices went up to 18%, fuel prices had
increased 10% in 2009.’

Against this background of increasing fuel demands and prices, it is vital for India and other
countries facing similar challenges, to explore the potential opportunities presented by
biofuels and analyse the obstacles in the biofuel production process. The potential of biofuel
production from different feedstocks (eg., sugarcane, sweet sorghum, Jatropha, Pongamia)

8 9 and scientists.}*** In this

in India has been assessed by several international bodies
context, it is also imperative to anticipate potential positive and negative economic,
environmental and social impacts of biofuels. This paper aims at tracing the rapid changes in
political strategies over the last decade and reviewing significant scientific achievements over
the same time period. Further, we discuss some of the challenges and possible strategies for

sustainable biofuel production in India in the light of the policy framework upto 2010.

2. Recent biofuel policies and related science in1  ndia

Figure 1 depicts the sequence of various policy strategies adopted in India over the last
decade. India’s Ethanol Blended Petrol (EBP) programme first mandated a blending target of
5% for 10 states and 4 union territories.” The policy was later modified to 5% blending for
the entire country in 2006.* This target could only be partially achieved due to the very high
sensitivity of the ethanol industry to large fluctuations in sugarcane production as well as
restrictive pricing mechanisms. Currently, the 5% EBP programme is still in the stage of
implementation in 16 out of 29 states and 3 out of 4 union territories.* At the time of writing
this article, no detailed data was available for estimates on the extent of implementation. The
initial blending targets could not be achieved. One of the major reasons for the failure could
be related to unstable levels of production of sugarcane, which is first of all required to meet
national sugar/ sweetener demands. Sugar production, distribution and sale in India is strictly

regulated under the domain of several laws'®*®

|10

, and only 10% of the sugarcane production is

diverted to ethano
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The need to support blended gasoline with biodiesel first found its way into the planning
reports of the government in 2003.> Consolidation of the alternative pathways of transport
fuels was envisaged with the commencement of the ‘National Biofuel Mission’ that focused
on the use of non edible oils as a source of biodiesel, primarily from the shrub Jatropha
curcas. Meticulous planning was exhibited in the outline of the programme, which had
foreseen a testing phase (2003-2007) and a subsequent self sustaining production phase
(2007-2012). Targets were set to a (over-) optimistic 20% blending of biodiesel 2011-2012.?
Research projects were initiated with more than 35 participating institutions, aiming at
studying a multitude of aspects of oilseed based biodiesel production (such as: plant
physiology, oil content variability, development of high oil yielding varieties, improved oil
extraction technologies, efficient industrial processes, economic viability, developing market
mechanisms). As a result of the research activities (in India mainly from 2003 to 2007),
significant scientific progress was made in India and elsewhere (for a detailed list of

publications from Indian studies see Table 1). *#1%2°

Since the first years, biofuels have been politically addressed at national scale; the most
striking element of biofuel policies is the indecision that presided over the formulation of a
national biofuel policy, highlighted in Figure 1. A Draft Biofuel Policy was developed and
presented in 2003 which was first approved by the Union Cabinet in February 2008. # It was
subsequently withdrawn for further consideration. The National Policy on Biofuels, (2009)
(henceforth referred as ‘Biofuel Policy’) was finally adopted by the Cabinet of Ministers in
December 2009.%

The Biofuel Policy prescribes 20% blending of both bioethanol and biodiesel by 2017. The
assumptions, estimates or data, on which the policy has been based are unknown and have
not been mentioned in the political documents. Interestingly, while it took more than six years
from the first draft to the final adoption of the policy, two forms of an ‘Integrated Energy
Policy’ were circulated, both granting only sparse reference to biofuels, in contrast to solar,
wind, hydro and traditional biomass based systems.?*?* In spite of ambitious blending
targets, plans for 2007-2012 % included biofuels / bioenergy as an important research area
for technology development. Funds to the tune of 35 million USD have been planned for
research activities in bioenergy which is less than both solar (95 million USD) and wind (47
million USD) energy research. Furthermore, no funds have been allocated for installing or
advancing installed capacities for bioenergy such as in the case of solar power (47 million
USD), small hydro (1.6 billion USD) or wind power (17 million USD).?® Finally the report also
does not estimate the physical potential of biofuels whereas the total potential of renewable
energy has been calculated to be 84,776 Megawatt equivalents covering wind, small hydro,

cogeneration and waste to energy conversion.
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Well before a general biofuel policy was adopted, a biofuel purchase policy was invoked in
2005.% The purchase policy aimed at establishing purchase centers for biofuels by the Oil
Marketing Companies (OMCs) and fixed the purchase price at 25 INR (~ 0.40 €) per litre.
The policy did not provide regulatory measures for the sale of biofuels by producers beyond
the OMCs. In September 2009, the government introduced a circular that banned
unauthorized sale and possession of biofuels. The ensuing confusion of the producers was
only exacerbated by the absence of a national level biofuel policy.?” The Biofuel Policy
includes several mechanisms to strengthen the marketing infrastructure and relies upon the
OMCs to shoulder the storage, distribution and marketing of the biofuels, but opens the door
for speculation with the introduction of a dynamic Minimum Purchase Price (MPP) without
recommendations for changes in the existing purchase policy. The existence of dual
regulations with regard to the MPP without specifications on their pre-conditions of

applicability is likely to increase uncertainty and confusion among producers.
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Figure 1 Milestones in policy and science initiatives in biofuels in India

While charting the course of development of policies on biofuels, reviewing the progress of
scientific achievements for the corresponding time frame reveals considerable (neglected)
progress. Since Jatropha biodiesel has been on the forefront of the research agenda in India,
we only consider articles concerning Jatropha based biodiesel production in this paper. In the
beginning, the lack of solid information was often claimed by researchers (and politicians)
across the world. *2** 8 After the Biofuel Mission was announced in India, massive research
was undertaken on oilseeds, with a special focus on Jatropha. Since peer reviewed journal

articles are the worldwide accepted yardstick for originality and scientific rigour, we consider
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only such articles here. We searched the portal www.sciencedirect.com using the keywords
“Jatropha”, “India” and “biodiesel”, the results of which are tabulated in Table 1. Based on the
main discipline of the study we further categorized the articles into four broad groups-
Toxicity (toxic components of seeds), Engineering (trans-esterification, optimization,
thermodynamics, biodiesel plants, life-cycle analysis) Genetics/ physiology (population
genetics, DNA markers, root-shoot growth, LAI, water requirements) and Review/ opinion
articles (perspectives). Prior to 2007, articles focusing on biofuels essentially reviewed and
outlined the significance of oilseeds and / or Jatropha. It is not until 2007 that scientific
articles characterizing the growth, physiology, industrial processing and life-cycle analyses of
Jatropha systems under Indian or similar conditions were published (Figure 2, Table 1).
Resulting from the Biofuel Mission, comprehensive reports covering several aspects of
oilseeds were published.™ While this type of reporting is suitable to back political decisions,
scientific communities tend to downplay the significance of such reporting and term them as

‘grey literature’ due to the lack of an independent review process.

As evident from Figure 1, a credible scientific knowledge-base could not have been part of
the Indian planning process prior to 2007. Comparing the progress (or regress) of policy vis-
a-vis the progress in scientific knowledge / research activities for the time period in question,
we observe that policy and science have remained grossly disjunctive. Since policy
formulation partly preceded scientific publication, the benefits of the increasing knowledge
base could not be used. Thence the observation that India has missed most targets of
blending and production is not surprising, as they were formulated without prior estimation of

production potentials and markets.
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Table 1. List of published articles on Jatropha studies in the Indian context
Authors Reference
Prior to | Banerji R, Chowdhury AR et al. Biomass 8(4): 277-282(1985)
Banerji R Biomass Bioenergy 1(4):247(1991)
2007 Mujumdar AM, Misar AV J.Ethnopharmacol 90(1):11-15 (2004)

Subramanian KA, Singal SK et al.

Biomass Bioenergy 29 (1): 65-72 (2005)

Basha SD, Sujatha M.

Euphytica 156:375-386, (2007)

Kaushika N, Kumar K et al.

Biomass Bioenergy 31: 497-502 (2007)

Bharadwaj A, Tongia R et al.

Curr. Sci., 92(9): 1234-1241 (2007)

Devanesan MG, Viruthagiri T et al.

Afr. J. Biotechnol. 6(21): 2497-2501 (2007)

Pradeep V,Sharma RP

Renewable Energy, 32(7): 1136 1154(2007)

Agarwal D, Agarwal AK

Appl. Therm. Eng. 27(13): 2314-2323(2007)

2007 Shah S, Gupta MN Process Biochemistry, 42(3): 409-414 (2007)
Vyas DK, Singh RN Renewable Energy, 32(3): 512-517(2007)
Goud VV, Patwardhan AV et al. Chem. Eng. Sci. 62 (15): 4065-4076 (2007)
Namasivayam C, Sangeetha D. Process Saf. Environ. Prot. 85(2): 181-184(2007)
Tiwari AK, Kumar A et al. Biomass Bioenergy, 31(8): 569-575 (2007)
Rathore V, Madras G Fuel, 86 (17-18): 2650-2659 (2007)
Garnayaka DK, Pradhana RC et al. Ind. Crops Prod. 27: 123-129(2008)

Sunil N, Varaprasada KS et al. Biomass Bioenergy 32: 198—202(2008)
Ranade, SA, Srivastava AP et al. Biomass Bioenergy, 32(6): 533-540(2008)
Rakshit KD, Darukeshwara J. et al. Food Chem. Toxicol. 46(12): 3621-3625(2008)

2008 R.N. Singh, D.K. Vyas et al. Renewable Energy 33(8):18681873(2008)
Das B, Ravikanth B et al. Phytochemistry 69(14): 2639-2641(2008)
Banapurmath NR, Tewari PG Renewable Energy 33(9):19821988(2008)
Kumar A and Sharma Ind.Crops Prod.28 (1):1-10(2008)

Srinivasan S Renewable Energy 34:950-954 (2009)
Basha Sd and Francis G Plant Science 176(6):812-823(2009)
Sahoo PK and Das LM Fuel 88(6): 994-999(2009)

Tatikonda L,Wani SP et al. Plant Science176(4): 505-513(2009)
Sarin A, Arora R. et al. Energy34(9):1271-1275 (2009)

Vyas AP, Subrahmanyam N et al. Fuel 88 (4):625-628 (2009)

2009 Mishra DK Biomass Bioenergy 33(3): 542 545(2009)
Sharma DK,Pandey AK et al. Biomass Bioenergy 33(1): 159 162(2009)
Ganapathy T, Murugesan K et al. Applied Energy 86(11):2476-2486 (2009)
Das B, Reddy KR et al. Bioorg. Med. Chem. L.19(1):77-79 (2009)
Jamil S, Abhilash PC et al. J.Hazard. Mater. 172 (1): 269-275(2009)
Sahoo PK, Das LM Fuel88(9):1588-1594(2009)

Sharma A, Arora A et al. New Biotechnol.25 (Suppl): S248(2009)

Pradhana RC, Naika SN Ind.Crops Prod.29(2-3): 341-347(2009)

Behera SK, Srivastava P et al. Biomass Bioenergy 34 :30-41(2010)

Biswas PK, Pohit S et al. Energy Policy 38: 1477-1484(2010)

Divakara BN, Upadhyaya HD et al. Applied Energy 8: 732-742(2010)

Jindal S, Nandwana BP et al. Appl.Therm. Eng.30(5): 442-448(2010)

Kumar D, Kumar G et al. Ultrason.Sonochem.17(5): 839-844(2010)

Jain S and Sharma MP Renewable Sustainable Energy Reviews 14:763—-771(2010)

2010

Behera SK, Srivastava P et al.

Agricultural and Forest Meteorology 150: 307-311(2010)

Michael S, Zah G et al.

Biomass Bioenergy 34:347 355(2010)

Singh A, Reddy MP

Ind. Crops Prod.31(2) :209-213(2010)

Pradhan RC, Naik SN et al.

Applied Energy 87(3):762-768(2010)

Sarin A, Arora R et al

Energy 35 (5):2333-2337(2010)

Puhan S, Saravanan N et al.

Biomass Bioenergy 34(8): 1079-1088(2010)

*Note: This table gives a comprehensive collection of Jatropha related studies in India and may not be treated as

a complete list of published articles
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Figure 2. Trends in publication of Jatropha biofuel research based in India

The Biofuel Policy seems to have fallen short of utilising the results of the research
undertaken over the past couple of years. While the blending targets for both bioethanol and
biodiesel have been proposed to a degree of 20% it has not been made mandatory for
biodiesel, leaving it ‘recommendatory in the near term’.?> This recommendation hints at the
level of (perceived) uncertainties associated with production capacities. One of the major
aims of the National Mission on Biofuels (in 2003), was to arrive at potential yields of
oilseeds under different biophysical conditions and to assess the performance (productivity)
of these crops grown on degraded lands.? The level of uncertainty has neither been
eliminated nor diminished in the last seven years since the Biofuel Policy retains the same
guestions it posed already in 2003. Specific targets set by governments are important
benchmarks of exploration of the potential of a technology, in this case, biofuels. The
absence of such specific targets or the presence of over ambitious targets, which are
dismantled in the short time span of three to four years, neither encourages science nor
agriculture. To date, one major reason of the sub-optimal realization of biofuels as an energy
alternative in India is the failure of policymakers to provide stable directions for scientific
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assessments. Most research in India is funded through centralised agencies whereby funds
allocated to any field of research (in this case, biofuel research) is largely determined by the
direction provided by the union government. The propensity of the government towards
increasing scientific capacity is often adjudged in terms of policy moves. Unstable policy
therefore adversely affects research by way of unsure means of funding. Investments in
scientific research (be they measurements or simulations) can yield appropriate returns only
in the event that aims and related assumptions at the conceptualization of a piece of

research hold until the completion of the project.

3. Current challenges and adaptive strategies

Summarising available literature and the above sections of the paper, we conclude that there
has been severe indecision amongst policymakers compounded by a tendency to retract
from previously developed agendas and targets. It is essential in this context to analyse
some of the probable issues that have inspired the insipid progress of biofuel production. The
plethora of challenges to be faced by biofuel initiatives include crop selection and
improvement, land suitable for energy plantations, optimizing industrial processes,
developing marketing mechanisms, climate change adaptation, formulating fiscal incentives.
In the following sections, we examine the current policy status, implications and plausible
strategies for three of the major issues or obstacles in India: land availability and land

allocation, climate change and economic framework.

3.1 Land availability and land allocation

Biofuel production in India is based on the use of degraded lands or wastelands that cover
17.45% of the geographical area * to avoid competition between food production and (large
scale) energy plantations. Increasing discussions about the productive potential of
wastelands led to the first national level remote sensing based quantification of wastelands in
2005. The classification of wastelands is mostly based on the underlying causes of land
degradation (e.g. salinity, alkalinity, forest degradation, agricultural degradation), into 13
major categories thereby consolidating land-use planning. However, the actual availability of
the wastelands e.g. for energy crops has long been debated.* It has been argued that the
acquisition of wastelands for public projects or private companies is severely challenged by
encroachments. Most areas quantified as wastelands by virtue of their biophysical limitations
may actually be unavailable because they are in use for habitation, grazing or agricultural
production by landless or indigenous people. Land records are often limited in their capacity
to either reflect the encroachment or oppose it, thus making it virtually impossible to arrive at

realistic estimates of available wasteland areas. ' However, as the entire national biofuel
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concept is based on wasteland availability, it is critical to analyse whether or to what degree

the assumption holds.

Land acquisition for developmental projects in India has a significant history that needs to be
borne in mind while formulating new projects that are largely dependent on wasteland
availability. Renowned environmental experts Gadgil and Guha have described several
conflicts dating from 1990 to 2002 about water, land, and forests, mostly originating from
marginalisation of the poor.*> One of the most rigorously contested land acquisition attempts
has been that of the ‘Sardar Sarovar Project’, a multipurpose river valley project in the
Narmada catchment in Central India. The possible displacement of several thousand people
due to the flooding of villages led to a nation-wide protest over several years incurring losses
of lives, finance and other negative impacts. Other prominent examples of mass protests of
land acquisition are the Chipko movement, the Silent Valley project and the Doon valley
mining project. The most recent incidence to have come to the fore is in Singur, in the
eastern state of West Bengal. An attempt by Tata Motors, one of India’s prominent industrial
groups, to build a car factory for the world’s cheapest car — Nano, on fertile state-lands was
heavily opposed by social groups, farmers and environmental activists. Large scale unrest
resulted in the loss of several lives and more than 300 million USD, culminating in the retreat
of Tata Motors.* Similar land acquisition issues for iron and steel projects have been

documented in the states of Andhra Pradesh and Orissa. *

In many instances, the legal ownership and rights of large parcels of land remain unclear.
The introduction of the Forest Rights Act * is a promising step of the government to protect,
legalize and document the rights of indigenous tribal populations by granting them the
opportunity of legally owning forested land. Under the new scheme, more than 700,000 titles
claimed have been disposed off to tribals up to March 2010. *®* The update of land records
and subsequent accurate quantification of available wastelands are therefore vital
parameters of the formulation of biofuel policies, and a key indicator of the success of
implementation. Also, strategies that involve absolute dependence on wastelands for

bioenergy production need to be revisited.

3.2 Biofuels and climate change

India can ill afford to neglect issues related to food security, climate change or greenhouse
gas (GHG) emissions, thus making it imperative that any policy on biofuels includes an
assessment of potential consequences and impacts. While the issues of net emissions have
been briefly mentioned in the Biofuel Policy, threat to food security has been completely
ruled out, based on the argument that only non-food feedstock on non-agricultural land shall
be utilized for energy production.?? While it is true that there has been no advocacy for food
crops as energy feedstock in India, land use change related to biofuels definitely have the
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potential to affect the production of food crops and hence challenge food security. The tenets
of the policy allows the corporate sector to use contract farming as a means to produce
biofuels but there is no specified scheme for restricting / prohibiting such contract farming on
productive lands. If wastelands are unavailable or difficult to acquire, it is safe to assume that
restraint exercised in using ‘undegraded’ (fertile) land by corporate giants would be minimal.
Hence, food security measures definitely need ample attention. Currently net emissions from
agriculture constitute 17% of the total emissions of India, while land use change and forestry
(LULUCF) have been reported to be a net sink of CO, .*" However, these calculations are
based on land use change matrices derived from various national level sources and
therefore fail to capture intrinsic regional level land use changes. A high level of associated
uncertainty has been reported.®” While much research is required to address the issue of net
emissions from (large scale) plantations of biofuels, it would be important to place
mechanisms to track and quantify resultant land use changes and emissions associated with
these changes, e.g through contract farming. Such challenges that have been addressed by

scientists seem to have escaped the attention of Indian policymakers. %%

Besides considering the direct and indirect impacts of land use change, resilience with
respect to future climate variability / change needs to be built into biofuel policies. Lowered
crop productivity under rising temperatures and changes in precipitation patterns has been

predicted for wheat, rice and maize in India *°

, other crops might be affected in different
ways. O’ Brien et al. ** have developed district level spatial information for India for climate
change vulnerability. Amongst several factors, biophysical, socioeconomic and technological
attributes were used to calculate a net climate vulnerability index for each district. Further the
authors of the study note that the approach helps in identifying locations where policy
intervention (e.g. alternative crops, access to irrigation, credit systems.) is most critical. Any
short and long-term deviations from expected yields of energy crops will unavoidably affect
national energy independence and energy security. Hence, productivities of all relevant
energy crops need to be studied under varying management and climate conditions using
approaches already developed (as above) or by developing similar tools .The multitude of

other aspects related to energy security are beyond the focus of this paper.

3.3 Financial and marketing institutions for biofue Is

The success of biofuel production largely depends on economic incentives at farm and
industrial levels. The positive financial mechanism that currently support biofuels are 100%
foreign equity for biofuel projects, exemption of biodiesel from excise duties and
concessional excise duties for bioethanol. In June 2010 the Indian government started to
deregulate fuel prices thereby step by step opening competitive markets for fossil and

biofuels. ** A market-determined pricing mechanism may be useful for encouraging biofuels if
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manufacturers succeed in marketing biofuels at a lower price than fossil petrol / diesel.
However, financial incentives that directly impact farmers (e.g. microfinance, loans at low
rates of interest) are not binding elements as proposed in the Biofuel Policy. The policy
prescribes ‘active involvement’ of rural development banks and agencies (IREDA, NABARD)

but fails to specify the extent and level of support to be provided. %

Oilseed crops such as Jatropha and Pongamia, which have not been among the traditional
crops grown by Indian farmers, need pro-farmer policy interventions. Glaring examples of
past follies need to be judiciously analysed while introducing new plants. One of the most
prominent examples of hasty introduction and irrevocable consequences thereof is that of Bt
Cotton in India which is believed to have played a significant role in the rise of farmer
suicides in the country that now stand at an alarming number of 17,000 annual deaths.*®
Many small scale farmers in India are completely dependent on the success of the crop, to
repay their often substantial debts / loans. The interest of such farmers has to be adequately
protected by policy initiatives. In this context, the Biofuel Policy advocates the introduction of
a Minimum Support Price (MSP) for oilseeds and a raise in the Statutory Minimum Price
(SMP) for sugarcane, both of which are strong protective measures. However, both MSPs
and SMPs have been integral part of agricultural policies of the country for more than three
decades and also existed for BtCotton.”*** Clearly, this mode of protectionism needs to

revisited and strengthened in order to ensure and raise farmers’ interests.

Secondly, while retail marketing is to be undertaken by OMCs, establishing marketing
linkages for farmers is vital. India is characterized by a large number of farmers who lack the
ability or know-how of selling their produce directly to the local markets.*> However, India has
had several successful experiences with cooperative marketing. One of the most remarkable
examples is that of the dairy cooperative marketing system as part of the White Revolution
(1970).* Other notably successful cooperatives operate for horticulture, floriculture,
sugarcane and fish across the country. A similar attempt has great potential of success with
respect to biofuels and initial steps towards such an exercise are underway through the Rural
Biofuel Growers Association, Karnataka.*” Enabling farmers to sell their produce directly at
local markets through an organised sectoral approach not only can increase farmers’

confidence in new crops but also improves livelihood and income generation.

4. Conclusions

We conclude that at its current state, biofuels remain an “underexplored” area of renewable
energy and deserve more stringent and conclusive efforts, both in terms of scientific studies
as well as policy initiatives. The course of biofuel development in the country demonstrates a
zigzag pattern. For policy to function as an instrument of biofuel development in India,

stability in directives and legislation seems to be essential. Frequent vacillations in targets
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and objectives are likely to slow down or hamper India’s path to sustainable energy. There is
large scope to replicate/ modify aspects of previous processes related to other forms of
renewable energies, marketing systems and crop introduction. Additionally, biofuel
development in the country can avail of latecomer advantages such as established
technologies, strong cooperation with countries like Brazil that have vast experience in the
biofuel industry and best practices for agriculture that have been formed for energy

production.

Considerable investments already made in the research and development of biofuels should
be harnessed as direct inputs to planning by improving the linkages between scientific
outputs and policy formulation. Critical knowledge gaps in all aspects of biofuel production
and use need to be addressed in the near future. While it is encouraging that research in
second or third generation biofuels is already underway, it seems to be a matter of decades
before they can be fully established. Thus, a hasty writing-off of first generation biofuels
ignores their social, economic and environmental potential on the way to reduce fossil fuel
dependencies. With its rise in economic capacities and fast increasing energy demands,
India cannot afford to overlook or ‘under-implement’ the existing potential of biofuels, rather

strengthen the role of biofuels for sustainable energy independence.
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4 Study area and the modeling framework “SITE - Ka  rnataka”

4.1 Study Area

The study was conducted for the state of Karnataka (11.31%18.45° N; 74.12%78.40° E)

situated in southern India (Figure 1). Karnataka is the eighth largest state in India in terms of
area, covering 191,791 km?. The state extends 750 km from north to south and 400 km from
east to west, and is surrounded by the states Maharashtra and Goa on the north and north-
west, by the Arabian Sea on the west, Tamil Nadu and Kerala in the south and Andhra
Pradesh in the east. Bangalore, situated in the south of the state is the capital, which has

developed into India’s largest and most thriving ‘software city’.

Figure 1 Location of the state of Karnataka in India

4.1.1 Physiography and climate

Karnataka forms part of two major macro regions of India- the Deccan plateau and the
Coastal Plains. Topographically the state covers mountains, plateaus, hills and coastal
areas. In terms of physiography, the region may be divided into three zones, all forming part

of the Deccan plateau- Northern, Central and Southern Plateau area. The Northern
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Karnataka plateau is mostly a treeless expanse with elevation ranging from 300-600 meters.
The Central Karnataka Plateau represents the transitional area between the Northern
plateau and the Southern plateau with most of the area being part of the large Tungabhadra
river basin. The Southern plateau has an average elevation of 600-900 meters and is part of
the Cauvery basin. The western part of the Southern Plateau is flanked by the Western
Ghats forming a divide between the coastal and the plateau region. The coastal region of the
state lies between the edge of the Western Ghats on the east and the Arabian Sea on the
west. This region has two districts with a rugged terrain full of rivers, creeks, waterfalls,
peaks and ranges. The coast line of Karnataka stretches about 260 kilometers from north to
south (Bhatt and Bhargava 2006).

The average annual rainfall in the region is 1189 mm with large variations ranging from
300mm / year (north and central regions) to 2500 mm/year (coastal zone and the Western
Ghats) across the state. Common soil types of the state are red and black with loams or
sandy texture. Lateritic soils, coastal soils and forest soils are also found (Department of

Economics and Statistics 2007).

4.1.2 Land use

Almost 53% of the area is used for agriculture while 16% is under forests (Directorate of
Economics and Statistics 2011). The state has ample mineral resources such as high grade
iron ore, copper, manganese and bauxite. Non-agricultural land includes urban areas,
infrastructure (such as roads and railways), natural and man-made lakes and mines
(Purushothaman and Kashyap 2010). 7% of the area is covered by wastelands (NRSA and
DOLR, 2005). The agricultural sector still provides almost 56% of the jobs and is
characterised by diverse crops and cropping systems, subject to several structural changes
over the last four decades (Purushothaman and Kashyap 2010; Planning and Statistics
Department 2006). Net sown area is increasing at the expense of fallow land. Area under
oilseeds, maize and pulses has increased due to several technology development
programmes such as the “National Oilseeds Mission” (Purushothaman and Kashyap 2010).
Agriculture is dependent on the occurrence of monsoon rains and only 25-30% of the
agricultural area is irrigated (Planning and Statistics Department 2006). Urbanization is one
of the main drivers of land use change in the state, with the capital city of Bangalore having
grown tremendously in the last two decades and other cities also having experienced

expansion.

4.1.3 Demography

The population of Karnataka was 53 million in 2000 (Census of India 2001) with a growth

rate of 1.7% per year. Population structure shows that the state has a large fraction of

53



Study area and the modeling framework “SITE - Karnataka”

working population (about 60%), followed by “young population” (< 14 years) which
constitutes 32% while only 8% of the population is “old” (> 60 years) (Planning Commission
2007). About 66% of the population lives in rural areas (Planning and Statistics Department
2006), but the proportion of the population living in urban areas is higher than in the other
Indian states. There are 237 towns and about 30,000 villages in the state. Bangalore, the
state capital, alone accounts for 24% of the urban population of the state and attracts most of
the migrants. About 87% of migrants move between or within districts, while only 12.5 % of
migrants come from other states. The state reported 67% literacy in 2001, (marginally higher

than the national average), but with clear rural-urban and gender gaps in literacy levels.

4.1.4 Economy

Karnataka is the country’s fourth fastest growing state with a growth rate of 5.7% p.a (1999-
2006). The economy of Karnataka was predominantly agrarian in character in earlier
decades, but changed significantly since 1980-81.The share of the primary sector in the state
GDP (Gross Domestic Product) dropped from 60% in 1956 to 18% in 2006-07. Although
agriculture remained the largest sub-sector in terms of jobs, it has the lowest growth rate
(1.4% p.a). Manufacturing, banking & insurance, real estate and business as well as the
service sector now contribute much more to the economy, all showing growth rates of more
than 9% per annum. Although the population employed in the agricultural sector did not
decrease in the last decade, its contribution to the state GDP almost halved, indicating that in
this sector the economic output per capita is low and decreasing compared to other sectors.
Agricultural productivity has not increased significantly in the state and the average size of
farm land has decreased (> 70% rural households own land less than 1 hectare land). The
focus of policy makers in Karnataka is therefore to achieve a better sectoral output-

employment ratio (Karnataka State Planning Board 2008).
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4.2 A generic framework for land-use modelling- SIT  E®
Abstract

In this paper we present the generic modelling system SITE (Simulation of Terrestrial
Environments), a software package to develop and apply models simulating regional land-
use dynamics. The modelling system includes (i) a framework managing the model generics
and (ii) code templates for the development of rule-based land-use and land-cover change
(LUCC) models. SITE comprises built-in methods for e.g. map-comparison, model

optimisation and environmental scenarios.

Keywords: Integrated framework; Map comparison; Genetic algorithm; Cellular automata;

Land-use model

Software availability

Name of Software: SITE — Simulation of Terrestrial Environments

Developers: Mimler M., Priess J.A., Schweitzer C., Das S.

Contact address:

Helmholtz Centre for Environmental Research- UFZ

Department Computational Landscape Ecology,

Permoserstrasse 15, D-04318 Leipzig, Germany.
christian.schweitzer@ufz.de

Year first available: 2007

Hardware required: PC

Software required: Python 2.3, MySQL, Win32

Program language: C++, Python

Program size: 6 MB (Windows installer — including example Python scripts, example data)

Availability: free (upon request)

Software Homepage: http://www.ufz.de/index.php?en=19080

® Schweitzer C, Priess JA and Das S, A generic framework for land-use modelling- SITE,

Environmental Modelling and Software, accepted February 2011
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1. Introduction

Modelling land-use, land-cover and environmental change is a field of increasing importance
and a broad range of models has been developed for this discipline (Haase and Schwarz
2009, Schaldach and Priess 2008). For numerous modelling approaches the development or
adaptation of the appropriate software is a crucial step for successfully answering research
questions, a step strongly constrained by financial resources and time available for model
development. In order to overcome this problem, researchers often tend to modify existing or
create new software, which may be functional, but often not very intuitive in terms of
applicability and transferability. For users with little or no programming skills the application
of such models is difficult and a reason for little or no interest in those approaches. To
address this problem, modelling frameworks try to bridge this gap by providing convenient
user interfaces that communicate with the complex software generics. A ‘framework’, as it is
used in our context, is defined as generic software that can be reused for custom
applications, with the advantage that the software can be developed several times faster
than without the framework (Fayad etal. 1999). In this manuscript we present the key
features of the SITE framework and show an implementation example for a rule-based land-
use model, in which land allocation is based on a multi-criteria analysis and regional

preferences and constraints.

2. Modelling system

From the beginning, a core objective of the SITE developers was to facilitate maintenance
and reuse of components within the entire software package, as the tool was intended to be
applicable in more than one case study (Mimler and Priess 2008). SITE consists of two main
parts (i) the system domain (SD), which includes optimized methods, procedures and
essential tools for the modelling process, implemented in C++ and (ii) the application domain
(AD), which is a Python interface designed for the implementation of modelling routines and

decision rules to address land-use modelling issues (Fig. 1).

56



Study area and the modeling framework “SITE - Karnataka”

System domain Application domain

* C++ code * Python code
* Component-based

* Load-time linked DLLs

» Standard libraries (STL)

* Embedded Python interpreter

* Exposed system domain
classes

* Extensions for specific
modelling functionality

Sys. | App. interface
boost:.python library

Fig. 1. Software aspects of the system and application domain. The system domain includes generic
software components that handle and execute models, while case-study specific code is located in the
application domain (Mimler 2007).

SITE currently uses the concept of cellular automata (CA) models, which are defined as
spatially and temporary discrete systems consisting of cells arranged in a lattice of n (>1)
dimensions. The cells represent a discrete moment in time and change their current state
due to a set of rules, mostly deterministically formulated in a local transition function taking
into account the current state of neighbouring cells (Schiff 2010). Theoretically it is possible
to represent land-use decisions in SITE with spatial hon-CA models such as multi-agent
systems (Berger et al. 2006) or CLUE-type regression equations (Veldkamp and Fresco
1996), although in the latter case much of the flexibility of rule-based approaches would be

lost.

SITE has been applied for three case studies addressing different land-use related research
questions. The first application investigated the land use dynamics of tropical rainforest
margins in Sulawesi, Indonesia (Priess et al.2007). The second and third case studies, which
are under advanced stages of development, analyse the impacts of LUCC on water
resources and impacts of wildfire in Mongolia (Priess et al.2010, Schweitzer and Priess
2010) and the potential of bioenergy crops and food-fuel conflicts in South-India (Das et
al.2010) respectively. Figure 2 presents a generalized view of the SITE components used in
previous studies. A detailed description of the software implementation is given in Mimler
(2007)and Mimler and Priess(2008).
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System domain Application domain
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Fig. 2. Main components of the SITE modelling system. The system domain represents the core
engine of the framework, providing necessary modelling functionalities. Within the application domain
user-specific decicion rules are developed. A generic interface provides the possibility to link third-
party models. Note that the external model DayCent is not a standard component delivered with the
SITE software.

2.1  System domain

The SD comprises the generic aspects in SITE and handles the grid system, cell-attributes,
cell-/cluster-iterators and other components. The latter integrates methods for model testing
and calibration using map comparison algorithms, distance and neighbourhood operations
and clustering procedures. SITE includes a graphical user interface (GUI), which supports
the execution of land-use models and visualisation of simulation results. A 3-D view offers
the possibility to freely assign (and combine) x/y- and z-axis with cell attributes (e.g. ‘crop X’
and ‘distance to market’). Additionally, a command line is available for consecutive runs, e.g.

during sensitivity analysis or model calibration.

The coupling of third party models is enhanced by providing a generic interface that allows

the implementation of feedbacks between different framework components and different

processes, which are considered an essential aspect of integrated approaches (Verburg

2006). In recent studies we linked the biophysical model DayCent (Parton et al.1998), to

simulate carbon dynamics, biomass and crop yields (Priess et al.2007, Priess et al.2010,

Schweitzer and Priess 2010, Das et al.2010). The integration is based on a client-server
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solution in which SITE acts as client distributing modelling jobs (= annual simulations for cells
or clusters) to the DayCent server. The interface can configure and execute jobs and handle

incoming simulation results.

2.2 Application domain

The AD is designed as a scripting interface to access functionalities and methods
implemented in the SD. Setting up a new model in the AD requires minimally the use of the
two functions Initialize() and SimulationStep(), in which the model's scheduling has to be
included. The sequence of sub-module calls reflects the model's scheduling hierarchy.
Potential users benefit from the existing case studies, which already provide a set of sub-
modules, in different Python files that can be modified to cover new research objectives.
Figure 3 presents a generalized scheduling structure that can be executed by SITE, based

on the ones we use in current studies.

def Initialize(grid):
# initialize the grid system
gri d. Set Geor ef erence(x, Yy, resol ution)
# cal cul ate cluster-1ayer
Confi gC ust er Layers()
# count nei ghbour cells for all lu/lc-types
NghbCount ()
# cal cul ate di stances
Cal cDi st ances()
# run DayCent to calcul ate potential yields
DayCent . Cal cPot Yi el ds()

def SinulationStep(grid,step):

# performsuitability assessnent
CalcSuitabilities()

# allocate lu/lc

Settlments. Al'l ocate()

Crops. Al'l ocat e()

Forest. Al l ocat e()

Grassl and. Al | ocat e()

# run DayCent to calculate current yield
DayCent . Cal cCrnt Yi el ds()

Fig. 3. Example of a main Python file used in SITE. The function Initialize() generates the simualtion
grid and intialises all attribute values, including operations required for further model simulation.

SimulationStep() includes the model’s scheduling that will be repeated every time step.

2.2.1 Initialization

Initialize() first generates the simulation grid, followed by operations setting the cells to an
initial status with cell-specific attribute values (e.g. count the number of neighbour cells,

perform distance calculations etc.). To reflect identical or almost identical biophysical
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properties of grid cells and simultaneously reduce the high runtime requirements of DayCent,
the cluster algorithm of SITE groups cells of the same LUCC type to derive units of uniform
geographical and biophysical properties, comparable to hydrological response units - HRUSs,
a concept often applied in hydrological studies (Fligel 1995). Cluster definitions (and
resulting cluster size) usually depend on data quality, research question and may apply any

cell attribute present in the case study.

2.2.2 Simulation step

In SimulationStep(), land-use decisions are simulated typically once a year following a three
step process: (i) suitability analysis based on a multi-criteria approach, (ii) execution of
allocation modules, that are driven by the demand for commodities (e.g. space for housing,
food, wood) and (iii) calculation of plant growth, biomass and trace gas fluxes both for natural

vegetation and agro-ecosystems, currently using DayCent.

Suitability analysis

The task of the suitability module (SUIT) is the generation of dynamic suitability maps for
each of the LUCC classes expected to change. SUIT employs a multi-criteria approach
which is transparent, flexible and has the capacity to integrate large amounts of
heterogeneous data (Eastman et al.1995). SUIT is subdivided into functions computing
biophysical suitabilities (e.g. elevation, terrain slope, soil fertility, precipitation) and
suitabilities based on socio-economic factors, if necessary (e.g. gross margins, accessibility,
farmers’ preferences). All suitability values are normalised to a range between 0 (not

suitable) and 1 (perfectly suitable) following the equation:

m n [o] p
Sy =(WBZIBi Sgiw t+ WEzgi Skik j [I_l Cai |_| Ciu (1)
i=1 i=1 =1 =1

suitability constraints

withwg+we =1; > B =1; > & =1; Sy, Seig » Cgjia » Cgjug D[Q 1]
= =

The calculation of the overall suitability value sy for each grid cell k and land-use type |

consists of two terms. In first part (suitability) the mean value of the partial suitabilities sg; for
biophysical and sgi for socio-economic criteria are weighted using the partial weights S,/&;,
where m/n represent the total number of criteria included. The advantage of this approach is
the possibility to assign one weighting factor for the entirety of the biophysical (wg) versus the

socio-economic suitability components (wg). Constraints may reduce the overall suitabilities

by applying o/p constraints cgj/Cei to €ach class or land-use type. Constraints can be used
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to simulate limitations or restrictions, e.g. land-use in protected areas, steep terrain, etc. The
determination of reasonable suitability factors usually involves a preliminary selection of the
competing factors, studying empirical information and by the application of a correlation
analysis. Criteria weights are derived from model calibration or can be achieved using

approaches like the Analytical Hierarchy Process (Saaty 1980, Chen et al.2010).

Land allocation

The set of maps calculated by SUIT serves as the basis for the land-use change decisions
implemented in the allocation module (ALLOC). ALLOC includes a set of modules allocating
settlements, crops, forest etc. The hierarchy in ALLOC follows the sequence of regional land
allocation preferences, and may differ between case studies. Rules for the allocation are
usually implemented in the form of a decision tree. In current studies the allocation of
settlement areas has the highest priority and is therefore executed first. At the next hierarchy
level demand for agricultural products steers the allocation of different crop types and so on.
Next we provide an example for a demand-driven competition for land between different
crops. If a cell is selected as change-candidate (e.g. current land use is low-yielding or
unprofitable), the algorithm identifies the most suitable crop for this cell. In the crop module,
decision criteria are evaluated consecutively, starting with the crop-type with the largest
difference between current production and demand. Note that the algorithm switches
between crops to avoid allocating the most favourable cells to just one crop. If current crop
production is higher than the demand, cells are either converted to other land uses, or to
fallow if below a productivity limit (defined as < x % of mean yield in a region or
administrative unit). Allocation criteria vary between case studies, but are always based on
crop-specific SUIT results (ranking of all cells with a suitability > 0), using actual productivity,
profitability or potential productivity if a certain crop has never been grown in a cell.
Furthermore, ALLOC employs a conversion-matrix, which bars conversions that do not occur

in the study area (e.g. conversion of agricultural land to forest or urban to village land).

Simulation of plant growth

In a last step, DayCent calculates carbon and nitrogen dynamics of plants and soils within
the respective clusters. Results are fed back to the SUIT and ALLOC modules, updating
dynamic attributes (e.g. carbon, nitrogen, biomass, yields), and thus informing subsequent

land-use decisions.
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2.3  Validation methods and automated calibration

The SD includes model calibration and model validation components based on a map
comparison toolkit for categorical maps, comprising spatial statistics like Kappa (Pontius
2002), Figure of Merit (Pontius et al.2008) and moving window approaches (Kuhnert et
al.2005). All implemented algorithms are suitable to assess the similarity of simulated maps
(model output) against a reference map derived from independent sources, using identical

sets of LUCC classes.

An automated optimization algorithm is included to identify the best parameter values using a
genetic algorithm (GA) (Wall 1996), which has been shown to be an efficient optimization tool
in recent studies (Holzkamper and Seppelt 2007). The GA works through the n-dimensional
search space, and assesses the optimal parameter setting (n: number of calibration
parameters). Note that parameters used in DayCent and parameters used in the AD can be
calibrated simultaneously, to account for the fact that yield levels may have a strong impact

on both land-use areas and patterns.

2.4 Environmental scenarios

A major objective in many land-use studies is to assess potential consequences of future
land-use options, or development pathways (Alcamo et al.2008). SITE provides structures to
simulate and analyse quantitative scenarios driven by socio-economic and biophysical
changes. The GUI provides an interactive scenario dialog-box, an additional feature through
which users can directly edit and change scenario data e.g. to respond to implausible land-

use changes discovered during simulations, and re-run the scenarios.

3. Conclusions

In this paper we presented the SITE modelling framework, which is designed for spatially
explicit regional land-use modelling. SITE uses modular software concepts to enable users to
focus on advancing the state of the art of land-use modelling. The GUI supports the
execution and analysis of land-use models, facilitating the active participation of researchers
| stakeholders / policymakers with limited capacity or prior experience in modelling. The built-
in flexibility and adaptability contributes to shorten the process of identifying or developing
adequate model constellations, which is usually a very challenging task, especially if the
research is embedded in a multi-stakeholder setting (Sterk et al.2009) with potentially
conflicting interests. In this context, SITE supports the increasing number of (participatory)
land-use studies, providing fast iterators available for cell, cluster and neighbourhood
analyses, without ignoring important system feedbacks or oversimplifying the complexity of
terrestrial systems. Time-consuming calculations can be parallelized making use of the built-

in client-server solution.
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The use of a scripting language for the AD offers a large degree of freedom for model
developers with respect to complexity, for example to simulate land-use decisions, or
competition for land, processes typically requiring multiple variables and structures to
characterize them. Additionally, this type of programming language provides a user-friendly
facility to interact with the complex software generics, advantages also seen by other

environmental modelling groups (Kraft et al. 2011).

The next steps include an improved integration of wildfire simulations, for which first results
have already been published (Schweitzer and Priess 2010). In this context it is also
envisaged implement a standard model interface such as the Open Modeling Interface and
Environment (OpenMI 2009) and migrate to a platform independent and open source

version.
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4.3 SITE-Karnataka — new components

4.3.1 Economic components

Several authors have observed the importance of including socio-economic drivers while
modeling land use change (Veldkamp and Lambin 2001; Turner et al. 1995; Musters et al.
1998). Incorporation of social, economic and political factors in land use models is often
hampered by lack of data and methodological difficulties which is a possible reason that few
published papers deal with ecological and economic integration in a spatially explicit way
(Veldkamp and Lambin 2001; Munier et al. 2004). Bioenergy system components (such as
feedstock production, conversion technology and energy allocation) are often embedded in
several social, economic and environmental contexts that are ignored when bioenergy
planning is done focussing on a single component (Buchholz et al. 2009). Moreover, all new
developments in the energy sector are dependent on the willingness of investors, developers
and suppliers to the market (Elghali et al. 2007) and subsidies, therefore substantiating the
necessity of incorporation of market based economic criteria while studying land use change

in the context of bioenergy.

This study added new modules to the SITE framework by integrating and simulating the
impact of the regional components of agricultural / biofuel marketing systems (spatial location
of markets, cost of cultivation, prices and profit margins). The following sections describe the
most important aspects of the current agricultural marketing framework in Karnataka (which
also applies to the national scale), details of costs and prices involved in producing
agricultural goods (also biofuel commodities) and the implementation of the economic

components in SITE- Karnataka.

4.3.2 Agricultural marketing in Karnataka

In India, traditionally agricultural produce was sold by farmers to (i) moneylenders / village
traders (ii) village markets and (iii) unregulated wholesale markets. The establishment of a
regulated marketing system was one of the measures taken up by the government to prevent
exploitation of farmers by middlemen (Haque and Sirohi 1986). In Karnataka, as in other
parts of India, Agricultural Produce Marketing Committees (APMCs) play a regulatory role in
the functioning of the markets and are governed by the APMC Act. Most of the wholesale
and village markets come under the purview of the APMC. The regulated markets consist of
principal markets and sub-yards. The regulated marketing system ensures increased
transparency in price structures and more order in the market places. Infrastructural
developments such as construction of approach roads that link primary and secondary

wholesale markets also improve farmer access.
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In Karnataka there are a total of 204 APMCs (Ministry of Agriculture 2004), each of which
has members from all representative sections of the society. The Karnataka State
Agricultural Marketing Board (KSAMB) was established in 1972 as a liason agency between
the APMCs and the Government of Karnataka. Through an online Marketing Information
System (MIS), it is possible to get detailed information on each APMC on 25 different
parameters such as income — expenditure details, market charges, credit given and

borrowed, transportation, market arrivals etc (KSAMB 2011).

The agricultural price policy in India aims at building an intervention in the agricultural
markets to influence the level of fluctuations in prices and price-spread from farm-gate to the
retail level (Ministry of Statistics and Programme Implementation 2010). The main tiers of

prices in India are-

@ Producer Prices (Farm Harvest Prices): This is the price realised by the farmers at
the farm-gate. The cost of transporting agricultural produce from the farm to the
market or the first point of sale off-farm and of selling it there (by the farmer himself

or by specialized agents) is not to be included in the farm-gate price.

(i) Wholesale Prices: This refers to the price at which a relatively large transaction,
generally for further sale is effected. After an agricultural product leaves the farm-
gate it may pass through one or more wholesale markets (primary or secondary) and

a chain of middlemen.

(iii) Retail Prices: These prices are established in transactions in which quantities dealt
with are relatively smaller than in wholesale transactions and in which the final
consumers of the agricultural product participate as buyers. Among other uses, they
are used in constructing consumer price indices and are useful in determining

agricultural wages.

Cost of Cultivation (COC) forms an important part of the agricultural economics profile in
India. Intensive surveys for data generation on the various inputs are carried out by the
Central Statistics Organisation in India (Central Statistical Organisation 2008). All input data
is obtained by direct inquiry from the farmer. A “Comprehensive Scheme for Cost of
Cultivation of Principal Crops” was designed in 1970-71 which was subsequently modified to
meet changing requirements. The current design follows a three stage stratified random
sampling design whereby each state is demarcated into homogenous agro-climatic zones
based on biophysical characteristics. A village is the smallest administrative unit of survey

and data is collected from selected villages at 5 different farm-size classes.
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4.3.3 Implementation in SITE- Karnataka

Marketing is the final stage where the farmer converts his efforts and investments into profits.
With the modernization of agricultural systems, increasing cost-consciousness has been
observed in south India. Moreover, the financial success of farmers depends not only on
returns they receive from a particular enterprise but also the location that they sell their
produce in (Jyothi and Raju 2003). To improve the representation of economic components
of agricultural production and biofuel development, this study used net profit margins as a
key criterion in the suitability assessment of crops. The two major assumptions of the
approach are — (a) all agricultural produce is sold, i.e subsistence agriculture was not
considered (b) all agricultural produce is sold at the wholesale market. The lack of time
series data on marketable surplus and adequate price information were the reason for these

assumptions.

In the first step, a spatial database of markets (APMCs) was developed with details of 204

APMCs across Karnataka (available at the online MIS portal- (http://www.ksamb.gov.in/). As

shown in Figure 2, a careful analysis of available qualitative information was transformed into
detailed spatial information to be used as an input to the model. While all other commaodities
are traded in regulated APMCs, sugarcane trade takes place directly at sugar mills, hence for
the purpose of this study, all sugar mills were assumed as “sugarcane markets” (Maps of
India 2010). No information on established markets for jatropha biodiesel could be located as
the development of the marketing network for biodiesel is still at a nascent stage. Therefore,
the location of existing commercial biodiesel processing units (K1 Oils and Labland Biodiesel
Pvt. Ltd.) and government owned oil refineries (at Bangalore and Mangalore) were used as
“jatropha markets”. Detailed information on commodities traded at each of these 204 APMCs
was incorporated into the database using the Directory of Markets (Ministry of Agriculture
2004). According to our analysis 33 “commodity specific markets” (i.e. markets that trade
only in one crop (rice or maize etc.)) operate in the region. Nearly 50% of the markets trade 3
commodities and only 6 out of 204 markets trade all six major crops in the region. There is
large variation in the items traded across the network of APMCs, 38 combinations of traded
items were used in this study (Figure 2). This level of detailed representation of the
interaction between markets and commodities was selected in order to capture the

importance of spatial distribution of the markets.
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In the next step, the distance function of the SITE framework was used to calculate distance
of a crop pixel to its nearest market (see examples in Figure 3 and 4). Since time series of
wholesale prices (corresponding to APMCs) was unavailable, time series of Farm Harvest
Prices (FHP) was used (Directorate of Economics and Statistics, 2007) and travel costs were
added to the prices by using a cost surface.

Legend Legend

- High : 131 km

Low = 0
Low - O km 0 25 &0 100 150 Kilometers 0 25 &0 100 150 Kilometers
: Ll

High : 92 km

Figure 3 Distance to Oilseed markets Figure 4 Distance to Maize markets

A database for the cost of cultivation (COC) of each crop was created from the available data
(Directorate of Economics and Statistics, 2007). The underlying components of the COC for
crops (Rice, Maize, Millets, Pulses, Oilseeds, Cotton and Sugarcane) are given below (for
more details see Directorate of Economics and Statistics 2007) - “Cost of Cultivation of

Principal Crops in India”)

1. Operational Costs- (Human labour, family, casual)
2. Labour costs - (Bullock labour (hired/ owned), machine labour (hired/ owned), Seed)
3. Fertilizer costs + Manure costs + Irrigation charges + Insecticides
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4. Fixed costs (Rental value of owned land / rent paid for leased-in-land/ land tax/

depreciation on implements and interest on fixed capital)
5. Miscellaneous
The COC of jatropha based biodiesel included the following components (NOVODB, 2007)
1. Site preparation (cleaning, levelling, alignment)

2. Digging of pits

3. Cost of plants during first year of planting + cost of replanting
4, Weeding and soil working

5. Harvesting of fruits/seeds

6. Miscellaneous

Net profit margin that was used as a suitability criterion in the MCA and was calculated for

each grid cell based on Equation 1:
Net Profit = (Crop Yield * Cell Size * Wholesale Price) - COC (Equation 1)
where:
Crop Yield = crop yields calculated by DayCent (t/ha)
Cell Size = size of grid cell (400 ha)
Wholesale Price = FHP + travel costs to nearest market (INR /1)

COC = Cost of Cultivation (INR / ha)
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5 Production and processing of biofuels in South In dia*

Abstract

The management of degraded lands or wastelands for alternative energy production is a
strategy that has been widely propagated in Indian environmental policies. However, gaps in
productivity estimates have been a challenge to the implementation of these policies e.g. in
the form of bioenergy plantations. This paper examines the potential of Jatropha curcas as
an energy crop in southern India. Besides potential energy production, Jatropha systems are
also known for various environmental co-benefits. We estimated potential yields of Jatropha
on degraded lands of southern India through a spatially explicit modelling approach. Our
results indicate productivity ranging from 0.1 Mg ha™ yr* to 1.7 Mg ha™* yr* on four types of
wastelands and hence present a modest potential as an alternative energy feedstock. The
range of agricultural land conversion to meet energy requirements has been estimated at 1-
7%, depending on the oil content of Jatropha seeds and oil extraction technologies. Besides
contributing to energy management and planning at the state or district levels, the study also
identifies the need to improve estimates of wasteland availability and oil extraction

technologies as two major determinants of successful Jatropha based bioenergy production.

Keywords : Biodiesel, biofuel, crop yield, South India, SITE land-use model, DayCent model,

oil extraction technology

1. Introduction

India faces the critical challenge of meeting an increasing energy demand, ranking 6th in the
world in terms of energy requirements. The primary energy supply is assumed to increase by
3-4 times from 2003-04 levels in order to sustain daily energy requirements of 2031-2032 if
the current GDP increase of 8% per year continues (Planning Commission 2006). Currently
India imports 73% of its total oil demand, while 27% is derived from domestic sources
(Kureel 2006). There has been an increased commercial and research interest in biofuels as
a renewable energy option in India since 2002-03, especially from non-edible oilseeds such
as Jatropha curcas, Pongamia pinnata, Azadirachta indica, Simarouba glauca, Madhuca
indica etc. Efforts to explore the possibilities of oilseed based biofuels were intensified with
the launch of the ‘National Mission of Biodiesel' by the Indian government in 2003 to be

undertaken in two phases until 2012, and has been followed by the adoption of the National

* Das S and Priess JA, Production and processing of biofuels in South India, Environmental

Management, submitted March 2011
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Biodfuel Policy (Ministry of New and Renewable Energy 2010). According to the policy,
blending targets for both biodiesel and bioethanol have been set at 20% until 2017 while
targets for biodiesel can be recommendatory. The Indian Railways and the Karnataka Road
Transport Corporation (KSRTC) have demonstrated the large scale applicability of biofuels
(Ministry of Railways 2008, Megharikh and Rao 2006).

This paper has three aims — (i) to demonstrate a modelling approach to estimate potential
yields (in terms of seeds) of Jatropha in South India, (ii) estimate potential production (in
terms of oil), considering oil content of seeds and oil extraction methodology as main
parameters and (iii) calculate additional land requirements to achieve existing political
biodiesel targets. The methodology presented in this paper is applicable in all 29 states of
India, based on district level estimates of biodiesel production (from Jatropha or other crops)

for the entire country (see following paragraphs).

Jatropha plantations have been recorded in several states of India, viz. Maharashtra,
Karnataka, Uttaranchal, Chhattisgarh, Andhra Pradesh and parts of the North-East. Some of
the assumptions/ advantages that have led to an increase in the interest in Jatropha in India

are-

1. The high seed yield of the plant even under sub-optimal environmental conditions of
semi-arid to arid climates. It has been reported that Jatropha can grow under a range
of rainfall regimes (300mm to 1500 mm per annum) with the ability to withstand

extended drought conditions (Benge 2006).
2. Amelioration of degraded soils under Jatropha (Kureel 2006).

3. Potential improvement of the livelihoods of rural people through Jatropha production
systems (Altenburg and others 2009, BAIF 2006).

Reliable reports of yields of Jatropha are crucial for further estimation of the total potential of
biodiesel production. To date, the lack of reliable knowledge on potential yields of Jatropha
under sub-optimal or marginal conditions has constrained the establishment of large-scale
plantations (Jongschaap and others 2007). The absence of scientific information has also
been identified as the severest drawback by farmers in India (Meena and Sharma 2006).
Though more drought tolerant than many other crops, Jatropha responds with reduced yields
to low water and nutrient levels of soils, but these aspects of marginal lands are only poorly
documented, as only few experiments have been conducted on degraded lands (FAO
2008).0n experimental plots, Jatropha intercropped with red gram, onions and wheat have
been reported to yield 0.6 Mg ha™, 1.6 Mg ha™* and 1.0 Mg ha™ of seeds respectively, while
intercropping with lentils produced only negligible yields (Punia 2009). However, only few

reliable estimates for seed yields of mature plantations are available to date, because
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systematic yield monitoring started only recently (Achten and others 2008). On drylands in
India, some individual field studies have aimed at estimating seed yields, methane potential
and energy flows in Jatropha systems. It has been demonstrated that the total seed yield
(35% oil content) was 1.4 Mg ha™ in the state of Tamil Nadu (Gunaseelan 2009).

In Karnataka, currently only 11.5 % of the total energy is derived from renewable energy
sources, which is aimed to be scaled up to 20% by 2014 (Government of Karnataka 2009).
Biodiesel production programmes from non-edible oilseeds have been planned by the
government in India only on wastelands and degraded forest lands (Government of
Karnataka 2007, Ministry of New and Renewable Energy 2010). The wasteland fraction in
Karnataka comprises of 7.1% of the total area (NRSA and DOLR 2005). Spatially explicit
information on distribution of potentially high and low yielding zones have been provided by
employing vegetation and crop models, such as DayCent (Stehfest and others 2007) or
LPJmL (Lapola and others 2009). Results from Lapola and others (2009), provide potential
yields at national levels for Brazil and India. Although such national estimates are useful
indicators of total potential, they are limited in their capacity to be directly utilised for
implementation, as they estimate yields at rather aggregated levels (~ 100 km? pixels) and do
not consider nutrient or other environmental limitations. Since many biofuel programmes are
developed by state, district or village administration, more detailed estimates are needed to
support regional scale decision-making. Our study aims to amplify convergence of the scale
of research with the scale of implementation by providing district level data. Another distinctly
significant attribute of this paper is the use of spatial wasteland data for yields which has not
been previously used in other studies. Due to the varying nature of limiting factors, yield
levels may vary considerably across different categories of wastelands. Using a nationally
adopted wasteland classification is necessary while reporting potential yields, because legal
ownership of wastelands is crucial to the planning process. Maintenance of an established
classification system also allows for clarity of legal status of the land and associated rights for

potential biofuel projects.

This paper further aims at improving accuracy of biofuel estimates from Jatropha by
considering climatic and soil fertility constraints, various levels of oil content in Jatropha

seeds, as well as major extraction technologies commonly used in India
2. Methods

2.1 Study area

This study was conducted in Karnataka (11.31%18.45N; 74.12%78.40E). The area of
Karnataka is 192,000 km? with an elevation ranging from 300 — 900 m.a.s.l. The state has a

population of 53 million (2001), with 66 % of the population living in rural areas (Planning and
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Statistics Department 2005). The major physiographic regions of the state are the Deccan
plateau which forms part of the peninsular plateau of India extending southwards and the
coastal plain region on the western boundary of the state, popularly known as the Western
Ghats. The region receives almost 80% of rainfall from the southwest monsoons during June
— September and 20% from the northeast monsoon during October - December. The
average annual rainfall is 1189mm with large variations ranging from 300 mm/ year to 2500
mm/ year across the state (DES 2007). Broadly, the soils of the area can be classified into
red and black soils with loamy and sandy textures. Soils on degraded lands suffer from high
salinity. Although the role of agriculture in the economy of the state has diminished over the
last two decades, it remains the largest source of employment with more than 60% of the
working population involved in agriculture. The agricultural sector is characterised by diverse
crop systems and is highly dependent on monsoons, struck by the frequent occurrence of
droughts (Planning and Statistics Department 2005, Karnataka State Agriculture Department
2010).

2.2  Modelling framework for potential yield calcula  tion

Some of the recent integrated modelling frameworks offer the advantage of simulating crop
yields under different conditions, including soils, management, landscape and agro-climatic
parameters, and resulting land requirements (Stehfest and others 2007, Lapola and others
2009).

We determined potential yields of Jatropha in Karnataka with the DayCent model (Parton
and others 1998), which is simulating the physiological growth of the plant. DayCent employs
a daily land surface submodel wherein plant growth, nutrient cycling, evapotranspiration are
calculated as a function of daily weather, plant, soil and management parameters, etc.
(Parton and others 1998). It is noteworthy to mention here that in contrast to LPJmlI that does
not constitute a nitrogen cycle (applied by Lapola and others 2009), DayCent encompasses
nitrogen cycling through its Nitrogen Submodel (Stehfest and others 2007) thus enabling
nitrogen limitation in plant growth. The model is embedded within the SITE framework
(Mimler and Priess 2008, Schweitzer and others 2011) for spatially explicit representation of
the study area, the state of Karnataka. SITE (Slmulation of Terrestrial Ecosystems) was
developed as a land-use modelling framework specifically for regional applications. SITE is a
generic platform, which facilitates developing land use models for different study areas
addressing various environmental questions (Priess and others 2007, Priess and others
2010).

In the current study, we used a spatial resolution of 2 x 2 km. The DayCent parameterization

of Jatropha was developed using available literature based on field experiments in India and

elsewhere (see electronic supplement). Jatropha is a shrub growing up to 8-10 m
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(Department of Biotechnology 2007) and therefore was parameterised as a ‘tree’ plant type
in DayCent. Minimal management practices were assumed since the promotion of Jatropha
has been based on the potential of the plant to grow under low management (= low to no
input) conditions. We used FAO soil data (FAO 2009), which was scaled down to the
required resolution in ArcGIS. CRU climate data (Precipitation, Maximum temperature,
Minimum temperature) (Mitchell and Jones 2005) was used for daily weather calculations.
Potential yields were calculated averaged over a 30 year time period for 1970-2000 climate

conditions.

2.3  Estimation of wasteland availability

In Karnataka 1,353,700 ha are classified as wastelands, which account for 7% of the total
area (NRSA and DOLR 2005). Out of the 28 sub-classes of wastelands in India, few are
suitable for the cultivation of Jatropha (Ramakrishnaiah 2006). Barren rocky lands, areas
with steep slopes, sands, mining and industrial wastes and similar land categories are not
suitable for cultivation, due to extremely limiting growth conditions (Parikh 2008). The
categories of land suitable for Jatropha and the corresponding area available as calculated
from the Wasteland Atlas are given in Table 1. The wasteland map (NRSA 2005) was
rescaled to the required resolution for spatial distribution of suitable wastelands. 75% of the

total wasteland area in the state is theoretically suitable for Jatropha cultivation.

Table 1 Different types of wasteland suitable for Jatropha cultivation

Wasteland Category Area Available in % of Total Wasteland
Karnataka (ha) Area

Land with scrub 409,800 31

Land without scrub 73,000 5

Saline /Alkaline Lands 16,600 1

Degraded Forests 524,000 38

Total 1,023,400 75

2.4  Seed oil content and oil extraction technologie S

Total biodiesel production from Jatropha depends on oil content of the seeds, extraction
efficiency of the oil from the seeds, and blending ratios with high speed diesel. The oil
content largely depends on the variety / genotype of Jatropha plants being used. Oil content
has been known to vary over a wide range of 19% - 45% (Kureel and others 2007, Meena
and Sharma 2006, Kandpal and Madan 1995, Pratibha and others 2009, Kumar and Sharma
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2008).We calculated oil yields based on commonly reported 30%, 35% and 40% oil content

in seeds.

In India and elsewhere, oil from Jatropha seeds is extracted by various means. The choice of
the method for oil recovery is important for the final quantity and quality of biodiesel
production and thus the economic viability biofuel production. There are a range of recovery
methods available. In India, a large fraction of the recovery process is dependent on the
traditional ‘Ghani’ method. A Ghani is fundamentally a mortar-pestle mechanism, in which
the oilseeds are held in a circular mortar made of wood or stone and a rotating pestle. A load
beam rides around the outside of the pit and is yoked to two animals. Variations in Ghani
designs exist across India, in the south, large Ghanis made of granite have a capacity of 35-
40 kg of seeds (Acharya 1994). The efficiency of a Ghani has been reported to be 57% for
Jatropha (Punia 2009). In the absence of other options, under most circumstances local
farmers use Ghanis for oil extraction, ‘Power Ghanis’, an electrical version of the traditional
Ghani are also being used for which experimental studies are ongoing for evaluation of
efficiency. A faster and more efficient option is the use of Mechanical Expellers. In the
absence of expellers specifically designed for Jatropha, traditionally available expellers are
currently being used, the efficiency of which for Jatropha seeds is 68%. Research for
designing a mechanical expeller for Jatropha has been undertaken and a lab scale expeller
is reported to have an efficiency of 81% (Punia 2009). Industrial extraction by solvent
extraction techniques have the highest efficiency, reported to reach 100% (Punia 2009). We
have examined the total potential of Jatropha crude oil production under four assumptions of

oil content and extraction efficiency.
3. Results

3.1 Modeling results for potential seed yields

We calculated potential seed yields from different categories of wastelands, using the
wasteland map (NRSA 2005). The spatial distribution of the three major classes of
wastelands and corresponding potential yields under rainfed conditions are shown in Fig. 1.
The average vyield calculated is 0.8 Mg ha™ with a maximum of 1.7 Mg ha™ on degraded
forest lands. Districts covering the Western Ghats- Uttara Kannada, Udupi and Dakshina
Kannada (see Supplement Fig.3 for a district map) have the highest yield potentials
averaging 1.5 Mg ha™ on wastelands while the dry northern Karnataka districts of Bagalkote,
Bidar, Gulbarga and Raichur have significantly lower yields ranging from 0.25 — 0.85 Mg ha™.
Our results indicate that potential yields are low during the first seven years of growth (0.4 —
0.8 Mg ha™) and stabilise after the 8" year of growth to 0.8 — 1.0 Mg ha™ (see Fig. 1,

Supplement). In Karnataka, a strong climatic gradient exists from West to East with declining
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amounts of rainfall. Yields are correlated to rainfall (R*>= 0.6) and are in the range of 0.7-1.0
Mg ha™ under precipitation regimes of 500- 1000 mm. At higher precipitation (> 2000 mm)
yields increase to 2.5 Mg ha(see Fig. 2, Supplement).

Yield (Mg/ha)
Land with Scrub
. <1
® 117

Land without Scrub
<1

| 117

Degraded Forest
A <1
A 1-17

Fig. 1 Potential seed yields of different wastelands
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3.2  Calculation of potential oil yields

Table 2 gives the potential oil yield calculations in different categories of wastelands for the
entire state. We have calculated oil yields assuming 30%, 35% and 40 % oil content in
seeds. Relevant types of wasteland areas per district and corresponding potential yields are
presented in the electronic supplement. Figure 2 shows the overall wasteland areas per

district and the average potential yield of Jatropha seeds (Mg ha™) in each district.

Table 2 Potential oil yield from Jatropha at different oil content

Wasteland Total Area in Seed Yield Potential Oil Potential Oil Potential Oil
category Karnataka (ha) (Mg ha™) Yield (30%) Yield (35%) Yield (40%)
(tons) (tons) (tons)
Degraded
524,000 628,812 188,643 220,084 251,524
Forests
Land with
409,800 463,102 138,930 162,085 185,240
scrub
Land without
73,031 58,425 17,527 20,448 23,369
scrub
Saline/Alkaline
16,743 10,045 3,013 3,516 4,018
Lands
Total 1,023,609 1,160,385 348,115 406,135 464,154

Note-Qil yield values are based on 100% oil extraction efficiency

79



Production and processing of biofuels in South India

Wasteland Availability (ha) . 3
. High : 118,500 N%ji,J
Mean : 38,000
Low : 4,000

Fig. 2 Current wasteland area (colour scheme) and average seed yields per District(numbers)
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Table 2 shows potential oil yields assuming 100% extraction efficiency. However, the net oil
production is highly dependent on various techniques applied during the processing chain,
one of the most crucial being the method of extraction, as discussed in Section 5.3.2. Table
5.3 shows the total potential oil production under four scenarios with varying oil content and

extraction efficiency.

Table 3 Potential oil yields resulting from different extraction technologies
Qil Extraction Efficiency (%) and Technology
Content of
Seeds (%)
100 81 68 57
(industrial (IIT* technology (traditional (tradtional Ghani
solvent mechanical mechanical oilpress)
extraction) expeller) expeller)
30 348,115 281,974 236,719 198,426
35 406,135 328,969 276,172 231,497
40 464,154 375,965 315,625 264,568

*|IT — Indian Institute of Technology, New Delhi

3.3  Calculation of additional land requirements

The political biodiesel target is to produce 500,000 tons oil (Karnataka Renewable Energy
Development Limited 2008). This value does not refer to Jatropha only, but includes all other
potential biodiesel sources. We have used 500,000 tons for further calculations of additional
land requirements, assuming that all biodiesel is produced from Jatropha. From Table 2 and
Table 3, it is clear that Jatropha has a high potential of contributing substantially to the 0.5
million ton target. Depending on Jatropha varieties and extraction technologies in use,
between 40% and 93% of the desired amount can be produced on Karnataka's wastelands.
In consequence, additional land would be required to fulfil current political targets. The total
agricultural area in Karnataka is is 12.88 Mha (DES 2007). We calculated Jatropha
production for six land use scenarios, based on the average simulated productivity of 2.0 Mg
ha™ on agricultural land. Note that the productivity of agricultural land is 67% higher than the
one of wastelands. The potential production under different rates of conversion of agricultural

lands is shown in Table 4. The difference between the targeted 0.5 M tons and the potential
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production is 35,846 tons - 301,574 tons, for which approximately 1% - 7% of agricultural
land would be needed for rainfed Jatropha production. Under ‘Low’ conditions (=low oil
content AND low extraction efficiency) approximately 7% of agricultural land would be
required to meet biofuel targets. Under ‘High’ conditions almost the entire targeted amount
could be produced on wastelands, and only 1% of additional agricultural land would be
needed (Table 4). Note that all calculations assume 100% availability of the three wasteland

categories suitable for biofuel production.

Table 4 Potential oil production on agricultural land

Area Converted for Jatropha Qil Production (tons) Qil Production (tons)
(%) (Areain ha) Low" High2
1 % (128,870) 44,047 103,096
5% (644,350) 220,368 515,480
7% (902,090) 308,515 721,672

'Low: 30% oil content + 57% extraction efficiency. 2High: 40% oil content + 100% extraction efficiency

4. Discussion

Recent reports from the state of Andhra Pradesh (South India) indicate that yields for a 3
year old plantation sum up to meagre 0.1 Mg ha ™ under 780 mm of rainfall. It has been
further anticipated that at the end of the 6" year, yields shall increase to 1 Mg ha ™ (Brittaine
and Lutaladio 2010). From the neighbouring state of Tamil Nadu (South India), yields under
rainfed conditions have been reported to be 0.45 Mg ha ™ and 0.75 Mg ha ™ under irrigated
conditions for a 3 year old plantation Ariza-Montobbio (2010). In Maharashtra (Western
India), average yields after seven years stabilized at 1.25 Mg ha ™ (Gokhale 2008), whereas
in Chhattisgarh (Central India), in a 2 year old plantation yields of 0.5kg /plant have been
reported (Gmuinder and others 2010). In the absence of reported values of plantation density
in the latter example, yields can be calculated to be 1 Mg ha ™ (assuming 2000 plants / ha).
The agreement of our simulation results to the above reported values strongly supports our
parameterization of Jatropha in DayCent (for more details see Table 2, in the electronic

supplement).

Using political targets as a measure for comparison, we deduce that Jatropha has a
moderate to high potential for biofuel production in South India. Our results indicate that it
can be utilised as a promising biofuel crop even under rainfed conditions. However, current
political biofuel targets overestimate the biophysical potential (including the technical
potential) by 7% to 60%, indicating either the need for additional land, intensified Jatropha
production, improved Jatropha varieties, optimal extraction facilities or a mix of the four
factors influencing biodiesel production from Jatropha or similar oil crops. Similar over

expectations were reported by Ariza-Montobbio 2010, who found that the actual yields from
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the field were ten times lower than previously expected yields. Research has already shown
that yields can be significantly enhanced under irrigated conditions and/or with the
application of fertilisers (Punia 2009). Irrigation at 30 day intervals has been considered
essential under arid and semi-arid ecosystems (average annual rainfall of 800- 900 mm) in
tropical countries (Behera and others 2010). However, it would not be feasible to assume
adequate water availability for biofuel production, as currently only 30% of the gross cropped
area in the state is irrigated (DES 2007). In order to avoid that scarce water resources are
diverted from food crops to biofuel production, estimates of the potential productivity of
Jatropha need to be based upon yields under rainfed conditions. Other management optins
such as intercropping with food crops have been suggested by some researchers. However,
intercropping also may cause competition for resources (water, nutrients) between crops,
resulting in unintended decreasing yields of the food crop component. Intercropping
experiments currently being conducted may provide adequate guidelines on the potential of
Jatropha as an intercrop on agricultural lands (Punia 2009, Behera and others 2010,
Gokhale 2008).

The merits of Jatropha are based on its ability to grow under various climatic and soil
conditions. Our study shows that although it can grow and also produce seeds under drier
conditions, the productivity is in the range of 0.1 - 1.7 0 Mg ha™. Thus, allocation of Jatropha
plantations e.g. in the dry districts of northern Karnataka and the neighbouring states, or the
wetter regions of the Western Ghats, needs thorough planning. It is noteworthy that the
potential productivity of Jatropha is lower in the districts where wasteland availability is
higher. For example, in the districts of Bellary, Belgaum and Chitradurga where almost 27%
of the total wastelands are located, the average productivities are 0.9, 0.9 and 1.0 Mg ha™ of
seeds respectively. Thus, enhancing the productivity of the wastelands of these three
districts may prove much more efficient than in other regions of South India. However, as
indicated by other researchers (Behera and others 2010, Achten and others 2008, Foidl and
Kashyan 1999) simultaneous reclamation of wastelands and high biofuel productivity on

wastelands without the use of fertilisers and irrigation may not be realistic.

Comparable to the allocation of biofuels, land availability has been reported to be the major
limitation for afforestation / reforestation projects, not just in India, but all over Asia (Zomer
and others 2008). The decision to utilise only wastelands for biofuel production in India, is
driven by the target of averting diversion of agricultural land to other production purposes i.e.
to avoid a competition for space with food crops. However, the actual availability of
wastelands, which is based on government records and statistics, is debatable. Wasteland
availability has always remained a concern for example in major afforestation projects in
India and should be a concern when establishing biofuel plantations in Karnataka and other

Indian states. Actual available wasteland areas may be far less than official estimates and
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thus biofuel production from marginal lands much lower than assumed. Encroachment of
wastelands by the poor for habitation is a well known fact in Karnataka and other states.
However, in the absence of clearly defined land rights, the poor may increasingly face the
risk of losing parcels of land they currently live on, as a result of expanded biofuel production
or other production targets. Degraded patches of forest land, for example, currently are (at
least partially) used by tribal forest dwellers who may oppose the idea of converting forests
into plantations (Balooni and Singh 2007). In consequence, the political and scientific
challenges are to develop production systems aiming at the integration of the interests of
local communities with biofuel production. This goal may be achieved e.g. by generating
employment opportunities, improving existing technologies (decorticators; oil extraction), as
well as approximating equity in benefit sharing from Jatropha production. Incidentally,
Jatropha plantations in India are very labour intensive, the tasks of picking the fruits and
washing and drying of seeds are generally performed by illiterate to semi-literate women and
children in rural areas (BAIF 2006). Apparently, the labour aspect makes Jatropha and
similar oil crops attractive for rural areas, increasing opportunities to generate income, but on
the other hand rendering the largely female and child worker population highly vulnerable to
reported toxic effects of Jatropha (Brittaine and Lutaladio 2010). We conclude that keeping
the uncertainties and potential limitations in mind, biofuels like Jatropha and others can
contribute to reduce GHG emissions and fossil fuel dependency and to improve rural

livelihoods, solve land availability issues and reduce potential land conflicts.

According to our study, a 1% - 7% allocation of agricultural land to biofuel production may be
needed to reach the targeted 500, 000 tons of oil, depending on the oil content of seeds and
extraction efficiency. Adapted Jatropha varieties or hybridization techniques may further
enhance the oil content of the seeds even beyond 40% or improve seed yields, thus
increasing the overall productivity (Punia 2007, Saikia and others 2009, Leduc and others
2009). It is noteworthy that the largest gain (> 40%; see Table 3) could be achieved by
improving local extraction technologies. However, small scale local farmers may not always
have access to industrial processes or technologies and thus be compelled to use locally
available ‘Ghanis’ for oil extraction. In the absence of efficient oil extraction facilities
transportation of seeds to the nearest factory for extraction, will cause additional costs
(Leduc and others 2009) and induce a negative effect on the financial viability of oil
production. Thus, a large fraction of the potential oil yield may remain unutilised. To
summarize, the potential competition between cropping areas for food /cash crop production
and land needed for biofuels can be minimized or even completely avoided by improving

Jatropha varieties and especially local oil extraction technologies.

We agree with Benge, who emphasised that “Strategies based on a single source of oil, such

as that from Jatropha, which produces an unsure yield of nuts only during a short period of
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time and eventually may not produce optimal yields for several years, are risky and
potentially unsustainable” (Benge 2006). In order to reduce risks as well as to optimise
financial gains from biofuel production, more than a single oilseed crop needs to be
considered. There are a range of other non-edible oilseeds as options for biofuel production,
the most pertinent being Pongamia pinnata. Pongamia or others would not only reduce the
dependence on a single species, but also reduce potential negative effects of monocultures.
However, it is important to consider the technical feasibility of such diversification. The steps
in the production chain of each type of oilseed may differ considerably between crops and
technical requirements may be higher, if required to support a range of different oilseeds. It
has been seen that Jatropha oil extraction methods can vary from traditional Ghani based
techniques (+: easy to use & maintain, no electricity required; -: low efficiency of 57%) to
modern oil expellers and solvent extractors (+: high efficiency of 100%; -: technical
infrastructure & electricity required, higher costs). If a variety of oilseeds are simultaneously
used to generate biofuels, the total potential of each of the oilseeds may not be reached as

post-harvest techniques are crop-specific in parts of the processing chain.

We conclude that Jatropha has a significant potential as a source for biofuel in South India.
Under optimal conditions, current political targets are matching the biophysical and technical
potential. However, under more realistic assumptions i.e. cultivation of mixed varieties and
use of locally available extraction technologies, much smaller than the targeted amounts can
be produced on wastelands. The remaining amount would require the conversion of 1% - 7%
of agricultural land, potentially causing land-use conflicts with food production. A second
source of land use conflicts may arise from wasteland areas officially considered as
available, but actually inhabited or used by someone. Given the scale of planned cultivation,
and the lack of experimental data, detailed spatially explicit estimates of potential yields are
important ingredients of any planning process at district, state or regional level. As reflected
in the results, oil content and efficiency of oil extraction are important factors when
comparing potential biodiesel production against national or sub-national targets. This study
provides insight into the potential of wastelands in terms of suitability for biofuel production,
but the potential of wastelands in terms of actual availability is a critical information gap that
needs to be bridged before biofuel strategies can contribute to secure future energy

demands and reduce GHG emissions in India.
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Supplementary Material

Below in Table 1 we present the parameters of the DAYCENT *“tree.100” file, in which the
tree-type plants are characterised. Carbon and Nitrogen allocation, maximum leave area
index (LAI) and the efficiency of photosynthesis (conversion of energy to biomass) were
adjusted in accordance to available literature. The wasteland allocation (= nutrient & water
limitation) required increasing the belowground carbon allocation. Maximum leaf area index
(LAI) was reduced, reflecting the open forest type structure of a mature Jatropha plantation.
Note that the MAXLAI parameter is a ‘semi-conceptual’ parameter and does not correspond
directly to values observable in forests or plantations. DayCent does not provide a ‘fruit’ or
‘seed’ compartment for tree-type plants and thus we followed the recommendation of one of
the DayCent developers (Dennis Ojima 2004; personal communication) to parameterise the
compartment ‘fine branch’ as fruits and adjust Carbon allocation accordingly (see Table 1

below) and N (C/N ~ 25 instead of ~50 for normal ‘non fruit’ fine branches).

Table 1 Jatropha parametrisation in DayCent

DayCent Parameter  Explanation

parameter Value

DECID 2 system is parameterized as drought deciduous

prdx (2) 0.5 coefficient, to calculate potential production as a function of solar
radiation

ppdf (1) 25 Optimum temperature for production for parameterization of a

Poisson Density Function curve to simulate temperature effect on
growth
ppdf (2) 45 Maximum temperature for production for parameterization of a

Poisson Density Function curve to simulate temperature effect on

growth
FCFRAC (1, 1) 0.15 C allocation fraction of new leaves
FCFRAC (2,1) 0.15 C allocation fraction of new fine roots
FCFRAC (3,1) 0.3 C allocation fraction of new fine branches
FCFRAC (4,1) 0.35 C allocation fraction of new large wood
FCFRAC (5,1) 0.05 C allocation fraction of new coarse roots
MAXLAI 5 Theoretical maximum LAl achieved in mature forest

Table 2 presents a list of reported yields with details of corresponding management practices
(wherever mentioned). Simulated plant biomass (not shown) and yields from this study (0.6 —
1.2 Mg ha ™) are within the range of reported yields from India (0.1 to 1.6 Mg ha ™) (Brittaine
and Lutaladio 2010).
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Table 2 Yields from different Jatropha cropping systems reported from India and other tropical
countries
Region / State Conditions $Seed yield Reference
reported
(Mg ha ™)
Reported studies from Indian trials
Bawal,Haryana Intercropping with Cowpea 0.2
(North India) Interrcropping with WaterMelon 0.2 (Punia 2009)
Kanpur ,Uttar Pradesh | Intercropping with Wheat 0.1
Allahabad, Uttar | Intercropping with Onions 1.6 (Punia 2009)
Pradesh (North India)
Hyderabad, Intercropping with Red Gram 0.6
Andhra Pradesh (Punia 2009)
(South India)
Ludhiana, Punjab Intercropping with Wheat/ Oats 0.6 (Punia 2009)
(North India)
Nashik, Maharashtra Seven years age <125 (Gokhale 2008)
(Western India)
RangaReddy . . . I
Watering+ intercropping + Fertilizing .
(AndhraPradesh) . ' 01 (Wani 2008)
+ Pruning, at five years age
(South India)
Coimbatore, At three years of age:
Thiruvannamalai (Tamil Rainfed conditions 0.45 (Ariza-
Nadu) (South India) .
Irrigated conditions 0.75 Montobio 2010)
Tiptur,Karnataka Fifth year, average fertility soils + | 0.3-0.5 (Daniel,
(South India) protective irrigation undated)
New Delhi Pruning+ irrigation+ intercropping 0.18 (Singh 2006)
Reported studies from International trials
South Africa Modelling estimates on marginal | <1.5 (Holl 2007)
lands (rainfall > 300mm)
China Barren land 1.7-2.2 (Weyerhaeuser
Normal soils 3.9-7.5 2007)
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Guatemala 800 mm rainfall 1.25 (Ouwens 2007)

Brazil 1% year, late planting 0.25 (Ouwens 2007)

Indonesia Good soil + high organic matter 4-5 (Ouwens 2007)
content

India 2" year ,high nutrient level 1.27 (Ouwens 2007)

Nicaragua 4™ year 45 (Ouwens 2007)

Mali - 3.5-5 (Ouwens 2007)

From this study, simulated yields present a strong correlation (0.81) with the age of the plant
as shown in Fgurel. As can be seen from the figure, Jatropha yields increase from the first
year of plantation up to the 8th year of growth. From the 8th year onwards up to the 15th
year, yields stabilise in a range of 0.8 - 1 Mg ha ™.Our simulations are in good agreement
with recent FAO reports (Brittaine and Lutaladio 2010) that Jatropha yields stabilise after the
7th year of growth to less than 1.25 Mg ha ™.
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Fig. 1 Jatropha growth curve for plants aged 1 - 15 years
Furthermore, we analysed the growth of simulated Jatropha for a selected year (year 8)
against mean annual rainfall [annual precipitation is obtained as DayCent output
(PRCANN)].Fig 2 shows the correlation (R* = 0.61) between rainfall and yields for a set of 40

simulated locations (=pixels).
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Fig. 2 Correlation between annual precipitation and simulated yields of Jatropha at the

8" year of growth
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6 Modelling regional scale biofuel scenarios- a cas e study for

India®

Abstract

Biofuel initiatives in India have gained momentum with the national biofuel policy targeting
20% blending of both petrol and diesel by 2017. Most of India’s biofuel plans revolve around
using sugarcane for bioethanol and Jatropha for biodiesel production. This study, taking the
southern Indian state of Karnataka as an example, aims at estimating the potential to
achieve policy targets. The study spatially analyses land use change due to biofuel
expansion and its effects on food production. We used an integrated modelling framework to
simulate land use change and bioenergy production under two scenarios- Industrial
Economy (IE) and Agricultural Economy (AE). Results indicate that meeting the 20%
blending target is a challenging goal to achieve under both scenarios. Bioethanol
requirements can be nearly fulfilled (88% under IE and 93% under AE) due to sugarcane
expansion. However, biodiesel demands cannot be fulfilled using only degraded lands as
currently planned in India, but additional agricultural land (3-4%) will be required for Jatropha
based biodiesel production. Food production will not be directly impacted until 2025, because

the largest source of additional land could be short and long-term fallows.

We conclude that conservation oriented initiatives such as water harvesting and energy
conservation measures can increase productivities of biofuel crops and reduce fuel demands
respectively. State support and CDM opportunities can enhance economic incentives for
energy cropping. Therefore a simultaneous and multi-pronged approach is needed to

accomodate food and fuel demands in India.

Keywords- Bioethanol, Biodiesel, Sugarcane, Jatropha, Integrated assessment, Karnataka

1. Introduction

Biofuels have gained much ground as an important component of the renewable energy
matrices at national scales. With many countries developing targets for biofuel production, an
increased focus has been generated on investigating direct and indirect long-term impacts of
biofuel production on natural resources such as land and water (Hoogwijk et al. 2005;
Fargione et al. 2008; Bryan et al. 2010; Delucchi et al. 2010). Quantitative scenarios are

used as a tool to investigate potential environmental changes and provide numerical results

®> Das S, Priess JA and Schweitzer C, Modelling regional scale biofuel scenarios-a case study for
India, Global Change Biology Bioenergy, submitted March 2011
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based on simulation models (Alcamo, 2008). Several authors have developed biofuel
scenarios at the global scale to address land use change as an impact of biofuel production.
Hoogwijk et al. 2005 , have studied the potential of biomass energy under different levels of
land productivity using IPCC scenarios as boundary conditions. The IMAGE model was used
to study biofuel production capacities at global scale and to assess feedbacks between
different ecosystems in the context of biofuel production up to 2050 (Fallot et al. 2006). In
another study, food-fuel tradeoffs have been analysed under three scenarios using the
IMPACT model (Msangi et al. 2007). Gurgel et al. 2008, used a multi-regional general
equilibrium model of the world economy to analyse biofuel scenarios, while the GLUE-11
model was employed to evaluate global bioenergy potential (Yanamoto et al. 2001). In recent
years, analysis of indirect impacts of land use change has been the focus of several studies
which aimed at looking beyond direct displacement of other land-uses and analysed carbon
debts and payback times (Tilman et al. 2006; Fargione et al. 2008; Havlik et al. 2010; Lapola
et al. 2010). These studies ranging from national to global scales used different approaches
to analyse the complex issues of direct and indirect land-use changes (dLUC and iLUC).
Dale (2009) has critically summarised the ongoing debate in an editorial stating that “current

ILUC analysis does not meet scientific standards”.

National or sub-national perspectives are difficult to address in the continental to global scale
studies introduced above, e.g. addressing questions like regional levels of productivity or
impacts on soil fertility, which are indicators requiring the processing and application of more
detailed data sources and a more process-oriented approach. Comparably, the role of
regional scenarios also differs from global scenario studies in terms of the foci, research
gquestions addressed and level of detail (Alcamo et al. 2008). A review of the recent regional
studies shows that they considerably differ with respect to energy crops used, land use
change drivers and productivity of the type of land evaluated. Commonly used methods
include spatially explicit modelling, literature based approaches or a combination of both.
Secchi et al.2010, have underlined the importance of spatially explicit approaches that allow
the identification of sub-regions of particular interest that are missed by global models. The
explicit identification of marginal lands is essential for biofuel potential estimation (Zhang et
al. 2010). This is especially relevant for India, since the national biofuel plans are highly
dependent on wastelands and their availability for biofuel production. Land suitability
assessment is a key factor in the overall bioenergy potential estimation, which can be
strengthened by including more factors than geographical constraints as demonstrated in a

regional study for Italy (Ragaglini et al. 2010).

Although the importance of developing countries in the context of land use change and
biofuels is higher than developed / OECD countries , the estimation of bioenergy potentials in

these regions is frequently challenged by unclear political targets and constraints in data
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availability (Thran et al. 2010). India, as a rapidly growing economy, is faced with the
challenge of simultaneous fulfilment of strongly increasing food and fuel demands (Ugarte et
al.2007; Das et al. 2010). Land - under intense pressure of supporting several requirements
of the growing population ranging from housing, food, feed to energy plays a decisive role as
a critical limiting factor. Efforts to take care of rising GHG emissions aggravate the challenge
of developing more sustainable future (bio-) energy pathways. Consequently, the interaction
of the energy and agricultural sectors need to be addressed in biofuel studies (Klgverpris et
al. 2008). Although in India several aspects of biofuel policies and production have been
studied, a review of published literature reveals that only few studies have addressed the
linkage of biofuels and food production at national or sub-national scales (Das and Priess,
2011). Based upon different sets of assumptions these studies largely differ in their
conclusions with respect to impacts on food production. Schaldach et al. 2010 have analysed
the impacts of sugarcane based bioethanol development on land use change in India, using
a spatially explicit simulation model. The study revealed that if food and bioethanol demands
(up to 20% blending) are to be fulfilled; cropping areas would expand into areas covered by
non-forest natural vegetation and degraded or wastelands. In another study, land
requirements for bioethanol (from sugarcane) and biodiesel (from Jatropha) for India were
simulated using a spatially explicit approach (Lapola et al. 2010). Results indicated that total
land requirement for biodiesel would be 212,000 km2 which is equal to 13% of cultivated land
considering a mean yield of 3.77 Mghaof Jatropha. However, the study did not consider the
opportunities of wasteland cultivation in India which provide 556,000 km? of land (NRSA and
DOLR, 2005), half of which would be sufficient to fulfil land demands for biodiesel if
simulated mean yields are achieved thereby dismissing the need to divert arable land. For
bioethanol estimations, the study accounted for two important pathways of ethanol
production— the existing molasses and future bagasse routes, but assumed 100% ethanol
use for the transport sector. However, in India ethanol has multiple end-users such as
chemical, beverage and dye industries which leave only surplus ethanol for the transport
sector. Contrastingly, Ravindranath et al. (2010) who have studied biofuel potentials of four
crops (Jatropha, Palm Oil, Sugarcane and Sweet Sorghum), mainly based on existing
literature, conclude that competition for land between food and fuel production is highly
unlikely, mainly because biofuel production is restricted only to degraded land by policy.
Further, without additional land, Jatropha based biodiesel demands are projected to be
fulfilled by 21%- 57% on degraded lands under “low” and “high” scenarios of demand. The
study assumes “low” (0.5 Mgha™), “realistic” (1.5 Mgha™") and “optimistic” (3 Mgha™) Jatropha
biodiesel yields, which translate into 1.5 Mgha™, 4.7 Mgha™ and 11.5 Mgha™ of Jatropha
seed yield respectively (assuming 40% oil content+80% extraction efficiency+ 99% trans-

esterification efficiency). If seed yields of Jatropha are lower than those assumed in the
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study, the proportion of biodiesel demand that can be fulfiled would be reduced further.
Thus, large variations in the results of the existing studies indicate the importance of
underlying assumptions of pathways of bioenergy production, land classification systems and

expected yields from different feedstocks.

This study aims to complement existing studies by covering additional aspects and improving
details such as making a clear distinction between bioenergy potential on degraded lands
vis-a-vis productive agricultural land, and accounting for critical losses in the production
chains of ethanol and biodiesel. Additionally, we include an assessment of the sectoral use
of ethanol to improve estimations for the transport sector and also improve land suitability
assessment by using biophysical and economic factors and constraints. We examine total
biofuel and food production as well as impacts on food security through land use change in
two policy scenarios. The role of institutionalised markets and potential economic returns

from energy crop cultivation are also addressed.

We applied a spatially explicit land-use model to simulate the land use dynamics of two
policy scenarios, using the state of Karnataka in southern India as a case study. The main
aims of this study are (i) application of cellular automata based land-use model to address
food vs. fuel competition (ii) quantification of biofuel scenarios to assess potential pathways
of change with a focus on land demands to meet food and energy requirements, and, (iii)
analysis of current biofuel policy targets. The approximately 200,000 kmz in this case study,
are indicative of the entire South Indian region given the socio-economic and environmental
similarities. Therefore the methods and concepts used in this study are well suited to address
similar research questions in other states or regions in India or elsewhere. Analyses
presented in this article cover total biofuel production potential, impacts on land use and food
commodities and biofuel related co-benefits such as revenue generation. We conclude with

future options for the Indian biofuel strategy.

2. Study Area

The study was conducted in the densely populated state of Karnataka in southern India
(192,000 kmz; population 53 million (2001). The major physiographic regions of the state are
the Deccan plateau which forms part of the peninsular plateau of India extending southwards
and the coastal plain region on the western boundary of the state, popularly known as the
Western Ghats. The region receives rainfall in two seasons - during June — September an
October - December. The average annual rainfall is 1189mm with large variations ranging
from 300 mm year™ to 2500 mm year™ across the state. The soils of the area can be broadly
classified into red and black soils with loamy and sandy textures. Karnataka is predominantly
an agricultural economy with almost 60% of the working population employed in this sector.

Agriculture is characterised by a diverse cropping system that is highly dependent on rainfall.
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Over recent decades the economy of the state has seen high growth rates under the
influence of a favourable services sector, mainly in Information technology. With rising
population and economic capacity, transport sector in the state has grown, especially in the
bigger cities like the state capital, Bangalore. Escalating fuel demand has evolved into a
search for alternative transport fuels such as biofuels. The state has taken several initiatives
towards biofuel production. A state biofuel policy has been drafted under which a biofuel
board has been established to perform advisory capacities for enhancing biofuel production
(Karnataka Biofuel Policy, 2007). Examples of end users of biofuel include the Karnataka
State Road Transport Corporation (KSRTC) and the Southern Railways section of the Indian
Railways that run a fraction of their fleet of buses and trains on biofuels respectively (KSRTC
2010; Whitaker and Heath (2008)). “Biofuel Parks” have been set up that support the
institutionalisation of biofuel markets and production technologies. State universities such as
the University of Agricultural Sciences, Bangalore, have enhanced their research focus on
agricultural extension for biofuels and developing business models to help farmers market
non-edible oilseed produce. State NGOs (eg., BAIF) have undertaken projects involving
biofuel plantation through participatory mechanisms (BAIF, 2006) . The need to pursue
“aggressive scientific assessments” in several aspects of biofuel production ranging from
production, agronomy, wasteland reclamation, industrial processing and second generation
biofuels has been expressed by several scientists. Special emphasis has been laid on finding
optimal pathways of production of biofuels without compromising food security (Biofuel Task
Force, 2010).

3. Methods

The study employed the integrated modelling framework- SITE (Simulation of Terrestrial
Environments), which is specifically designed for regional scale land use modelling (Mimler
and Priess, 2008; Schweitzer et al. 2011). The SITE framework provides a platform to
develop regional land-use models. SITE-Karnataka applies generic functions of the SITE
framework, namely, multi-criteria suitability analysis of land use classes, cellular automata
based land use allocation driven by commodity specific production/ demands (food and
energy), simulation of crop growth (commodity production) by the DayCent model (Parton et
al.1998) and inclusion of annual feedbacks into consecutive time steps. Rule sets were
developed for SITE Karnataka that govern the processes of land use change in the area and
simulate the effects of the introduction of energy crops on food crop production. The spatial

resolution of the study was 2 x 2 km.
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3.1 Land use classification

Simulation with SITE-Karnataka required an initial land use map corresponding to a historical
period in time. Since such a map was not readily available at the level of detailed
classification required for achieving the objective of simulating food-fuel issues, there was a

need to construct the same. This was achieved by a sequence of steps given below-
(1) development of a suitable land use classification system
(i) allocation of area to each land use class
(iii) allocation of crops to agricultural areas

The development of the land classification system was based on a combination of land
classes traditionally used in the context of land use modelling, availability of time series of
statistical data for these classes and regionally significant classes w.r.t the research question
of food-fuel which adequately represented major sources of pressure on land. After studying
all these aspects, three hierarchical tiers of land use classes were employed to arrive at the

final classification (Tier IIl) (Table 1).

Table 1 Evolution of land use classification for Karnataka

Tier | (5 classes) Tier Il classification (8 classes) Tier Il (14 classes)
(Basic classes) (Regional details) (Details for food - fuel research question)
Cropland Cropland Rice, Maize, Millets, Pulses, Oilseeds,

Cotton, Sugarcane

Fallow Fallow Fallow
Population Urban Urban
Rural Rural
Forest Forest Forest
Plantation Plantation
Water Water Water
Other Other Wasteland

Note: Millets = Finger millet + Pearl millet + Sorghum + Minor millets
Pulses = Pigeon pea + Green gram + Lentils + Horse gram + Black gram
Oilseeds = Sunflower + Groundnut + Safflower + Castor + Niger + Linseed + Sesamum + Rapeseed

* Crops were selected and grouped based on contribution to overall food production and agricultural area covered
from a total of 56 crops growing in the state; Jatropha was used as a land use class in the study but did not cover
any area in the initial map
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IGBP (1992) (Loveland et al. 2000) was used as a base map for the Tier | classification.
Spatial database on land use land cover from Indian sources (NRSA 2004a) was used to
improve Tier | classification by incorporating “Plantation” and refining other classes. For the
distribution of urban and rural areas, administrative boundaries (up to village level) were
used in combination with available demographic statistics. In the third stage, Tier Il
classification involved incorporation of wastelands and crop distribution. Wastelands were
allocated by using the wasteland map (NRSA 2004b), since available statistics (NRSA and
DOLR 2005; NRSA and DOLR 2010) indicated no significant change (less than 1 %) in the
area under wastelands for the period 1986 to 2004, the wasteland area of 2004 (10,452 km?)
was also used for subsequent years. Spatial distribution of crops was the last step in arriving
at the 14 class system. This was achieved in two steps- (a) simulating potential productivities
for all croplands and all seven crops/crop types in the region and (b) distribution of the crops
at the district level by using district area statistics and assignment of crops based on
productivity ranking. The seven crops of Tier Ill were parameterized for Karnataka by using
an adapted version of DayCent (Stehfest et al.2007) implemented in SITE for crop growth
simulation. Figure 1(a) and 1(b) show the comparison between observed and simulated
yields of food crops; 1 (c) for sugarcane and 1(d) for Jatropha. Detailed information of the

parameterization of all crops is presented in the Supplement (Section I).
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Figure 1(a-d)

3.2

Land use model - SITE Karnataka

Comparison between observed and simulated yields of major crops in Karnataka

The SITE Karnataka model has been developed as a tool to simulate biofuel and other crops

competing for land resources using the SITE platform (Mimler and Priess 2008; Schweitzer

et al. 2011) at a spatial resolution of 2 x 2 km. The model simulates land-use decisions in

annual time-steps, using three main sub-modules for the allocation of the major land-use

classes — settlements, crops and forests. Separate sub-modules handle model initialization,

configuration and suitability assessment (see Mimler and Priess 2008 and Schweitzer et al.

2011 for further details). The DayCent model is used to calculate crop yields (Section 3.1)

and the growth of natural vegetation. Simulations address important feedbacks between land

use decisions and environmental changes such as crop-yields and soil properties that are

taken into account in subsequent decisions. Figure 2 shows the structure of the model
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components and their interactions. In the following sub-sections the major components are

described.
Drivers jof land uge change  Feedback on driving forces
w
Land use Model Biophysical Model
) MCA based Hierarchia_l DayCent for plant
suitability assessment land allocation growth simulation
Biophysical
1.Soil 1. Settlement 1.Food crops
2.Climate
3.Topography 2.Food & Energy 2.Energy
»| [from cropland + » | [sugarcane &Jatropha]
i degraded lands]
Economic 3. Forest
1.Profit margins (from 3. Timber and Fuelwood
price, cost and crop [from Forests]
yield)
T Feedback on land use decisions
Land use change maps, |Biofuel production, Economic returns

— =

Figure 2 Structural components of the SITE-Karnataka model

Suitability assessment sub-module in SITE-Karnataka - A multi criteria assessment algorithm
(Equation 1) calculates suitability maps for all land use classes represented in the model.
Suitability is based on (a) biophysical and (b) economic criteria and constraints. Crop
suitability is characterised by crop-specific ranges of biophysical parameters (Supplement

Section ).

m n 0 p
S :(WB;ﬁi Sei + WE;‘E}SEM j EIJ_J Caju D Ceju

suitability constraints

withwe+we =1; > 3 =1 3 & =1; Sy, Seir+ Caj » Ce D[Q 1]
i=1 i=1

Equation 1 MCA based suitability assessement (The calculation of the overall suitability value s, for
each grid cell k and land-use type | consists of two terms. In first part (suitability) the mean value of the
partial suitabilities sg; for biophysical and sg; for socio-economic criteria are weighted using the

partial weights ,Bi /& , where m/n represent the total number of criteria included (Schweitzer et al.
2011).
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The SITE framework enables the calculation of distances between grid cells, a function
which is used in SITE Karnataka to incorporate distance based suitabilities, eg., suitability for
growing paddy rice as a function of distance to water bodies, assuming the availability of
irrigation water. Economic suitability for growing crop X is addressed by simulating the
representation of agricultural markets (locations), crop prices and cost of cultivation. As in the
rest of India, South India also has a strong government supported network of agricultural
markets that facilitate farmers to sell their produce directly without the involvement of middle
men (CSO 2010; Prasad and Prasad 1995). Most markets buy more than one type of
produce. The existence, access and prices offered by these markets are parameters strongly
influencing crop allocation both in reality and in the simulations. In this study, 204 agricultural
markets were used (see Supplement Section Il). Accessibility of markets was simulated
using distance functions available in SITE. Net profit margins for each crop were calculated
from time series data of cost of cultivation (Ministry of Agriculture 2007) and farm harvest
prices (FHP) (DACNET 2010).Transport costs to the markets were included by representing
a cost surface that determines the total cost of travel per grid cell (to a certain marketplace).
Similarly, suitability for the new biodiesel crop Jatropha is based on biophysical parameters
and economic criteria, additionally implementing criteria for growth on wastelands. Protected
areas, such as parts of the forests of the Western Ghats were excluded from land use (e.g.
timber extraction). The different sources of spatial data used and additional details are listed

in the Supplement, Section .

Land allocation — Settlement sub-module- As in most other parts of the world, in South India
the allocation of land for settlements has the highest priority and hence is allocated first in the
model. Census records (Census of India 1991, 2001) are used to allocate rural and urban
population at the district level. Urban / rural growth in the model is simulated by distributing
additional people to grid cells based on the suitability of the locations, based on typical
population densities (rural = 275 persons/km? ; urban =2985 persons/km? megacity of
Bangalore = 19435 persons/km? ) (Planning and Statistics Department 2005; Ministry of
Water Resources 2008). If additional urban or rural space is needed, croplands and forests

can convert to urban or rural pixels.

Land allocation — Crop sub-module- Crops are second in priority in the model with no
additional priorities assigned to food or energy crops. Change in cropping patterns and
therefore, the allocation of land for each crop is driven by commodity demands. District level
production statistics (DES 2007) for each crop represent the demands fulfilled by local
producers during the historical period from 1992-2004 while projected food requirements
represent the demand in the scenario period (2005-2025). Demand fulfilment is achieved,
starting with the crop type that has the largest difference between current production and

demand. Allocation is based on crop-specific suitability results from suitability maps
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(suitability >0) using “candidate cells”. If productions for crop X in a year is lower than the
demand, additional suitable cells (from all land use classes that are allowed to change to X)
are used whereas if production is higher than the demand, cells are removed from class X
and used for other crops or changed to fallow. The transition of a cell depends on several
decision criteria that are evaluated consecutively for crop allocation. Allocation of fallow land
is done by bringing back a fallow cell into production after one year of no cropping. Double

cropping is considered upto the period 2004 after which it remains constant.

Land allocation-Forest sub-module- The main focus of the forest sub-module of the SITE
Karnataka is similar to that of the other two sub-modules, i.e. to adequately represent forest
growth, and analyse if demands for forest products can be met. These demands include
roundwood, plywood, timber and fuelwood. Keeping in view the basic principles of forest
management in Karnataka (and India) - meeting the needs of local population through
sustainable management and development of forests, discontinuation of “clear felling and
planting” and restricting fuelwood production to dead/fallen timbers and industrial hardwood
to forest plantations (Karnataka Forest Department 2008), the demand is fulfilled in the
model by using 10% of the above ground biomass simulated by DayCent. Suitable forest
cells (from suitability assessment) which fulfil wood demand are “flagged” in the model,
rendering it unsuitable for extraction in the following year. Demands for forest products are
fulfilled in non-protected forests assuming perfect law enforcement in the protected areas of
the Western Ghats. Such non-protected forest pixels may also convert to urban or rural

settlements to accommodate population growth.

The entire suite of plausible land conversions are listed in the form of a two-dimensional
conversion matrix (see Supplement, Table 5) that allows or prohibits changes from one land
use class to another. In total, SITE-Karnataka represents three static land use classes that
do not change in extent or type (water, plantation and wastelands), and twelve dynamic

classes that are allowed to change to at least one other class.

3.3 Model calibration and validation

The time period 1992-2004 was used for model calibration. No biofuel crops were grown
during this time period. The model run was started in 1992 based on the initial land-use map
and other spatial datasets needed to drive the model (soil, elevation, weather, population
etc.) (Section 3.1). Land-use change was simulated until 2004 and calibrated against a
reference map of 2004. Calibration of important variables was performed based on model
assumptions formulated via empirical evidence (see Supplement Section Il for details of
assumptions and values used in the model). The SITE framework offers several map
comparison methods to test model performance. The two map comparison methods
employed in this study were the Kappa statistics (to evaluate overall general agreement of
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land-use types between paired observations of simulated and reference pixels) and the
Moving window approach (to assess the spatial location and land use structure). Table 2
shows the contingency matrix of the standard Kappa for land use class “urban” as an
example (Kappa = 75%, “very good”). The overall Kappa was 0.43 or 43% which indicates
“fair” agreement (Monserud and Leemans, 1992). Table 3 shows the results of the calibration
based on the Moving Window (Costanza, 1989) approach for three window sizes 5, 15 and
20 pixels that correspond to areas of 100 km? 900 km? 1600 km? The overall value
indicates 60% agreement with the reference map (with non-aggregated land use classes),

based on a window size of 5 pixels (Table 3).

Table 2 Kappa contingency matrix for the land use class “Urban”

Map 1
Urban All others Sum
Urban 0.0210 0.0068 0.0278
Map 2
All others 0.0064 0.9658 0.9722
Sum 0.0274 0.9726 0.9868
Urban 0.7539

Overall Kappa value = 0.42

Kappa = (3fo- 3fe) / N - 3 fe

where f, = sum of observed frequencies in the diagonal (shown in the table)
fe = sum of expected frequencies in the diagonal

N = Number of cells

Table 3 Map comparison based on the moving window approach

Moving Window Window size =5 Window size = 15 wind ow size =20
Overall 0.60 0.67 0.69
Cropland 0.97 0.98 0.98
Fallow 0.98 0.99 0.99
Urban 0.99 0.99 0.99
Rural 0.97 0.97 0.97
Forests 1.0 1.0 1.0

Note: “Overall” refers to map comparison result using disaggregated classes
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Figure 3 and Table 4 show the spatial and statistical comparison between simulated and

reference maps of land use classes in Karnataka.

Table 4 Comparison of simulated and reference land use areas for the year 2004
Land use class Reference Simulated Difference from
(kmz) (kmz) Reference (%)
Total cropland 114,992 114,088 -0.8
Fallow land 16,160 14,680 -9.2
Urban settlement 5,256 5,324 1.3
Rural settlement 2,572 2,936 +14.2
Forest 31,108 31,232 +0.4

Note: Static land use classes “Water”, Wasteland” and “Plantation” are not shown here
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Figure 3 (a-c) Land use maps of Karnataka: 3 (a) 1992 land use; 3(b) 2004 reference land
use; 3 (c) 2004 simulated land use
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We partly validated the model by the Relative Operating Characteristic (ROC) method
(Pontius et al. 2001) which aimed at estimating the extent of agreement between suitability
assessment and actual allocation of land use classes. ROC is a useful model validation
method for assessment of multi-criteria based suitability driven land use modeling. At each
time step in the simulation, suitability maps for all classes are used that drive the land use
allocation (Section 3.2). Therefore simulation of land use change is highly dependent on the
accuracy of suitability maps. ROC is illustrated in the form of a graph, with the rate of
percentage of true positives (grid cell changed both in reality and simulation) on Y axis and
false positives (grid cell changed in the model but not in reality) on X axis, and the area
under the curve indicating the agreement between simulated suitabilities and actual land
allocation. The resultant ROC value for the class millets which that covers maximum area
was 78.4% (Figure 4). ROC values for other classes are 75.05% (Rice), 84.84% (Maize),
96.3% (Pulses), 92.2% (Oilseeds), 95.2% (Cotton), 88.5% (Sugarcane) and 94.4% (Urban).
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Note: Y axis indicates true positives, X axis indicates false positives and area under the curve indicates
percentage of agreement (for details please refer to Section 3.3)

Figure 4 ROC analysis for the land-use type"millets”
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3.4 Policy Scenarios

Two sets of scenarios were quantified for the time period 2005-2025 using 2004 as the base
year (year after which scenario assumptions diverge). We explored future pathways of land
use change in the form of - “Industrial Economy (IE)” encompassing higher economic and
technological growth rates with higher population due to improvements in the health-sector
and “Agricultural Economy (AE)” assuming the strengthening of the agricultural sector and
less emphasis on technological progress up to 2025. Scenario storylines cover parameters of
economic and population growth, food demands, bioethanol and biodiesel demands, costs of
production and producer prices of agricultural commodities. In both scenarios it is assumed
that the political targets of 20% mix of bioethanol and 20% biodiesel are met from 2017
onwards. The scenarios were based on existing scenarios of per capita food demand (Mittal
et al., 2008), population (Census of India, 2006) and fuel demand (Ministry of Petroleum and
Natural Gas, 2006).

Storyline Scenario Industrial Economy (IE) - This scenario assumes that the GSDP (Gross
State Domestic Product) would grow at a rate of 9% p.a. Growth would be dominated by
industrial output, mainly from the manufacturing and services sectors. Agriculture would play
a relatively smaller role in the GSDP with its growth rate being 3.5% p.a. Karnataka has
already achieved the national population growth rate target of 2.1% TFR (Total Fertility
Rate). Hence it is assumed that under this scenario population would continue to grow at the
same TFR. Control of fatal diseases such as AIDS which contribute substantially to total
mortality would be more successful than currently. We therefore apply a “Without AIDS”
concept to IE. Food commodities will see an increase in demands. Due to higher income
levels and increased urbanisation, demands for some commaodities would grow faster than
others (e.g. maize demands would grow by 6 % p.a. due to higher demand for poultry
production, which mainly depends on maize as feed). IE assumes a 10% annual growth rate
of the poultry industry. Similarly, in an industrialized and high economic growth future, export
of the main cash crop of the state, cotton, would rise significantly by 20% from 2004 levels. In
the transport sector, gasoline (petrol) and HSD (High Speed Diesel) demand would rise to
1.55 million tons and 5.43 million tons respectively. Bioethanol and biodiesel demands were
calculated accordingly to achieve the 20% blending target of the Indian biofuel policy by
2017. Technological improvements would be faster in the IE scenario than the AE scenario.
Hence it is assumed that technical improvements in various stages of alternative energy
production would be achieved. In the case of biodiesel, oil content of 40% and an extraction
efficiency of 81% would be achieved by 2025. Transesterification losses would be reduced to
1% by 2025. Cost of production of agricultural commodities, as well as that of Jatropha

based biodiesel would increase due to higher economic growth coupled with higher inflation
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rates. Prices earned by growers would also see a rise in the future (details are provided in

the Supplement Section III).

Storyline Scenario Agricultural Economy (AE) - It is assumed that the GSDP grows by 8%
p.a. until 2025 in the AE scenario with a greater emphasis on the agricultural sector, growing
4% annually. Population grows with the same TFR as in IE but the awareness level of fatal
diseases (including AIDS) is low and hence total population is less than in the IE scenario.
Agricultural production is enhanced and per capita staple food demand (eg., millets, pulses,
oilseeds) is lower than in IE due to lower purchasing power. Due to lower rates of inflation,
total cost of production and revenues earned are assumed to be lower than IE. The scenario
assumes increased dependence on the agricultural sector and fulfilment of commodity
demands through regional production. Export levels are lower than the IE scenario (e.g. 10%
growth for cotton exports is assumed until 2025 from 2004 figures). The transport sector shall
expand at a lower rate than the IE scenario, hence the requirements for alternative fuels will
be lower. Gasoline and HSD use are expected to grow to 1.29 million tons and 4.88 million
tons respectively in 2025. However, due to slower technical improvements, interim processes
of biodiesel manufacturing and biotechnological improvements are expected to be less
successful than the IE scenario. Hence 35% oil content of Jatropha would be reached by

2025, and extraction efficiency would be able to grow up to 68% by 2025.

Five “market places” for Jatropha based biodiesel (at the locations- Doddabati, Tiptur,
Bangalore, Mangalore and Mysore) were used in both scenarios; these locations are sites of
biodiesel plants currently in operation or established purchase centers (K1 Jatropha Oils,
Government Purchase centers and Labland Biodiesel Pvt Ltd.). Both scenarios assume
equal demands for forest products, continuing the trend of steadily declining demands on the
forest sector and reflecting that forest conversion is prevented by legislation. Thus, in this

study no conversion of forests to agricultural land (or for energy production) is possible.

Table 5 provides a summary of the key assumptions used in the two scenarios. Figure 5(a)
and 5(b) depict the bioethanol and biodiesel demand up to 2025 in both scenarios based on
the 20% blending target to be achieved in 2017. Details of the methods of quantification of
the various components for both scenarios used in the model are given in the Supplement
(Section IlI).
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Table 5 Quantification of commodity demands in scenarios IE and AE in 2025
) Total demand Total demand % Difference )
Commodity ) ) Unit
Scenario |IE Scenario AE (IE and AE)
Foodgrain demand 17,450,377 16,669,709 5% Million tons
Oilseeds demand 4,331,154 3,865,708 11% Million tons
Maize 4,801,691 4,335,009 10% Million tons
Sugarcane demand 32,631,706 26,830,793 18% Million tons
Bioethanol demand 0.32 0.27 16% Million tons
Biodiesel demand 1.12 1.0 11% Million tons
Population 66,541,000 65,742,508 2% Million
Projected demands of ethanol in Karnataka
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Projected biodiesel demand in Karnataka
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Figure 5 Scenario demand of bioethanol 5(a) and biodiesel 5(b) in Karnataka

4. Results

Simulations for the two scenarios IE and AE were run until 2025. Figures 6 (a-c) show the

results of the simulations and Table 6 shows the area under different land use classes for

Scenario |IE and Scenario AE.
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Figure 6 Land use in Karnataka in 2004 6(a) and 2025. Scenarios IE 6(b) and AE 6(c) showing
bioethanol production (sugarcane) and biodiesel production (jatropha) on wastelands and agricultural
land
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Figure 6(b) IE Scenario 2025
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Figure 6(c) Scenario AE 2025
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Table 6 Land use areas in scenarios |IE and AE
Land use class 2004 2025 IE 2025 AE Difference
(km2) Scenario (km?) Scenario (km?) between IE and
AE (%)
Net Area Sown 114,088 118,678 (+4%) 119,700 (+5%) -0.9%
Area sown more than once 25,170 25,170 25,170 0
Gross cropped area 139,258 143,848(+3.3%) 144,870 (+ 4%) -0.71%
Fallow 14,680 1,976 (-87%) 952 (-94%) +52%
Urban 5,324 7,556 (+42%) 7,528 (+41%) +1%
Rural 2,936 3,128 (+7%) 3,080 (+5%) +2%
Jatropha 0 5,920 5,992 +1
Sugarcane 3,964 7,652(+93%) 7,324 (+84%) +4.2%
Maize 10,744 18,112 (+69%) 16,012(+50%) +12%
Total reported area 191,612 191,612 191,612
Note- Figures in parentheses show the percentage difference from 2004
Table 7 Land use change between 2004 and 2025 in scenarios IE and AE
To Cropland Fallow Urban Rural Jatropha
From IE AE IE AE IE AE IE AE IE AE
0.92 0.44 1.2 1.17 0.16 0.13 3.6 3.72
Cropland | O 0
(1280) | (616) (1668) | (1636) | (220) (184) (5012) | (5180)
87 90 2 2.04 0.05 0.03 6.21 5.53
Fallow 0 0
(12768) | (13228) (296) (300) ) 4) (912) (812)
2.3 2.59
Rural 0 0 0 0 0 0 0 0
(68) (76)
0.64 0.63 0.08 0.08
Forests 0 0 0 0 0 0
(200) (196) (24) (24)

Note: Numbers indicate % change between 2004 and 2025; numbers in parentheses represent area in km?

IE - Scenario Industrial Economy and AE- Scenario Agricultural Economy
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It can be observed from Figure 6 that fallow land decreases considerably under both
scenario assumptions, converting to cultivated area and Jatropha. However, in AE scenario,
the decrease in fallow is more pronounced (95%) by 2025 as against in the IE scenario
(93%). Net sown area increases in both scenarios to cover additional food demands. Area
under urban occupation increases by 42% in Scenario IE and 41% in Scenario AE. Growth in
rural areas however is slower compared to urban areas with a net growth of 6.5% (Scenario
IE) and 4% (Scenario AE). Forest area in Karnataka decreases slightly by less than 1% in
both scenarios. Table 7 shows the important conversions between various land use classes.
The most notable changes occur in the area of fallow land available. Food demands are
covered but some differences amongst crop types are visible, most prominent being that of
maize. Under Scenario IE assumptions, maize expands by almost 70% (from 2004) as
against 50% expansion under Scenario AE. Due to increased demand of food and fuel,
fallow land is converted to cropland including the bioenergy crop Jatropha. When demands
for Jatropha seeds grow beyond the amounts which can be produced on wastelands, the
energy crop spreads like other crops to available fallow land and agricultural land. A sharp
reduction in fallow areas is observed under both scenarios, with up to 90% of former fallows
being used to produce food crops and up to 6% to produce Jatropha. The fractions of
cropland diverted to Jatropha under scenarios IE and AE are 3.6% and 3.7% and that of
fallow land is 6.2% and 5.5 %. If fallow land is treated as “cropland”, the net conversion to
Jatropha is 3.8% and 4 % under Scenarios IE and AE respectively. Jatropha cultivation is
concentrated in the central districts (Davangere, Chitradurga) whereas limited parts of the
southern (Tumkur, Chamrajnagar and Kolar) and northern districts (Gulbarga) are diverted to

energy production.

Biofuel targets of the state are 20% blending for both bioethanol and biodiesel. Our
simulations indicate that bioethanol targets cannot be fulfilled completely under either
scenario. Ethanol production in India is from the molasses route. During distillation, 4%
molasses per ton of sugarcane is produced, 25% of which equals ethanol after fermentation
(Ghosh and Ghose 2003; Kumar and Maithel 2006). In India, the primary consumers of
ethanol are the chemical and beverage industries. The average fraction of ethanol available
for the transport sector is about 40%. Area under sugarcane increased by 42% and 37% by
2017 in Scenario IE and Scenario AE respectively. Continuing existing trends, the largest
sugarcane expansion is observed in the north-western districts of Belgaum and Bagalkote.
Total ethanol production for the transport sector is 0.18 million tons (Scenario IE) and 0.17

(Scenario AE) million tons respectively, fulfilling 88% and 93% of the demands by 2017.

The total biodiesel production calculated in this study is based on Jatropha production on
wastelands and additional Jatropha production on agricultural land which occurred if

biodiesel demand could not be fulfilled by growing it on wastelands alone. In both scenarios,
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land conversion from agricultural land (including fallow) to Jatropha seems to be inevitable
under the plausible conditions assumed therein. In Scenario IE, the total production of
biodiesel is 0.79 million tons in 2017. This is almost equal to the demand of 0.8 million tons.
The total production from wastelands was 0.21 million tons (26%) while production on
agricultural land was 0.58 million tons (74%). Under Scenario AE conditions, the total
demand of 0.76 million tons is met by 2017, with wasteland production contributing 29%
(0.21 million tons) and agricultural land contributing 71% (0.5 million tons). Land conversion
due to Jatropha based energy production is only marginally higher under Scenario AE (4%)
than Scenario IE (3.89%).

An economic analysis of bioenergy crops showed large differences in sugarcane and
Jatropha production systems. While sugarcane consistently remains the most profitable crop
in Karnataka with net margins of reaching 122,500 INR ha® by 2025, Jatropha perfoms
poorly with respect to economic benefits to farmers. Figure 7 and Table 8 show the average
estimates of profits and yields until 2025 on agricultural land. Our results indicate that when
Jatropha is planted in 2005, the first positive net returns are achieved in 2010, i.e. the first
four years of cultivation incur losses due to the very high establishment costs and low yields
during the initial years. We used a simple approach of cash-flow analysis by calculating the
Internal Rate of Return (since there is a large initial investment involved) for different time
periods for jatropha cultivation to assess the economic feasibility of the crop. Results suggest
that although, after the fifth year, net returns are positive, IRR even after ten years is -1% in
Scenario |IE and -3% in Scenario AE. By the end of the 20" year of the plantation IRR rises
up to 9% (Scenario IE) and 14% (Scenario AE). Hence, Jatropha cultivation under the
assumed cost and price structures is limited in its capacity to provide adequate returns to

farmers on initial investment and subsequent re-investment of interests earned from profits.
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Table 8

Net returns from sugarcane and Jatropha in Scenario |IE and Scenario AE

Scenario |IE

Scenario AE

Year (years of

Net returns

Net returns

Net returns Net returns

plantation of Sugarcane Jatropha Sugarcane Jatropha
Jatropha) (INR/ha) (INR/ha) (INR/ha) (INR/ha)
2010 (5) 24,082 1,289 24,814 1,232
2015 (10) 49,029 12,431 38,014 7,092
2020 (15) 76,102 12,980 57,862 12,083
2025 (20) 122,711 16,696 75,712 13,922

Price of Jatropha seed: 8.25 INR / kg; IRR at 10 years of plantation:

Industrial Economy and AE- Scenario Agricultural Economy

9%; Inflation rate: 14% per yearlE - Scenario
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Figure 7

Economic evaluation of net returns from Jatropha cultivation
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5. Discussion

This study reveals that the two most important drivers of future land use change in south
India are increasing population and fuel demand of the transport sector. Moreover, despite
changes in cropping pattern, current targets of 20% blending of gasoline (with ethanol)
cannot be met whereas that of diesel (with non-edible oil) can be almost be achieved by
2017. Questions have been frequently raised about the viability of accomplishing the current
political biofuel targets which have been often termed “over-ambitious” (Biswas et al. 2010;
Das and Priess 2011). It is interesting to note that current policies aim at fulfilling demands of
biodiesel by using production (mainly from Jatropha) on degraded land under rainfed and
unfertilized conditions (Ministry of New and Renewable Energy 2009). However, our study is
a strong indication that the 20% blending mandate is based on an overestimated potential

productivity of Jatropha, especially on wastelands.

Assuming 100% availability, degraded lands or wastelands can contribute around one
quarter to fulfii demands, whereas the rest has to be cultivated on agricultural land.
Simulated results of Jatropha production indicate low yields on wastelands (0.85 Mgha™) and
comparatively higher yields on agricultural land (2.2 Mghaafter six years of planting). Our
results, which take nutrient and water limitations into account, confirm studies based on field
measurements and farmers’ perceptions (Ariza-Montobbio and Lele 2010; Shinoj et al. 2010;
Brittaine and Lutadalio 2010; NOVODB 2010) that the productivity of degraded lands is low
and has been overestimated previously by a number of mostly large scale assessments, not
specifically aimed at wasteland productivity (Lapola et al. 2009; Zhengguo et al. 2010;
Trabucco et al. 2010). Low productivity of Jatropha has also been reported from
experimental outputs of four years research developed and conducted by the NOVOD board

collaborating with more than 30 national research institutes in India (NOVODB 2010).

Furthermore, our results imply that sugarcane based bioethanol will fail to meet the required
demands under both scenario conditions, either of rapid industrialization with higher technical
inputs or an agricultural based economy. The results show that despite 42% (Scenario IE)
and 37% (Scenario AE) increase in sugarcane area by 2017, ethanol demands would not be
fulfilled. Sugarcane being a food-fuel crop serves multiple demands of sugar, sweeteners,
chemical industries, beverage industries and bioethanol production. The shortfall in ethanol
production for the transport sector is attributable to several sections of the production chain
and no singular limiting factor is identifiable. In this study, we considered the molasses based
ethanol production route in both scenarios, which is one of the major limitations for the
production of bioethanol. Net yields from molasses based production are seven times lower
than bagasse based production (Bharadwaj et al. 2007). The bagasse route could therefore

be more profitable than the molasses route. However, most distilleries in India have
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traditionally used the molasses route, based on the traditional and current focus on sugar
production. Secondly, sugarcane expansion is highly dependent on the expansion of
irrigation systems and availability of water. Bharadwaj et al. (2007), have shown the role of
drip irrigation in sugarcane production and yield increment. In Karnataka, the second largest
sugarcane producer in India, a marginal increase in sugarcane production may be sufficient
to fulfil bioethanol requirements, although this assumption cannot be transferred to the entire
country. Therefore, dependence on the productivity of sugarcane and expansion of irrigation
are critical for future ethanol availability. One important area of intervention that is yet to be
explored is the introduction of Fuel Economy norms in the country. Several countries, e.g.
the USA, the European Union, China and Canada have already successfully implemented
fuel economy norms to reduce vehicular emissions (Clean air initiative for Asian cities 2010).
Presently, India does not have mandatory norms/regulations in this direction although efforts
are already underway (Sethi N 2007). Increasing the fraction of diesel vehicles that currently
constitutes 30 % of passenger vehicles and introducing several short, medium and long-term
technical improvements in vehicular efficiency for both gasoline and diesel automotives can
contribute substantially to energy conservation and reduction of current and future fuel use,
demands for biofuels, as well as GHG emission. Encouraging the cultivation of other dual
use food-fuel crops such as sweet sorghum, cassava or sugar beet in combination with
decentralized processing of ethanol, would increase ethanol production and hence would

contribute to fulfil the 20% blending goal.

With respect to land use change, our results clearly indicate that if, as mandated by the
Indian biofuel policy, no agricultural land is diverted to energy crop production, a 74% deficit
of biodiesel under IE Scenario conditions or a 71% deficit under AE Scenario conditions can
be expected. Both sugarcane and Jatropha expansion occurred in the simulations to fulfil
biofuel targets. Due to rising demands of food and fuel, a large decrease in fallow areas was
simulated. The strong decrease of fallow areas (95% and 93% in Scenario IE and AE) may
prove to be an unsustainable process of land use intensification, as fallows under current
management and climate conditions are needed for livestock and to restore soil fertility

levels.

In the study, we assumed no increase in double cropping areas beyond 2004. The cropping
intensity (ratio of net area sown to gross cropped area) of the state rises to 82% by 2025
which is detrimental for soil productivity. Moreover the average life time of Jatropha
plantations is more than food crops. Consequently, fallow land once converted cannot easily
be re-converted back to croplands without incurring huge losses in case of crop failure.
Across much of India, the conversion of cropland may be detrimental, especially to poor
farmers with small land parcels, who mainly use their produce for subsistence and not as

commercial crops. Therefore, small/ marginal farmers may be exposed to high risks in
125



Modelling regional scale biofuel scenarios- a case study for India

Jatropha cultivation as they may be simultaneously faced with financial and food deficits. The
findings of our study are in agreement with Shinoj et al. (2010) and Ariza-Montobbio and Lele
(2010) who have reported the conversion of fallow land in other Indian states for Jatropha
production and substitution of edible oilseeds with Jatropha in south India respectively.
Several studies have observed yield increases in irrigated Jatropha systems (Gupta et al.
2010; Behera et al. 2010; Lapola et al. 2009). With merely 30% of cropland under irrigation,
water availability for irrigation of Jatropha is limited. However, Jatropha yields can be
enhanced through conservation oriented approaches for example water harvesting and lift
irrigation. Water harvesting structures such as check dams coupled with lift irrigation in the
dryland areas of India, such as parts of Karnataka (which usually have a rugged terrain
where entrapment of water is not naturally possible) is a viable option for irrigating Jatropha

plantations (Agoramoorthy 2009).

Scenarios |IE and AE differ significantly in technological improvements assumed in the biofuel
sector. It is evident from our results that under Scenario AE, although total biodiesel demand
is 11%lower than in Scenario IE, more land is needed to meet the target. This result clearly
indicates the importance of simultaneously analysing the roles of land management and
technical pathways when assessing potential land use changes and/or environmental
impacts. The main parameters considered in this study were that of oil content, extraction
efficiency and yields after transesterification. Considering the key factors discussed above,
an improvement in extraction technologies would make the largest contribution to raising
biodiesel production (>40%). Secondly, while most studies, including this study, concentrate
on estimating biofuel potential through the gasoline-ethanol pathway, Karnataka State Road
Transport Corporation has patented the technology of using a diesel-ethanol mix which is
successfully being used by Karnataka roadways (KSRTC 2010). Such technical innovations
are highly consequential, since high speed diesel demand in India is five times the gasoline

demand, with an increasing number of automobiles converting to diesel engines.

An important aspect that emerges from this study is that the absence or insufficient number
of markets for direct selling of Jatropha seeds is a major factor of the limited success of
biofuel planning. This study has used “semi-hypothetical” markets by including current
Jatropha biodiesel plants as a proxy for the locations of wholesale markets. This assumption
was made, since an established marketing mechanism for Jatropha comparable to the
markets for food crops does not exist yet. Our study shows that the presence / absence of
markets is directly linked to Jatropha expansion since such expansion took place in close
proximity of the markets used in the model, indirectly validating the assumptions we made
(Figure 6(b) and (c) and Figure 6 in Supplement). The presence of established markets can
also ensure fixed level of prices for Jatropha seeds which may encourage farmers. The

preliminary economic analysis of our study shows that net returns from Jatropha production
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to farmers are sub-optimal. Income generation from Jatropha cultivation has been included in
most discussions on the choice of Jatropha for sustainable energy production. Given the
present situation and current interest rates and rates of inflation, Jatropha cultivation does
not seem profitable, at least in the short-term (Ariza-Montobbio and Lele 2010). Most farmers
in Karnataka or India, have little scope to incur financial losses, hence Jatropha cultivation
may prove to be a risky venture- both financially and environmentally. The situation is only
exacerbated by the absence of markets, fixed minimum support prices or crop insurance in
case of crop failures. Overall, the extent of financial and environmental risk (in terms of
decreased productivity of fertile land) is not a viable option for poor/ marginal farmers, at
least in the short term of five years as is evident from the calculations presented above. For
more detailed economic assessments of Jatropha cultivation it would be necessary to
quantify and account for other possible services or byproducts such as the use of pressed
cake as biofertilizer, Jatropha oil as a source of light in rural households, medicinal value etc.
Increasing government support in the form of subsidies and loans with attractive repayment
mechanisms can help in reducing the financial risk involved, as has been predicted by
several authors (Srinivasan 2009; Pohit et al. 2010; Ariza-Montobbio and Lele 2010). But,
since financial support from the government is not applicable when farmers produce
Jatropha (or any other crop) for large multinational companies (such as contract farming
business models), it is very important that farmers are well protected against non-payment by
companies in case of crop failure through adequate enforcement of agreements.
Opportunities for financial gains from carbon credits (from the Clean Development
Mechanism (CDM)) should be made a part of energy plantation programmes after clarifying
whether the producer or the consumer would be the net beneficiary of the credits. CDM has
been successful in India and small scale plantation projects from India have been approved
for credits by the UNFCCC (Chakraborty 2010). Successful schemes could be applied in
energy plantations such as Jatropha or similar systems, which would not only contribute to
covering initial expenses but also ensure adequate protection/care of the plantation system
by farming households (e.g. on wastelands). In the long-term, monetary transfers to farmers
for the environmental services they provide, could encourage biofuel production and cushion

losses of the initial years.

To summarise, several components of the biodiesel matrix need to be revisited if India wants
to achieve long-term energy sustainability. A multi pronged approach can help a long way in
reducing the current uncertainty of future biofuel availability in the country. Cross-sectoral
improvements are necessary in agricultural, land, energy, technical, water and financial
management. Most of the success in ensuring food and energy security in India seems to be
based on two pivots- conservation of available resources and implementing and expanding

existing technological improvements, both on the demand and supply side of the biofuel
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chain. Currently, the most dangerous aspect of biodiesel optimization is the complete
dependence on sugarcane and Jatropha. Although efforts are ongoing towards evaluating
other crops, it is necessary to include them in the policy framework in the immediate future,
as large spatial differences in outputs across the country are to be expected. Overall, dual
use food-fuel crops are candidates that are easier to integrate in India than dedicated energy
crops. Besides crop diversification, conservation of water resources, improving irrigation
methods such as drip and lift irrigation practices, increase in agricultural extension and
reducing losses of food/fuel (post harvesting and transportation losses) can sharply increase
the total capacity of biofuel production. Technological interventions such as increasing fuel
efficiency in the automotive sector, contributions of biotechnology to increase oil content and
yields of Jatropha and improvement in oil extraction processes especially in rural areas are
necessary. Thus, a multi-faceted approach if implemented without further delays would
support the overall goal of food-fuel security in India more than the current approach, which

is mainly focused on two key biofuel-feedstocks.
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Supplementary Material

Section |

DayCent parameterization of crops and trees

FAO soil data (FAO 2009) was downscaled for the study area, main parameters used were
carbon and nitrogen (in top soil and sub-soil), bulk density, texture (sand, silt and clay
fractions in top soil and sub-soil), pH (in top soil and sub-soil). CRU weather data (daily)
(Mitchell and Jones, 2005) was used with the parameters -temperature (minimum and
maximum), rainfall. Daycent spin up run for 500 years was performed to stabilise carbon

pools in the soil using native vegetation (grass, forests) and sorghum for agricultural areas.

Seven crop types (rice, maize, millets, pulses, oilseeds, cotton and sugarcane) and two tree
types (Forests and Jatropha) were parameterised. The parameters used are provided in

Table 1. Details on parameter definitions can be found in technical documentation (Metherell

et al. 2011).

Table 1. Parameter values for crops and trees used in the Karnataka study

Crop Rice Maize Millets | Pulses | QOilseeds | Cotton | Sugarcane
prdx 0.5 0.6 0.2 0.2 0.05 0.2 0.4
ppdf(1) 15 15 15 15 15 20 20
ppdf(2) 55 55 55 55 55 55 50
frtc(1) 0.5 0.5 0.5 0.5 0.5 0.5 0.4
frtc(2) 0.1 0.1 0.1 0.1 0.1 0.1 0.3
cfrten(1) 0.25 0.25 0.25 0.25 0.25 0.40 0.25
crften(2) 0.25 0.25 0.25 0.25 0.25 0.25 0.25
himax 0.5 0.4 0.5 0.2 0.3 0.1 0.7
Tree Forest | Jatropha

DECID 2 2

Prdx (2) 1.5 0.5

PPDF (1) 15 25

PPDF (2) 40 45

CERFOR(1,1,1) | 35 20

CERFOR(1,1,2) | 697 700

CERFOR(1,1,3) | 100 40

CERFOR(1,2,2) | 50 35

MAXLAI 5.7 5
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Table 2 Spatial data used in the study

Data Source Reference
Saoll Digital Soil map FAO 2009
of the world

Slope and USGS HydroSHEDS Lehner et al. 2008

Elevation

Land use data IGBP-DIS Loveland et al. 2000

(1992)

Land use data NRSA NRSA 2004a

Wastelands NRSA NRSA 2004b

Irrigated areas GIAM Thenkabail et al. 2008

Rainfed areas GMRCA Biradar et al. 2009

Protected Area World Database on Protected UNEP-WCMC, IUCN, 2009

network Areas

Urban areas MODIS Global Urban Extent  Schneider et al. 2009; Schneider
etal. 2010

Roads Digital Chart of the World ESRI, 2000

Table 3 Main assumptions used in SITE-Karnataka

General assumptions

Reference

1 Wasteland area remains constant during the entire
period of simulation (1992-2025)

2 5 % Bioethanol is assumed to have been achieved in
2004 while biodiesel blending was assumed to be zero
in 2004

3 Ethanol production pathway —All bioethanol is produced
using sugarcane to molasses route. 4% molasses
production per ton of sugarcane is obtained, of which
25% ethanol recovery is possible. Out of total ethanol

produced, 40% is used for bioethanol production.
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4 Biodiesel pathway- All biodiesel is produced by Jatropha Ministry of New and Renewable
with varying levels of oil content, extraction efficiency Energy 2009
and yields after transesterfication used in the scenarios
(see Section V in this supplement)
Settlement sub-module

5 Total number of towns in Karnataka is 170 and villages Karnataka State Remote
is 28,849 Sensing Agency 2007

6 Total population is divided between rural (66%) and Planning and Statistics
urban (34%) Department ,Government of

Karnataka 2005

7 All settlements expand spatially starting at the center, Brush 1968, Taubenbdck et al.
assuming declining population densities towards the 2008
periphery
Crop sub- module

8 Irrigated area is 14,472 km” DES 2007

9 Area under double cropping increases from 13,780 to DES 2007
25,170 km? from 1992-2004 and remains constant
thereafter

10  Wasteland cells cannot grow food crops; however crop Ministry of New and Renewable
cells can be cultivated with Jatropha in the scenario Energy 2009
period

11  Fallow pixels are brought back into production after one  Ministry of Agriculture 2010
year

12 We used all 206 registered agricultural markets for the Directory of Agricultural
simulations. Note that markets a trading different Markets, Department of
commodities, a fact that is influencing crop allocation — Agriculture, Government of
both in reality and in the simulations. Karnataka 2004

13 Jatropha biodiesel markets are simulated by using WWF and GEXSI LLP 2008
current processing units/ industries in Karnataka
Forest sub-module

14 A grid cell is not used for biomass extraction in Karnataka forest department,
consecutive years 2008

15 Forest use increases with increasing proximity to Karanth et al. 2006

villages and roads
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Table 4 Important parameters used in multi-criteria suitability analysis
maxElev(m) maxPPT (mm) Reference
Rice 1000 1500
Maize 700 800
Millets 850 1000
Pulses 1000 650 IKISAN web portal 2010;
Oilseeds 1050 500 DBT-MOEF 2009
Cotton 900 1000
Sugarcane 1000 2500
Jatropha 1000 1200 Kureel et al. 2007

Table 5 Land use change conversion matrix employed in the model

FROM

Rice | Maize | Millet |Pulses| Oil. | Cot. | Sug. | Jatro. | Urban | Rural | For. | Fal.
v v v v v v v v - - - v | Rice
v v v v v v v v - - - v | Maize
v v v v v v v v - - - v Millet
v v v v v v v v - - - v' | Pulses
v v v v v v v v - - - v QOil
v v v v v v v v - - - v | Cot
v v v v v v v v - - - v | Sug
v v v v v v v v - - - v' | Jatro
v v v v v v v v v v v v Urban
v v v v v v v v - v v v Rural
B - - - - - - - - - v For.
v v v v v v v - - - - v | Fal.

Oil. = Oilseeds; Cot. = Cotton; Sug. = Sugarcane; Jatro. = Jatropha; For.= Forests; Fal.= Fallow

v indicates change allowed ; - indicates change not allowed
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Section Il

Details of scenario quantification for Scenario IE and Scenario AE
Population

We used the population projections from (Census India 2006) and policy documents of
Karnataka (Karnataka State Planning Board 2008). Projected TFR (Total Fertility Rate) of the
national goal of 2.1 is achieved in 2005 in Karnataka. Thus, population can be expected to
grow at a constant TFR of 2.1. We adopt the Census India underlying assumptions of “With
AIDS” and “Without AIDS” scenarios applying the percentage difference as indicated by
Census India (Figure 1).

Population projections for Karnataka

70.00

65.00 -
(2]
c
£ 60.00
=

55.00

50.00 T ‘ ‘ ‘ ‘

2000 2005 2010 2015 2020 2025 2030
Year
—— Scenario IE —— Scenario AE
Figure 1 Projected population of Karnataka until 2025
Economy

The state equivalent of the national GDP is the Gross State Domestic Product (GSDP). The
state accounts statistics are an extension of the national accounts at the regional level and is
a measure of the total output of the state economy (Central Statistical Organization
2008).Unlike GDP forecasts, GSDP forecasts or projections are not commonly available.
This study has broadly utilized the projections available in the “Karnataka- A Vision for
Development” document prepared by the state government (Karnataka State Planning Board
2008). Two levels of GSDP growth rates have been adopted in this study to reflect the rate of
change of economic growth until 2025. Scenario IE assumes a higher growth rate (9% p.a by

2025) while Scenario AE assumes slightly lower growth rates (8% p.a until 2025) with 2004-
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05 as the base year (Figure 2). While Scenario IE assumes higher rates of economic growth
based on manufacturing and services sector, Scenario AE assumes strengthening of the

agriculture sector and hence an enhanced contribution to the GSDP.
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Figure 2 Projected growth rate of GSDP for Karnataka

Food demand

Sectoral demands for Rice, Maize, Millets, Pulses, Oilseeds, Cotton and Sugarcane are
quantified for both scenarios. Various authors have projected food demands at the national
level whereas only one study could be located that has developed foodgrain demands for
Karnataka (Rosegrant 1995; Mittal 2008; Mohanty et al. 1998; Bhalla 1999; Savadatti 2007;
Chand 2007).The general methodology applied in this study to calculate future commodity

demands was based on per capita consumption patterns and projected population.

For all commodities apart from cotton and maize this study has used and adapted per capita
demand projections from Mittal (2008). The per capita demands used in this study for
Scenario IE and Scenario AE with base year 2004-2005 are given in Table 6. Table 7 shows
the total demand for commodities for both Scenarios. Figures 3(a) to Figure 3(g) show the

demands for each commodity.

Realistic projections of per capita maize requirements could not be located, as most studies
account for maize as food whereas the larger demand stems from the use of maize as feed.
Maize is the major feed for the poultry sector in India and also in Karnataka. In Karnataka
particularly, which is a non-traditional maize growing zone in India, there has been a
tremendous increase in maize production over the last two decades. Egg and maize

production have followed the same trends in Karnataka (Joshi et al. 2005). The per capita
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maize consumption in the state was 8.4 kg per annum Karnataka (Pavithra et al. 2009). 55%
of the total maize cultivated goes to the feed industry, other prominent users being the starch
industry, breweries, pharmaceuticals and wet mills (Mehta and Dias 1999). Annual growth
rate of poultry between 1997 and 2003 was almost 6%. The government target is to achieve
an annual growth rate of 10% during 2007-2012 (Dept. of Animal Husbandry 2008). This
study has assumed an average growth rate of 10% in Scenario IE and 7% in Scenario AE

throughout the entire period.

Cotton demands were generated assuming 20% export and 10% export capacity of India for
Scenario | and Scenario Il respectively. The baseline cotton demand in Karnataka is 1.95kg /
capita / annum. Data from Chaudhary (2005) has been used for annual increments in cotton

demand in both scenarios.

Table 6 Per capita demand for agricultural commodities in Karnataka

Commaodity Per capita demand (kg/annum) Per capita demand (kg/annum)
(Scenario IE ) (Scenario AE)

2015 2020 2025 2015 2020 2025
Rice 77.7 76.20 74.7 76.6 74.6 72.6
Millets 81 86 91 80.45 85.2 89.95
Pulses 26.05 28.8 31.55 23.83 26.48 29.13
Oilseeds 52.19 58.64 65.09 49.11 54.16 59.21
Sugarcane 366 428 490 324 367 410
Cotton 2.53 2.82 3.15 2.24 2.37 2.51
Table 7 Summed up demands for agricultural commodities in Karnataka
Commodity Demand in million tons (Scenario IE) Demand in million tons (Scenario AE)

2015 2020 2025 2015 2020 2025
Rice 4.80 491 4.97 4.69 4.76 4.77
Maize 3.91 4.36 4.80 3.64 4.00 4.34
Millets 5.01 5.54 5.99 4.89 5.40 5.88
Pulses 1.57 1.85 2.10 1.45 1.68 1.90
Oilseeds 3.22 3.77 4.33 2.98 3.43 3.87
Cotton 0.16 0.18 0.21 0.14 0.15 0.16
Sugarcane 22.63 27.57 32.60 19.72 23.27 26.8
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Figure 3 (g) Projected sugarcane demand in Karnataka

Biofuel demand

Several international bodies have developed scenarios for India e.g. (International Energy
Agency) IEA and EIA (Energy Information Administration). In India scenarios for demands for
petroleum products have been developed by the Ministry of Petroleum and Natural Gas,
Government of India (Ministry of Petroleum and Natural Gas 2006). The scenarios have
been developed on indicators pertaining to GDP, energy demand elasticity and impacts
related to infrastructure development (e.g. underground railway systems in metro cities),
Compressed Natural Gas (CNG) expansion, and conservation and efficiency improvement
measures amongst others. For this study the scenarios have been adapted to fit regional
demands for Karnataka. The generic term “petrol” has been used as the equivalent of “Motor
Gasoline” that is defined by the United Nations and used in India as “a mixture of relatively
volatile hydrocarbons with or without small quantities of additives, which have been blended
to form a fuel suitable for use in spark-ignition internal combustion engines. Natural gasoline,
aviation gasoline and naphtha's are excluded” (CSO 2010). Similarly, High Speed Diesel
(HSD) would be used for “High Speed Diesel Oil (HSDO)” or “Gas oil” for petroleum derived

diesel used to fuel diesel engines.

Due to the lack of time-series statistics on consumption of petrol and HSD in Karnataka, the
fraction of consumption in the state was calculated from national level statistics as 6.5% and
6.1% respectively. The “Upper case” and “Base case” in the scenarios by the Ministry are
adapted to Scenario IE and Scenario AE for Karnataka. Under Scenario IE the annual

compound growth rates of petrol and HSD demand are 5.3% and 4.2%, while under

145



Modelling regional scale biofuel scenarios- a case study for India

Scenario AE they are 4.3% and 3.6% respectively. Under Scenario IE petrol demands in the
state increase to 1.6 million tons while under Scenario AE they reach 1.3 million tons (Table
8).

The biofuel policy of India has set a target for 20% blending of petrol with ethanol and HSD
with non-ebible oil until 2017 (MNRE 2009). 5% blending of petrol is currently practiced in 20
states of India while no information is available for blending of HSD. On the basis of previous
plans and targets set by the government it is assumed that 5% blending for HSD has been
undertaken in Karnataka since 2004. Future blending rates were calculated to reach the 20%
blending target by 2017 assuming a linear growth rate (Table 9). Table 10 and Table 11

show the requirements for ethanol and non-edible oil for blending in petrol and diesel.

Table 8 Projected petrol demands in Karnataka

Scenario IE (CAGR 5.3%) Scenario A E (CAGR 4.3%)
Year Petrol demand in Ethanol Demand in  Petrol demand in Ethanol Demand in
Karnataka Karnataka Karnataka Karnataka
(Million tons) (million tons) (Million tons) (Million tons)
2004 0.51 0.03 0.53 0.03
2005 0.55 0.03 0.55 0.03
2006 0.58 0.04 0.58 0.04
2007 0.60 0.05 0.61 0.05
2008 0.63 0.06 0.64 0.06
2009 0.68 0.07 0.66 0.07
2010 0.73 0.09 0.69 0.08
2011 0.75 0.10 0.72 0.10
2012 0.79 0.12 0.75 0.11
2013 0.84 0.13 0.78 0.12
2014 0.88 0.15 0.81 0.14
2015 0.93 0.17 0.85 0.15
2016 0.98 0.19 0.88 0.17
2017 1.03 0.21 0.92 0.19
2018 1.08 0.24 0.96 0.21
2019 1.14 0.26 1.00 0.23
2020 1.20 0.29 1.04 0.25
2021 1.26 0.32 1.09 0.28
2022 1.33 0.35 1.14 0.30
2023 1.40 0.39 1.18 0.33
2024 1.48 0.43 1.24 0.36
2025 1.55 0.47 1.29 0.39
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Table 9 Projected HSD demands in Karnataka

Scenario IE (CAGR 4.2%)

Scenario AE (CAGR 3.6%)

Year HSD demand in Oil Demand in HSD demand in  Oil Demand in Karnataka
Karnataka Karnataka Karnataka (Million tons)
(Million tons) (million tons) (Million tons)
2004 243 0.12 243 0.53
2005 2.46 0.15 2.46 0.55
2006 2.49 0.18 2.49 0.58
2007 2.60 0.22 2.59 0.61
2008 2.69 0.26 2.68 0.64
2009 2.81 0.31 2.78 0.66
2010 2,94 0.36 2.87 0.69
2011 3.05 0.41 2.97 0.72
2012 3.18 0.46 3.08 0.75
2013 331 0.52 3.19 0.78
2014 3.45 0.59 3.30 0.81
2015 3.60 0.65 3.42 0.85
2016 3.75 0.73 3.55 0.88
2017 3.91 0.80 3.67 0.92
2018 4.07 0.89 3.81 0.96
2019 4.24 0.98 3.94 1.00
2020 4.42 1.07 4.09 1.04
2021 4.60 1.17 4.23 1.09
2022 4.80 1.28 4.39 1.14
2023 5.00 1.39 4.54 1.18
2024 5.21 151 4.71 1.24
2025 5.43 1.64 4.88 1.29
Table 10  Projected ethanol demands in Karnataka
Scenario IE Scenario AE
Year Petrol demand Ethanol demand Petrol Demand Petrol Demand
(Million tons) (Million tons) (Million tons) (Million tons)

2010 0.73 0.09 0.69 0.08
2015 0.93 0.17 0.85 0.15
2020 1.20 0.29 1.04 0.25
2025 1.55 0.47 1.29 0.39
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Table 11 Projected non-edible oil demands in Karnataka

Scenario |IE Scenario AE
Year HSD demand  Blending oil demand HSD Demand  Blending oil Demand
(Million tons) (Million tons) (Million tons) (Million tons)
2010 2.94 0.36 2.87 0.35
2015 3.6 0.65 3.42 0.62
2020 4.42 1.07 4.09 0.99
2025 5.43 1.64 4.88 1.47

Technology developments assumed for biodiesel

Three key-factors contributing to total biodiesel production from Jatropha:
0] Oil content of seeds
(i) Qil extraction efficiency
(iii) Yields of biodiesel after processing of non-edible oll

Oil contents and oil extraction efficiencies vary widely depending upon the species or
varieties used and the scale of production. The average oil content varies between 30 and
40%, while the micro-mission plan for improved varieties aims at achieving a maximum of
40% oil content (Diwakar et al. 2010). Under higher rates of technology growth assumption of
Scenario IE that include major advances in biotechnological and genetic improvements
towards high yielding varieties it is assumed that oil content of Jatropha can reach as high as
40% while in Scenario AE it is assumed oil content shall be limited to 35% from the base
year oil content of 30% (Figure 4(a)). Depending on the scale of production (local to
industrial) oil extraction efficiency may vary between 57% and 100%. We assume extraction
technologies to achieve 81% and 68% by 2025 under Scenario | and Il respectively (Figure
4(b)). Although Jatropha oil can be directly used in engines as Straight Vegetable Oil there
are drawbacks on engine efficiency and therefore several modification methods exist to
produce biodiesel such as micro-emulsion, pyrolyis, cracking and transesterfication.
Transesterification is the most commonly used process in India which yields biodiesel and
the important by-product glycerine (Jain and Sharma 2010). The yields may vary between
95% to 99% depending on the types of catalysts used as well as other modifications in the
processing chain (Whitaker and Heath 2009; Kumar et al.2010). Scenario IE assumes

constant 99% ester yield while Scenario AE assumes a constant ester yield of 95% (Figure

4(c)).
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Agricultural Prices and Cost of Cultivation

Farm Harvest Prices (FHP) or Farm gate prices are defined as the average wholesale price
at which the commaodity is disposed of by the producer at the village site during the specified
harvesting period (Ministry of Statistics 2008). Continuous time series data for all crops in all
districts of Karnataka was not available. Data gaps were filled by taking mean values
wherever necessary. Decadal growth rates of FHP for different crops have been used by

Deshpande et al. 2002 based on which we calculate annual rates of increase in FHP.

A comprehensive scheme for studying the cost of cultivation was initiated in India in 1970-71.
The items of cost of cultivation (COS) cover both paid out costs (out of the pocket expenses)
and imputed costs. Details of computation of cost of cultivation are found in the cost
compilation publication (Ministry of Agriculture 2006). For this study we computed annual
increase in cost of cultivation over a time period of 5 years (1991-2003) to maintain
consistency across all crops (decadal time series data for all crops was not available). Figure
5 shows the annual increases in FHP and COC for all crops applied to Scenario AE.
Scenario |IE calculations added 14% annually (2009-2010 inflation in food prices) to the

growth rate.
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Figure 5 Annual increase in FHP and COC for Scenario AE

To depict the agricultural marketing system a spatial database of markets (APMCs) was
developed with details of 204 APMCs across Karnataka (available at the online MIS portal-

(http://www.ksamb.gov.in/). As shown in Figure 6, a careful analysis of available qualitative

information was transformed into detailed spatial information to be used as an input to the

150



Modelling regional scale biofuel scenarios- a case study for India

model. No information on established markets for jatropha biodiesel could be located as the
development of the marketing network for biodiesel is still at a nascent stage in the area.
Therefore, the location of existing commercial biodiesel processing units (K1 Oils and
Labland Biodiesel Pvt. Ltd.) and government owned oil refineries (at Bangalore and
Mangalore) were used as “Jatropha markets”. Detailed information on commodities traded at
each of these 204 APMCs was incorporated into the database using the Directory of Markets

(Ministry of Agriculture, 2004).
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Demand on Forests in Karnataka

Available data for wood demand in the state is very limited. Forestry statistics in India is
compiled by the Indian Council for Forestry Research and Education (ICFRE) in the form of a
bi-annual publication titled “Forestry Statistics in India”. For the period of our study, two the
issues published in the years 2001 and 2005 (ICFRE 2002; ICFRE 2009) were useful. The
Statistical Abstract of Karnataka (DES 2007) was also used for other years. The calculations
presented below are also supported by personal communication with the Forest Department

and unpublished literature cross referenced from published books.

There is a high degree of uncertainty presented by the data studied. A wide range of
estimates for total annual wood production from Karnataka's forests were found to exist in
literature ranging from 29 million tons (Ranganathan et al. 1993) to 0.17 million tons (Table
12). The following table summarises the trends in wood production in Karnataka as derived

from statistical reports.

Table 12  Annual wood production in forests of Karnataka

Year Timber Pulpwood+ Fuelwood Poles Total Reference
(tons) Matchwood (tons) (tons) (million tons)
(tons)

1998 48,777 181,596 1,248,863 859 1.48 1
1999 44,029 146,011 1,288,322 1544 1.48 1
2001 66,013 87,225 313,453 40542 0.51 3
2002 58,049 9,797 166,821 28601 0.26 2,3
2003 48,806 30,235 186,820 22283 0.29 2,3
2004 19,495 6,442 104,248 35099 0.17 3

Source: recalculated for this study from references

Notes: Conversion ratios: Roundwood (timber / poles) - 750kg per m?, pulpwood — 675 kg per m?, fuelwood
— 725 kg per m? as per volume-weight conversions in Forest Statistics of India, pg 118, 2005

Demand projections for 2025

According to Table 12 the annual wood availability / removal from forests has decreased by
88% over six years from 1998 to 2004. Due to lack of data on demand — supply gaps,
imports from other states/countries and unrecorded forest removals, it was not possible to
establish consistent trends in wood production. Ranganathan et al.1993, have projected
demands 2021 to be 1.76 million tons that has been accepted by Forest Department,
Karnataka (Ranganathan et al. 2009). Projections for 2025 have been derived by
extrapolating data with base year as 1998. Demands for projections were kept constant for

both scenarios (Table 13).
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Table 13 Future wood demand in Karnataka
Year Demand(million tons)
2015 1.68
2020 1.74
2025 1.8
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Discussion and Conclusions

7 Discussion and Conclusions

India aims to substitute 20% diesel and gasoline demand with biofuels by 2017 (Ministry of
New and Renewable Energy 2009).The main feedstocks used in the Indian biofuel
programme are Jatropha (for biodiesel) and sugarcane ethanol (for bioethanol). The first part
of this dissertation aimed at assessing the dynamic nature of biofuel policies in India up to
2010. Detailed examination showed that the Indian biofuel policy has followed a zigzag
pattern over the last decade with indecision presiding over key aspects of Jatropha including
yield estimation on different types of land under different management options. The Biofuel
policy does not encourage energy production on agricultural land, use of fertilizers or
irrigation of bioenergy crops. The current status of blending of bioethanol is that 5% blending
is being undertaken in almost half of the country (16 states+ 3 union territories). However, an
estimation of the extent of implementation of the biodiesel programme was not possible.
Other relevant research topics in the Indian context emerging from the study were (i) the
estimation of land availability for first generation biofuels, (ii) the quantification of direct land

use change and (iii) implications on food security in case of conversion of arable land.

The targeted areas for biodiesel production are the wastelands or degraded lands that are
characterized by low fertility and are therefore unsuitable for food production. Taking the
southern Indian state of Karnataka as an example, the main findings of this study suggest
that average jatropha yield on wastelands (0.8 t/ ha) is lower than that on agricultural land
(2.2 t/ha) with no fertilizer application in either case. Scenario analysis under the boundary
conditions of IE (Industrial Economy) and AE (Agricultural Economy) suggests that 88 % and
93% of bioethanol demand can be fulfilled by 2017. Biodiesel targets are met under both
scenario assumptions but at the expense of 3.8% and 4.2 % of agricultural land (including
long and short-term fallows) being diverted to Jatropha cultivation. Although food production
was not negatively impacted, land use intensification was observed in the form of a drastic
decrease of fallow areas (93% in IE and 95% in AE). Moreover, results indicate that
wastelands can contribute only up to ~30 % of the total biodiesel demand, whereas the 20%

target for India was developed assuming 100% of biodiesel production on wastelands.

The results of this study are based on the paradigm of integrated assessments and achieved
through the use of the spatially explicit modelling framework - SITE. The need to estimate
biofuel production potential on marginal lands has been pointed out by earlier studies (Zhang
et al. 2010). The approach used in this study included the use of spatial distribution of
wasteland data, for which Jatropha production was calculated. The second key set of factors

included here is based on the growth of the Indian biofuel industry being largely dependent
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on market forces, as is the case globally (Korobeinikov et al. 2010). This study has
incorporated a spatial approach for estimating net profit margins (of food and fuel crops),
taking into account all relevant costs and producer prices. The main observation emerging
from the study that additional land will be required if the 20% target is to be met are
consistent with previous studies that were conducted at the national scale (Lapola et al.
2009; Schaldach et al. 2010, Ravindranath et al. 2010). However, the previous studies were
carried out at an aggregated national level and did not distinguish between biofuel production
on wastelands and on agricultural lands. Thus, analysis of crop yields under more detailed
biophysical and socio-economic conditions results in simulated Jatropha yields being lower
than those simulated by Lapola et al. 2009. The difference in yields can be mainly attributed
to the use of the DayCent model (in this study) that takes into account nitrogen limitations
(Parton et al. 1998) whereas the LPJmL model (in Lapola et al. 2009) does not involve

simulation of the nitrogen cycle (Lapola et al. 2009).

Most of the production of biodiesel is aimed at wastelands, making wastelands a critical
aspect. Although 7% of the area in Karnataka (and 11% of the area of India) is categorized
as wastelands, the availability of wastelands remains a major question (Balooni and Singh
2007). Most studies, including this study, assume that all wastelands are available, however,
several authors have pointed out that wastelands in India may actually at least partially be in
use by the poorest sections of the Indian society for dwelling, small scale agriculture or other
purposes and afforestation on wastelands is challenged by encroachments and financing
limitations (Balooni 2003). Therefore these wasteland areas may not be technically available
for biofuel production, a fact raising serious doubts about the potential of biofuel programs

solely dependent on the availability of wastelands.

Besides the need for spatial analysis as presented above, detailed representation of the
pathways of biofuel production (although typically part of a Life Cycle Analysis (LCA)
(Rejinders and Huibregts 2009)) is just as important in spatial studies, because they have
clear impacts on land demands. Mulit-sectoral use of ethanol (industrial and potable alcohol
consumption is 60% of the total ethanol production in India) in case of bioethanol and factors
such as oil content, oil extraction efficiency and transesterfication losses in case of biodiesel
were considered in this analyisis. Results clearly indicate that the largest gains may be
derived from improved extraction efficiency increasing the total production by 40%. The
magnitude of the effect of these parameters is visible in the scenario analysis section of the
study where despite 11% higher biofuel demands in the IE scenario, land conversion was
almost equal in the IE and AE scenarios as the AE scenario assumed lower oil content and

oil extraction efficiencies than the IE scenario. Hence, technical improvements with respect
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to oil content of Jatropha seeds and oil extraction technologies play a decisive role in the

success of the biofuel program.

Additionally, results from this study indicate the importance of integrating markets into spatial
assessments as Jatropha production occurred in close proximity to markets. For biofuels to
displace food crops, profit margins earned by cultivators need to be consistently higher than
or at least equivalent to food crops, to act as an economic incentive for biofuel production. In
order to capture the importance of economic viability, it is therefore essential that different
marketing aspects such as distance to nearest market, cost of cultivation and prices earned
by producers are taken into account. Results from this study agree with Ariza-Montobbio and
Lele (2010) and Shinoj et al. (2010) that Jatropha cultivation incurs a net loss in the first three
years of planting and can take up to ten years to earn profits. Often, aspects of marketing
mechanisms are hard to implement in spatial studies due to the lack of data for example the
location of biofuel markets, detailed management costs and producer prices offered under
different business models. The economic approach used in this study could be strengthened
by introducing the effects of minimum support prices (MSP) and financial incentives such as

loans and subsidies, subject to the availability of detailed data.

The results emerging from this research have the potential to improve and widen the existing
knowledge-base of biofuels in India. Firstly, yield estimation of Jatropha via the modelling
approach presented here is not only complimentary to ongoing experimental approaches but
can serve as a faster form of early indication of crop performance since generation of
detailed experimental data requires at least 4-5 years of time. Secondly, spatially explicit
estimates of productivity regimes can help in localised planning since most Indian states
(including Karnataka) are large and comprise a high degree of spatial heterogeneity in terms
of climate, soils and socio-economic conditions. Additionally, integrated assessments help
identify and quantify the most influential parameters in biofuel production such as oil
extraction efficiency and impacts on economic aspects of energy production such as income
generation for producers. Lastly, the approach used in this study can be implemented for
other regional or national level assessments. Given the availability of high quality spatial data
from national/ state level remote sensing agencies and statistical data from online portals
(developed by the National Informatics Center), data intensive assessments such as this

study are definitely replicable for other parts of India and at national scale.

This research was mainly limited by difficulties in localised validation of Jatropha results.
Since experimental research on Jatropha began in India in 2004-2005, only a small number
of results on Jatropha yields and detailed physiological characteristics were published. This

shortcoming was partially overcome by validating model results against the few published
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articles and government documents that reported Jatropha yields under similar climatic and
edaphic conditions from other parts of India. As indicated above, availability of data was not
a frequent impediment; however, the study was impacted by lack of detailed spatial and
statistical information on urban and rural land use, which is a significant driver of land use
change in India. Both of the aforementioned factors contributed to the uncertainty of model
results. Lastly, the study had to be continuously adapted to the frequently changing
paradigms of the Indian biofuel programme during the entire course of research which was a

time consuming process.

In conclusion, first generation biofuels will continue to form a vital part of the renewable
energy matrix in India and have a high potential to contribute to the substitution of fossil fuels
in the transport sector. To strengthen the biofuel program a multi-pronged approach will be
needed including (i) regional scale planning to identify suitable energy crops or a mix of
crops, (ii) the adoption of farm-level conservation measures for water (iii) switching to a fuel
economy especially in urban areas for energy conservation (iv) the implementation of
technical improvements at decentralized biofuel processing units and (v) improving financial
mechanisms to support producers. The small number of spatial assessments for India leaves
much scope for further analyses of more feedstock options for biofuels in India. Although
several alternative feedstocks such as Pongamia, Simarouba, Sugarbeet, Cassava etc. are
available and have been proposed repeatedly, the basic questions of associated chances
and risks (such as vyields, losses / gains in production pathways and effective crop
management practices) need to be analysed and tailored to regional circumstances in order
to arrive at appropriate technological solutions and crop-mixes. Future research in this
direction needs also to be linked to estimating the GHG balances of biofuel crops in India. As
shown in previous studies (Searchinger et al. 2008; Tilman et al. 2006; Fargione et al. 2008;
Lapola et al. 2010) long-term use of biofuels may not always be sustainable as they may
eventually incur a carbon-debt. Estimation of direct and indirect land use change in India can

be of vital importance to assessing the sustainability of biofuel in India.
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