P.R. Shukla

The Modelling of Policy Options
for Greenhouse Gas Mitigation in India

Greenhouse gas (GHG) emissions in India have important
implications for global climate change. Emission trajectory
and mitigation policies for India are analyzed using two
models, a bottom-up energy systems optimization model
(MARKAL) and a top-down macroeconomic model (Sec-
ond Generation Model (SGM)). MARKAL is used to
analyze technologies, peak electricity demand, carbon
taxes, and a range of different policy scenarios. Carbon
taxes and emissions permits are analyzed using SGM. In
the reference scenario, energy use and carbon emissions
increase nearly fourfold between 1995 and 2035. The
analysis indicates that investment in infrastructure can
substantially lower energy intensity and carbon intensity.
A high carbon tax induces the substitution of natural gas
and renewable energy for coal, and also causes a signi-
ficant decrease in gross national product and consumption,
The limitations of present models for analyzing mitigation
policies for developing countries are discussed. Improve-
ments for realistic representation of developing country
dynamics and a policy agenda for GHG mitigation studies
in developing countries are proposed.

INTRODUCTION

A least-cost response to global climate change in developing
countries presents a varety of challenges and opportunities. Al-
though current emissions from developing countries account for
only one-third of global anthropogenic greenhouse gas (GHG)
emissions, their future share of emissions will be much higher.
GHG mitgation in developing countries is therefore crucial for
the stabilization of atmospheric greenhouse gas concentrations
at a level that would prevent dangerous anthropogenic interfer-
ence with the climate system (1).

Within developing countries, there are a large number of low-
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Figure 1. In India, per capita energy consumption and carbon emissions (including
biomass) have been rising, and will continue to rise in the future unless strong
mitigation efforts are made. Biomass is assumed to be carbon neutral. The data

points from 1995 onwards are from the MARKAL reference scenario.
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cost mitigation opportunities such as the promotion of energy
efficiency, a less carbon-intensive fuel mix, and renewable en-
ergy technologies. Unlike developed countries, in which previ-
ous infrastructure investments and consumption practices have
locked the economy into a high energy and high emissions path,
developing countries can make decisions that promote low en-
ergy and carbon intensities. The conventional development path
can be leapfrogged by making decisions that encourage patterns
of development that can be sustained by low resource use. While
such development is desirable, market forces alone may not in-
duce investments along this development path. On the contrary,
the competition in global markets often compels developing
countries to shift their investments away from a long-term goal
of sustainability, which can be regarded as an impediment to eco-
nomic progress and a hindrance to the competitiveness of na-
tional industries. In their formulation of GHG mitigation strate-
gies, developing countries must resolve the conflict between their
immediate economic goals and their long-term goal of develop-
ing sustainably.

MODELLING PARADIGMS

GHG mitigation requires an understanding of the complex and
dynamic interactions among energy, environment, and economy.
Models that have been used to capture these interactions are com-
monly classified as one of two types: bottom-up or top-down.
Bottom-up models specify technologies, resources, and demands
in detail. Top-down models have higher sectoral aggregation, but
better characterization of impacts on economic growth, price
feedbacks, and trade (2). Most top-down models are based on
an equilibrium framework and assume the economy to be in
competitive equilibrium resulting from optimal decisions made
by consumers, producers, and the government.

The model dichotomy also reflects two different paradigms.
Bottom-up models follow the optimistic “engi-
neering paradigm”, whereas top-down models re-
flect the pessimism of the “economic paradigm”,
Boltom-up models presume the existence of an
efficiency gap. Opportunities such as “no regret”
improvements in energy efficiency are identified
to make energy services efficient, The existence
of an efficiency gap is explained by identifying
myriad barriers to efficiency. The pessimism of
top-down models originates from the assumption
that the present technology mix is the end-prod-
uct of an efficiently performing market. Recent
model developments have attempted to bridge the
gap between the two modelling approaches (3),
but with limited success (4).

Cicrbes (T only Cagila

Gaps in the Modelling of Developing
Countries

Numerous GHG policy studies have been per-
formed in developing countries (3, 6). Most use
bottom-up models. Top-down studies of develop-
ing countries are rare (7). The present models ex-
press the economic dynamics of developing coun-
tries in the image of developed market economies.
Developing country realities such as underdevel-
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oped markets, vast informal and traditional sectors, predominant
covemnment monopolies, restrictions on trade, and multifarious
barriers to competition are inadequately modelled. Consequently,
estimation of future GHG emissions and policy prescriptions for
their mitigation are distorted,

Both model types need considerable refinement, adaptation,
and extension to provide realistic and insightful analysis of miti-
gation policies for developing countries (8). An adequate mod-
elling framework for developing countries should include: the
traditional and informal sectors; developmental priorities beyond
economic efficiency, including equity; development alternatives
with substantial investment in infrastructure; research and de-
velopment; institutional arrangements that can alter development
patterns; and strategies for influencing consumer behavior.

INDIA: ENERGY AND ENVIRONMENT PROFILE

[ndia is a fast-growing developing economy. Its population of
000 mill. will grow to 1400 mill. by 2025 (9). Three quarters of
India’s population live in rural areas under a traditional economy.
Agriculture’s share of the gross national product (GNP) remains
around 30% (10). In 1991, per capita income was USD 330
(USD 1150 with purchasing power parity) (11). Although per
capita energy consumption and carbon emissions are increasing
(Fig. 1), they remain well below the global average. Until 1990,
government policies followed a mixed-economy model. Both
agriculture and consumer industries were developed in the pri-
vate sector. Energy, infrastructure, and heavy industry were in
the government domain, The prices of energy, essential com-
modities, and services were regulated. Currency was not con-
vertible. Since 1991, the Indian government has initiated mar-
ket-orented reforms. Although these reforms have influenced
indusiries and external trade, their impact on rural and traditional
economies has been marginal.

Economic development in India has followed an energy-in-
tensive and carbon-intensive path. Domestic coal is the primary
energy source for electricity and industry. Oil consumption has
increased rapidly to meet growing transport demand. The do-
mestic oil supply has not met the national demand, leading to
growing oil imports, Noncommercial biomass contributes more
than 25% of energy. The growing population and hmited sup-
ply of clean fuels in rural areas, and the inability of the rural
masses to buy commercial fuels, has resulted in a rural energy
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Figure 2, Energy consumption for the reference scenarlo increases threefold over four
decades. Coal continues to dominate the energy supply. Shares of natural gas and gil increase

significantly.
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crisis. Unsustainable use of forest biomass by industry and an
increasing demand for land has contributed to severe deforesta-
tion. OF the anthropogenic carbon emissions, 40% are aunbuted
to changes in land use (12). Substantial use of fossil fuel has
led to poor air quality in most Indian cities. Because biomass
use is decentralized, its impact on outdoor air quality is low ex-
cept during the winter months in urban areas. However, the ex-
tensive use of biomass fuels for domestic cooking causes severe
indoor air pollution (13) and has a significant impact on the
health of women and children.

GHG MITIGATION ANALYSIS WITH THE MARKAL
MODEL

MARKAL is an energy systems model ideally suited for techno-
economic analysis (14). It is driven by exogenously forecasted
activity levels for different economic sectors. Technologies are
used to signify the input and output relationships among sectoral
demands, energy demands, and energy resources. The costs of
technologies and resources are specified exogenously. GHG
emissions are accounted for as by-products of the energy-con-
suming technologies used to meet the demand from economic
sectors. The model is formulated as a linear program in order 1o
minimize discounted total energy and environmental costs over
the planning horizon, while meeting energy needs and other con-
straints. Linear formulation facilitates the handling of the large
number of variables and constraints {more than 5000 and 40(),
respectively, for Indian MARKAL) that are required for a de-
tailed bottom-up analysis.

Indian MARKAL: The Reference Scenario

Indian MARKAL is set up for a 40-yr period (1995 to 20335).
The reference scenario assumes a 4.5% average annual growth
rate in GNP. The growth rate ranges from 6% in the carly years
to 2.5% in later years, The economy is divided into two seg-
ments: moden and traditional. The transition of traditional ac-
tivities into the modern economy is accounted for by adjusting
future demand in the end-use sectors. Demand is disaggregated
inte 40 sectors and is forecasted for cach sector using a logistic
function (15) that follows an s-curve pattern. This is realistic for
developing economies that are currently experiencing high eco-
nomic geowth but will stabilize at a lower growth rate in the fu-
ture. Electricity demand is specified separately for daily peak
and off-peak hours, An 8% annual dis-
count rate is used.

Technology representation 15 detaled;
600 present and future technologies, -
cluding 90 electricity-generating tech-
nologies, are included. The cost of a
service delivered by a technology and
fuel combination varies by location be-
cause of differences in capital costs,
natural causes such as the quality of a
coal mine or wind pattern, and economic
conditions such as the type of institu-
tuonal arrangements (16). Fuel and tech-
nologies are modelled with heterogenous
costs to allow realistic competition. En-
ergy consumption and fuel mix for the
reference scenaro are shown in Figure
2. Analyses of different scenarios and
comparison with the reference scenario
are discussed below.

Alomoak

Growth Scenarios

The high-growth and low-growth sce-
narios assume average annual GNP
growth rates of 5% and 4%, respectively,
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compared to 4.5% for the reference scenario.
Sectoral demand in the growth scenarios is esli-
mated from demand in the reference scenario and
the elasticity of demand with GNP. Both energy in-
tensity and carbon intensity decline over time in the
growth scenarios (Figs 3 and 4). Of the reductions
in future energy and carbon intensity 90% result
from technology improvements, while a change in
fuel mix accounis for the remaining 0%,

Energy intensity declined after 1980 due 1o the
decreasing share of traditional biomass fuels in the
total energy mix, the increasing shares of petroleum
products and natural gas, and the penetration of en-
ergy-efficient technologies. Carbon intensity contin-
ued to increase until 1990, however, due to the de-
cline in the share of hydropower (which 15 carbon
free) in the electricity sector, the decline in the share
of biomass fuels {which are assumed o be carbon
neutral), and a rapid increase in the use of coal,
Since 1990, carbon intensity has been declining as
a result of the relatively higher rate of penetration
of petroleum products and natural gas and further
improvements in energy efficiency. As can be seen
in Figure 3, energy intensity also began to decline
at a faster rate after 1990,

In the low-growth scenario, both energy and car-
bon intensity decline initially as the share of domes-
tic energy from gas and hydropower increases. Both
the energy and carbon intensity in the high-growth
scenario are greater than the intensities in the ref-
erence scenario, but the gap narrows in later vears,
[nitially. high growth is fueled by domestic coal as
well as imporied oil and gas. In later years, penetra-
tion of gas increases as domestic coal becomes more
expensive. Evidently, higher growth would require
robust mitigation actions such as investments in in-
frastructure and energy efficiency, promotion of
clean coal and renewable technologies, and a car-
bon tax.

Carbon Tax Scenarios

Five carbon tax scenarios are analyzed (Table 1),
The carbon tax scenanos range [rom a no Lax sce-
nario. to a stabilization tax scenario in which the tax
is the amount necessary to stabilize the aimosphenc
GHG concentrauon over the long-term (17}, Com-

pared to the no tax scenario, carbon emissions under the
stabilization tax dechine by 25% (Fig. 5). Successively higher
tax levels lead to lower emissions, but marginal mitigation gains
are low at higher tax levels. The implementation of a carbon tax
reduces emissions by promoting a change in fuel mix, wherein
coal is replaced by gas and, to a lesser extent, by hydro and re-
newable energy. Coal demand declines drastically under higher

carbon taxes (Fig. 6).

Penetration of Renewable Energy

Supported by government programs in India, several renewable
energy technologies have penetrated decentralized and rural ap-
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Figure 3. Energy intensity peaked in 1980. Future growth rate does not atfecl energy

intensity. it will decline under any growth scenario.
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Figure 4. Carbon Intensity peaked in 1990. it will decline in tha future under any
growth scenario.

plications as well as centralized electricity generation. An analy-
si5 of renewable electricity-generating lechnologies (Fig. 7) sug-
gesls that several of the technologies have competitive poten-
tial. The penetration of rencwable technelogies is vitally infle-
enced by a carbon tax. Wind power and small hydropower have
much potential within the next decade. These technologies are
at a takeoff stage and can penetrate rapidly if a level playing field

is provided by taxing fossil fuels. A stabilization tax would ac-
celerate the penetration of wind power by four times (1o 4750
MW in 2005 relative to the no tax scenario, The penetration of

small hydropower would receive a similar boost as a result of
the stabilization tax. The present cost of solar photovoltaic (PY)

Scenano 19495 2000 2005 2010
Stabilization tax  11.98 26,99 40.00 5099
High tax 7.50 20.24 30.00 44,99
Medivm ax 0.00 5.00 20.00 20,54
Rafarence 0.00 .00 10.00 15.00
No tax 0.00 0.00 0.00 0.00

oBEBB

Table 1. Carbon tax secenarios (USD par ton of carbon], 1995 to 2035.
2015

BHERS

2020 2025 2030 2035

89.00
74.25
458.50
24.76

0.00

120004 14357 162.00
80.03 107.68 121.50
60.02 .78 8100
30.01 35.80 40.50

000 000 0.00
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power is too high. A stabilization tax and
the declining cost of PV technologies
make them competitive after the year
2010. A higher carbon tax accelerates the
penetration of all renewable technologies,
For example, under the no tax regime, PV
technology takes off after the year 2030,
under the stabilization tax regime, PV
technology takes off two decades earlier.
Interestingly, each successively higher tax
level advances the take-off of PY penetra-
ton by about five years.

Infrastructure Scenarios

The four infrastructure scenarios analyzed
are: i) a ransport scenario, shifting raffic
from road to rail; §i) a clean coal scenario,
with additional coal washing capacity; i)
an electricity transmission and distribution
(T&D) scenario aimed at reducing losses
and extending electricity reach to rural ar-
tas; and iv) a demand-side management
(DSM) scenario with efficient electricity
use and peak load measures. Simultaneous
implementation of these scenarios lowers
energy and carbon intensities by 10%. The
mfrastructure scenarios assume only mod-
est institutional changes and investments;
they do not include more far-reaching al-
termatives such as relocating activities,
changing consumption behavior, substitut-
ing communication for transportion, or
mandating the use of renewable technolo-
gies. Although difficult to implement, such
far-reaching changes could lead 1o an
economy with very low energy and carbon
intensities.

Transport Scenario: Transport is among
the fastest-rrowing sectors. Between 1990
and 20030}, passenger travel (in person km)
is projected to increase more than nine-
fold; freight travel (in ton kim) is projected
to increase approximately sevenfold. In the
past two decades, road transport’s share of
freight movement increased from 33% to
56% while its share of passenger move-
ment increased from 39% to 77% (18). A
rapid increase in road traffic has contrib-
uted to rapidly declining standards of road
safety and an increase in urban pollution.
Rail capacity in India is constrained by
limited track length, slow electrification of
tracks, and inadequate locomotive supply
and wagon capacity. Excess demand ex-
ists for freight and passenger movement by
rail. The transport scenario assumes that,
over a decade, the investment in rail ca-
pacity will shift 25% of road movement to

Flgure 7. Higher carbon taxes
gccelerate the penatration of
rengwable 1echnologies for
aleetricy production. In 2035,
ranawable power capacity under
the stabillzatlon tax |& more than
twice as high as in the no lax
scenario.

Amibio Vol 25 Nov 4, June 1996

10K

Milicn Ton of Carbon
W
b
11
§

1 PO —- e e

e
128 0 ios A i . o et P e ]

Yoar

Tax Scenant
Mo Tay
P Referpreo
Madaim Tan
- =.. High Tax

i Sfabdzoban Tax

Figure 5. Carbon emissions under different tax scenarios. In the reference scenario,
carbon amissions Increase fourfold over 40 years. Higher taxes reduce emissions

because gas and some renewable anergy are substitled lor coal.
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rail and investment in road infrastruciure will en- 1
hance efficiency by 5%. These infrastructure 1m-
provements translate into 2% energy savings and
(.53% savings in carbon emissions in 2033, There ]
are additional benefits such as reduced oil consump-
tion (Fig. 8) and better air quality in cities due to
lower trathic

Clean Coal Scenario: Coal-washing capacity has
stagnated at about 10% for the last 1wo decades. In
dian coal has a high ash content (355). Associated
problems such as ash disposal, particulate and sulfur

Draial (Millsan Tosi)

dioxide emissions, and excess transport burden can
be mitigated by coal washing. Washed coal has bet-
er combustion efficiency and lower weight for the

washed, compared to 10% for the reference sce-
nario. In 20335, ash disposal and sulfur dioxide emis-
sions decline by one-third, freight transpont demand
on railways declines by 3%. and energy use and car-
bon emissions decline by 19%.

Electricity T& Scenario: Two deficiencies of
the electnicity T&D network 1n India are high losses
and inadequate reach in rural areas. High T&D
losses translate into direct system inefficiency. Inadequate reach
and disruptions in electricity supply during peak load hours in-
duce energy and cconomic inefficiencies and, at the same time,
adversely affect social development, Two direct energy conse-
quences of poor rural electrification are the inefficient use of
kerosene for lighting and diesel engines for irrigation. The elec-
tricity T&D scenario assumes investment in efficient T&D ech-
nologies, extension of the rural electnification network, and ad-
equale electricity supply to rural areas. These invesiments re-
duce energy and carbon intensities through savings in electric-
ity, diesel, and kerosene. The long-term impact on India of the
electricity T&D scenano is a reduction of 3.8% in energy in-
ensity and 2.7% 1n carbon intensity in year 20335,

DSM «and Peak Electricity Scenarie: Demand-side manage-
ment of electricity use refers to a broad range of strategies for
mfluencing the consumption behavior of energy users in terims
of quantity and timing of energy use. Electricity planning in In-
dia has focused on the supply side. Within the integrated least-
cost energy planning framework, many DSM options are less
expensive than investment in new power plants. [n addition,
DSM conserves energy resources and reduces emissions. A cen-
tral problem of electnic power planning in India i1s meeting the
peak demand. Al present, there is a 19% shortage in electric
power capacity for meeting peak demand (19). This causes fre-
guent power shut-downs, which lower economic productivity as
well as quality of hfe. DSM stratepies also influence users to
shift their time of electnicity use away from peak load hours.
Implementation of DSM will require creating institutions, financ-
ing users to replace inefficient appliances, enforcing equipment
standards, reforming elecincity pricing to include economie and
social costs, and establishing differential tariffs for peak and
nonpeak hours. Analysis of DSM measures with the MARKAL
model shows a 94 reduction in eleciricity generation and 15%
decline in electric power capacity in the vear 2035, relative 1o
the refercnce scenario. These ranslale into a decline of 4% in
energy intensity and 5% in carbon inlensity.

GHG MITIGATION ANALYSIS WITH SGM

The Second Generation Model (5GM) used for top-down analy-
sis 15 a computable peneral equilibrium model (20) calibrated
for 1985, Our analysis spans 45 yrs, from 1985 to 2030. The
economy 1s represenied by mine producing sectors {including
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Figura B. Diessl consumption Increasas fiveicld over 40 years In the reference
scenario. Improvernant in iransporl infrastructure and shitting 25% of road Irafflc to
rail will reduce diesel consumplion by 25%.

seven energy sectors), four final-demand sectors, and three fac-
tors of production. Each sector has several subsectors that rep
rescnt different technologies or fuel grades. For example, there
are six subsectors for the electricity sector. There are 20
subsectors in total and each produces a homogenous good. Pro-
duction relations are represented by constant elasticity of sub-
stitution functions. Technological change 15 assumed to be
“Hicks Neutral'" and is exogenously introduced as change in 1o
tal factor productivily. Technological progress also results from
selection of new technologies, Economic growth occurs through
enhanced factor supply and improved productivity (e.g., lech-
nological progress),

Investment in a sector (or subsector) in cach penod depends
on the savings in the economy and expected profit in the sector.
Investment allocation is determined by a logit function. Capiial
15 assumed 1o be the “putty-clay” type; that is, once the invest-
ment oceurs, the technology cannot be changed. Capital is mod
elled using a vintage approach and investments operate for life
or until they cover operating expenses, Data are required for the
1985 input-output table, past capital invesiment paltern, energy
flows in the economy al subsector and technology level, reserves
of resources, land supply, and current emissions. The labor sup-
ply is estimated using a separale demographic model. Both re-
newable and natural resources are explicitly treated. Cnly com-
mercial energy sources are considered. Traditional biomass fi-
els are ignored since national accounts and official input-outpe
data do not include their value,

The Reference Scenario
The reference scenano’s carbon tax jectory for SGM s s
tical to the trajectory for the MARKAL reference case (Tabk
1). The carbon tax is modelled as an additive 1ax per ton of car-
bon content in fossil fuels. Revenue from the carbon lax is re-
cycled to households by adding to income. [n SGM, the carbon
tax alers the macroeconomy. Demand and supply respond o
endogenous price changes and the economy moves 10 3 new
equilibriom state. In MARKAL. demands from economic activi-
ties are inelastic Lo the price of servicing the demand, and e
ergy supply and costs are exogenous. Thus, in MARKAL, he
carbon tax influences the energy and emissions only through
changes in lechnology invesiments and fuel mix.

The SGM reference scenario predicts annual growth rates of
3.5% for GNP and 3% cach for energy use and carbon emis

Ambio ¥ol, 25 No, 4, June 199



§ 200 -

sion between 1990 and 2030, Coal and ol are
projected 1o be the dominant fuels, Coal is the 1100
primary source of electricity. Strict comparabil- i
ity between SGM and MARKAL is not possible
due to differences in maodel specifications and as-
sumptions. SGM ignores the traditional biomass 800
fuels that are accounted for in MARKAL. Un-
like MARKAL, where it is exogenous, the
growth rate of the economy is endogenous 1o
SGM. In addition, the different perspectives of 500 |
op-down and bottom-up models discussed ear-

800 |

Tax (1965 $)

lier are pertinent. Keeping these caveats in mind, e
it is nteresting to compare the results of the two i
models. 200

The GNP growth rate predicted by the SGM
reference case s lower {3.5%) than the growih Imf
rate predicted for the low-growth case in o

MARKAL (4% ). To compare the resulis of the
two models, a new MARKAL scenario was de-
veloped with a 3.5% annual growth in GNP, This
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Figure 8. The carbon tax necessary 1o stabilize emissions at 1990 levels

scenania s identical to the MARKAL reference 4% gcanario) is very high. Emissions under the global stabilization tax will be
scenano in all respects, except for the end-use de- twice the 1990 level.

mands which are adjusted o the 3.5% growth
rate. After correcting for biomass fucels, which are i

ignared in SGM, the aggregate energy and car-

bon intensities in the new scenario are 20% lower »

than in the SGM reference scenano. In both

cases, coal dominates the energy supply. SGM "

restricts gas imports W maintain the trade balance 3

endogenously. Gas consumption and penetration .

of renewables are higher in the new MARKAL il

scenario than in the SGM reference scenario. In E

SGM, in the year 2030, a carbon tax causes (0. 1% ]

GNP loss annually and 0.4% consumption loss |
8

compared 10 a no carbon tax future, The no tax
scenario in SGM has 25% higher energy- and
carbon-intensity than the reference scenario.

Mitigation Scenarios

Top-down models are highly suitable for ana-
lyzing the effects of economic instruments such
as taxes, subsidies, emission quotas, and permits,
Carbon taxes alter the cost structure of fossil fu-
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SGM. Carbon emissions in the SGM reference

scenanio are three times higher in 2030 than in

1990. The 1 X mitigation scenario assumes the application of a
carbon tax to stabilize future carbon emissions at the 1990 level.
The 2 X scenario assumes that carbon emissions stabilize at
twice the 19400 level. SGM computes the opuimal carbon tax tra-
jectory for achieving each mitigation scenario (Fig. 9). The tax
level required for achieving the 2 X scenario is 25% higher than
the reference scenario after 2025. The carbon tax induces
stronger response in SGM than in MARKAL. In SGM. the 1ax
results in inputs to existing technologies rather than energy; in-
vestment in technologies that are not carbon intensive; and price-
induced losses in consumption and GNP (Fig. 10), In MARKAL,
the tax influence is limited and stems only from future technol-
0gy invesiments,

The carbon tax that is necessary to achieve the | X scenario
is very high. Meeting such a low-emission target requires con-
siderable adjustments in the economy, such as totally phasing
out coal-based electric power by 2010, and large investments in
nuclear, renewable, and energy-effhicient technologies. Emissions
are also reduced as a result of substitnting other inputs in pro-
duction and consuming sectors throughout the economy for fossil
energy; this substitution leads to an annual 6% loss in GNP and
an annual 14% loss in consumption in the yvear 2030 (Fig. 10).

The 1ax wajectory for stabilizing India’s emissions at the 1990
level 15 very high compared o the ax trajectory for stabilizing
global carbon emissions. The global stabilization tax trajectory
15 1n fact closer to the 2 X scenario (Fig. 9). Reduction of emis-
sions in India to the 2 X level is thus beneficial within a global
greenhouse regime, but further mitigation is too expensive. Re-
duction to the 2 X level, however, is 1in itself a substantial gain.
India’s participation in the global greenhouse protocol thus has
mutual advantages,

Emissions Trading: Permit Scenarios

The vse of radable permits 1s a much discussed instrument for
achieving greenhouse gas mitigation efficiently, Permits are cre-
ated to match a global emission target, Each country is allocated
permils based on an agreed-upon allocation scheme. A country
can sell excess permits if its emissions are below the allocation.
Otherwise, permits must be purchased from the global permits
market to cover excess emissions, The suitability of alternate al-
location schemes, in erms of satisfying the principles of equity,
efficiency, and widest panticipation, is a subject of considerable
debate (21, 22). Due to its large population and low per capita
emissions, the alternate allocation schemes have significantly
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different equity implications for India.
SGM was used to analy2¢ two extremely =0
difierent types of permit allocation sche-
mes: a "Grandfathered Emission”™ scheme -
in which each coumtry is allocaied permits & g
for emissions cqual to 1990 emissions 2
within that country. and an “Equal per :E. o0-
Capita Emission” scheme in which each 2
country 1s allocated permits for a share of ';
global emissions that is equal 1o its share 3 b
ol the global population. i .0l

A global protocol for stabilizing green- o
house gas concentrations will specify the & 204
annual GHG emission trajectory over a 0
long-term horizon, and the total global 1
tradable permits released in a given period -
will correspond 1o this annual emission =0
trajectory. Each nation will be allocated

&0 ——

permits according o the agreed-upon al-
location scheme. Under the tradable per-
mits regime. the price of a permit in the
globul market will be equal o the mar-
ginal cost of mitigation. [ndia will be a net
buver ol permits under the “"Grandfathered
Emission” scheme and a net seller under
the “Per Capita Emission”™ scheme. For the
stabilization policy. the permit price will follow the stabilization
tuk trajectory { Table 1) Under these schemes, the net gain (loss)
for u nution is the sum of the GNP loss from the global carbon
Lax and the gain (oss) from selling (buying ) peomits, Under these
allocation schemes, India’s net loss or gain will be very high
iFig. 11} For example, under the “Grandfathered Emission”
scheme. India’s net annual Joss is USD 50 bill. (1985 dollurs)
in the year 2030, 3% of India’s projected GNP for that vear, The
net annual gain under the “Equal per Capita Emission” scheme
is USD 57 bill. in the vear 2030, India, therefore, has a strong
motivation for participating in the global negotiations of the pro-
tocol for the initial allocaton of permits.

Modelling Insights and (Observations

The two mitigation policy studies for India suggest that: §) the
choice of o model paradigm is crucial for this wvpe of policy
analvsis: i) model results can be reconciled by making compa-
ruble assumptions: and iif) policy analysis is enriched by com-
paring consistent op-down and bottom-up model scenarios, Al-
though the policy analysis from the two studies provides valu-
able insights, the structure and perspective of models treat In-
dia like a developed market economy and thus impose serious
conceptual and practical limitations. Model results remain ques-
tionable because of weak and incomplete representation of re-
ality: policy prescriptions lack conviction: and the often observed
skepticism of policy makers wwards formal models is amplified.

DEVELOPING COUNTRY DYNAMICS

Developing countries are dual economigs where the modern in-
dusirial sector co-exists with a vast informal and traditional

economy. The traditional economy accounts for up to 70% of

GNP and includes most rural markets and the urban periphery
{23). The waditional economy 1s nonmonetized and has weak
market linkages that restrict the flow of finances across regions
and sectors. Personalized transactions and informal contracts arc
made to circumvent imperfect information (245 and the instit-
tional gap. Informal financing dominates the credit submarkets
catering o small, poor, and risky borrowers and also competes
with and complements the formal financing in ather submarkets
(23).

The informal sector includes economic activities that are de-
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Figure 11. india gains substantially under schamas thal allocate permils in praportion 10
population. Schemes using previous emisslons lor allocation will cause substantial losses.
India's stake In the permit negotiations is very high,

liberately under-reponed in national accounts (26). For exam-
ple, in India, the income froun undeclared sources was éstimalad
al 50.7% of GNP in 1987 (27} The informal sector’s share i
employment was 30 in Caleutta in 1971 and 459 in Jakam
in 1976 (28). Informal credit accounts for up to two-thirds of
total credit in Bangladesh and China and two-fifths in India (29)
Interest rates in the radional and informal sectors tend to b
very high and hinder the penetration of efficient technologies.

Developing country dynamics include the processes that goy-
ern the transition of the waditional and informal economy intos
modern industrial economy. These processes alter the instin
uons, technology. investment, land use. capabilitics, income,
behavior of producers, government policies. and consumer pref
Crences,

Development Process and Paradoxes

The development process reveals numerous paradoxes. The oo
existence of diverse technology vintages, inefficient use of i
ditional biomass energy. and great resistance to penetration of
efficiency measures are same paradoxes that have tormented ex-
ergy and environmental policy makers, The explanation of thes
paradoxes is rooted in transitional dynamics. For example, con
trary 1o conventional technology assessment that emphasize e
trade-off between capital cost and fuel cost, the decisive facte
for the penetration of efficient technologies in the traditional s
tor is the value of lubor. Because labor is abundant and lacks
monetized value (30}, it 1s substiuted tor capital and commer
cial energy at every opportunity. Traditional bicmass fuels ae
collected or home-grown, and have value only in use. Subst-
witing technology for biomass fuels is resisted as long as biomass
resources are accessible and labor is abundant; thus, energy-¢f
ficient technologies and commercial fuels fail to penetrate. Iron:
cally, technological inefficiency cmerges not as a cause, bul &
a result of underdevelopment that is characterized by inudequate
emploviment and exchange opportunities,

Pour infrastructure and institutional arrangements breed nes
paradoxes. It is a paradox that poor people in developing cou-
trics use more expensive and vet unclean fuels. For example.
kerosene is used extensively for lighting by the poor. Per uni
of light delivery (in lumens), kerosene is 20 times more expen-
sive than wbe light in India. In addition, kerosene use is cumr
bersome and polluting. This paradox is the result of poor acces
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to infrastructure {poor rural electrification) and institutions. In-
efficiency is rooted in underdevelopment. Such paradoxes reflect
the duality of transitional processes in the development phase.
These paradoxes are not cases of market failure. On the contrary.
they point to the fact that the market dynamics presumed by
models are nonexistent.

POLICY MODELLING FOR DEVELOPING
COUNTRIES

Most of the models used for GHG mitigation studies have origi-
nated in developed countries. They presume the existence of in-
stitutions, interconnected and global markets, competition among
producers, and perfect information. When applying these mod-
¢ls to the economies of developing countries. analysts most of-
ten model developing economies in the image of developed mar-
ket economies. As a result, the development process is over-
looked, an entire epoch is ignored, and policy preseriptions be-
come unrealistic, Model dynamics and pelicy analysis must be
ahered o reflect developing country realities. Some of the cru-
cial aspects needing explicit representation in mitigation mod-
elling are described below.

Dual Economy

[In the traditional and modern sectors of the economy, produc-
lon, consumplion, mvestment, market relations, resources. tech-
nelogies, and institutional structure differ significantly, For ex-
ample. rice production in modern agriculture 15 capital- and en-
ergy-intensive whereas, in traditional agriculture, it is labor-in-
tensive (31). Representation of the tradinonal sector requires cx-
phcit inclusion of nonmarket activities. local resources, subsist-
ence behavior, biomass energy, excess labor, multiple and high
discount rates, and technological stagnation. Unpaid tasks, such
as biomass collection, need to be valued and added o national
accounts, Other important issues to be considered include rep-
resentation of labor supply, rural to urban migration. changing
consumer preferences, shifts in government policy. technologi-
cal progress in both sectors, and transactions between the two
SeClOrs.

Disequilibrium and Distortions

Commodity and factor markets are assumed by the models to
be in equilibrium, However, this is not true for developing coun-
mes. Energy markets perpetually experience excess demand.
Energy supply and infrastructure are often controlled by gov-
emment monopolies, and there are myriad barriers 1o competi-
tion and restrictions on international trade that distort the mar-
ket response. In India in 1994, for example, the electricity sec-
tor had excess peak power demand of 19%. Estimation of pa-
rameters, such as the price elasticity of demand, using equilib-
rium assumptions tend to be misleading. Poor data availability
and reliability also distort the representation of reality.

Biomass: The Missing Fuel

Biomass contributes 35% of energy in developing nations (32).
Most biomass is home-grown or collected by family labor, Un-
der sustainable production and use, the biomass fuels are car-
bon neutral. But their present use pattern is unsustainable and
adds to deforestation and consequently to the carbon flux. Four-
teen million hectares of land were deforested globally in 1989,
with the net effect of adding 1.4 gigatons 1o the atmospheric car-
bon flux (33). Traditional biomass use is very inefficient, The
energy efficiency of traditional cook stoves is only 8%. Policies
regulating biomass use in developing countries can offer vital
opportunities for least-cost global GHG mitigauon. Yet, the tra-
dinional use of biomass continues 1o be inadequately represented
in most bottom-up studies; and biomass use is toally ignored
by top-down models because its economic value is not accounted
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for in national statistics.

Biomass is used to meet the cooking energy needs of most
rural houscholds and half of the urban houscholds in India.
Biomass collection requires the work of many people, mainly
women, Collection time, about three hours per houschold daily.
15 increasing due to depletion of village woodlots. Biomass does
not acquire monetary value because it is collected by unpaid
labor and is not traded. Eight billion person days are spent an-
nually for biomass collection in India, This 15 equivalent 1o full-
time employment for 30 mill, persons, 11% of India’s wial em-
ployment. Valued at mimimum wage, biomass is worth 150 bill,
Rupees or 2% of India’s GNP in 1994, lis kerosene equivalence
15 more than 20 mill. 1ons. Biomass acquires implicit value ei-
ther from the opportunity cost of labor used for its collection or
the price equivalent of a substitute fuel, which in India is kero-
sene. Policies that enhance the value of labor, such as employ-
ment generation, women's development. education, and mini-
mum wage can therefore alter biomass use. Pricing policies lor
kerosene would also affect the use of hiomass energy,

Kerosene Subsidy in India

Kerosene is highly subsidized in India and is used by low-in-
come and rural households for cooking and illumination. Typi-
cal top-down model analysis usually recommends removal of the
kerosene subsidy because any tux or subsidy is treated by the
madel as a distortion which, if corrected, enhances the gross do-
mestic product. Although the income elasticity of biomass en-
ergy is negative, its elastcity to the price of kerosene is posi-
tive (34). Reduction of the kerosene subsidy would thus increase
biomass use as well as its negative environmental impacts, de-
forestation and indoor air pollution. Both deforestation and n-
door air pollution are detrimental to the quality of life of the poor,
especially women. In this context, the kerosene subsidy is an
environmental and developmental instrument rather than an en-
ergy policy intervention and has a positive impact on GHG miti-
gation,.

Choosing a Development Path

The United Nations Framework Convention on Climate Change
appropriately recommends, and reminds us. in its statemem of
objective that policies for stabilizing GHG concentrations should
enable economic development to proceed in a sustainable man-
ner (1), Choice of a development path has crucial implications
for the Tuture resource use pattern and the energy and GHG
intensities of a nation. In the past, a lop-sided emphasis on eco-
nomic efficiency led to extremely resource-intensive develop-
ment in industrialized countries. This path is now unsustainable,
Most developing countries are prepared 1o make major invest-
ment decisions in the coming decades. They can shift 1o a much
less resource-intensive trajectory by investing in infrastructure
such as rail and communication, renewable resources, location
planning to promote lower logistical costs, education of consums-
ers, and by investing in people, Superior technological and de-
velopmental alternatives provide developing countries with a
window of apportunity for leapfrogging developed countries in
terms of sustainable development.

GHG mutigation studies for developing countries should fo-
cus on analysis of aliernative policies that tranform the devel-
opment pattern rather than incremental and isolated project-level
interventions. Although market dynamics ensure economically
efficient choices, they often reject choices that are superior in
terms of other criteria such as equity, conservation of resources,
preservation of envirenment, biodiversity, and cultural diversity.
Present models need to be adapied so that they include these ad-
ditienal ¢riteria. In their consideration of GHG mitigation strat-
egies, developing countries will benefit by explicitly consider-
ing developmental choices such as investment in education, de-
maographic measures, institutions, infrastructure, employment,
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consumer education, sustainable agriculture, land use planning,
and decentralization.

CONCLUSION

The participation of developing countries in GHG protocol has
global benefits. Numerous low-cost mitigation opportunities exist
in developing countries. New investments in infrastructure and
institutions open a window of opportunity for developing coun-
tries to switch to a development path that is not resource-inten-
sive. The conventional development pattern is both energy and
carbon intensive. Mitigation gains will be substantive if the de-
velopment path chosen for the future is not energy or emission
intensive. For India, conventional development with no carbon
tax and little investment in mitigation will increase carbon cmis-
sions nearly fourfold between 1995 and 2035, In addition to a
carbon tax, other mitigation policies such as investment in in-
frastructure and institutions will be necessary to achieve substan-
tal mitigation. A carbon tax to stabilize India’s emissions at the
1990 level will cause a 14% loss in consumption and a 6% loss
in GNP in the vear 2035. Developmental actions will achieve
similar mitugation at lower costs.

Present mitigation models lack realistic representation of de-

veloping country dynamics. Mitigation policy analysis for de-
veloping countries will improve if activities in the traditional and
informal sectors are accounted for. disequilibrium and distortions
are explicitly treated, traditional biomass energy is included, and
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