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Executive Summary

Countries aspiring towards high economic development these days face, on the one
hand, the accumulated knowledge of the negative impacts of certain developmental
trgjectories while, on the other hand, the conflicting information as to whether the
alternative and, in general, more expensive, developmental trajectories are more feasible.
The ‘mistake optimism’ argument is that avoiding mistakes made by the developed
countries in their economic growth process will be cheaper for the developing countries
in the long term. According to this argument, “developing countries should not go
through the evolutionary process of previous industrialisation, but must rather ‘leap frog’
ahead directly from a state of under-development, through to efficient, environmentally
benign technologies’ (SWCC 1990). The ‘mistake pessimism’ argument is that ‘leap
frogging’ may not always be affordable in the short-term for developing countries, and
that those countries that have benefited from the dirty technologies have been able to
accumulate wealth precisely by cutting corners. This has helped them to reach the stage
of take-off.

Clearly, the vision of leap-frogging ahead is an attractive vision for developing countries
like China and India. Some recent experiences are also promising. For example, China
appears to have successfully de-coupled energy related greenhouse gas emissions from
its national gross development product (Zhang 1999: 55). There are also indications that
if the efficiency of generation, transmission, distribution and end-use can be improved,
the electricity generated could lead to higher industrial output at lower environmental
pollution. China has thus already taken many measures to increase national productivity
while reducing the environmental pressure. In a similar vein, recent measures taken in
the electricity sector in India have also led to reduced emissions. Although this all
sounds very promising, continuing to de-couple emissions from economic growth will
remain a critical challenge for China and India, as it is for many of the industrialised
countries.

Against this background, this research explores the dilemma for China and India in
relation to the electricity problem. It argues that the option for these two countries is to
either adopt a ‘business-as-usual’ approach or to adopt approaches ranging from
alternative development to industria transformation. These options are not easy choices.
At the specific level of electricity generation, the emission reduction options are
certainly not easy given that the choice between nuclear energy, large hydro and coal-
fired plants appear to be choices that are reminiscent of the proverb ‘between the devil
and the deep-blue sea’. The aternative energy choices exist, but the critical issue is to
what extent they can reliably and affordably meet the demands of two such giant
countries. At the specific level of electricity consumption, akey dilemmais that while on
the one hand there are several socio-economic reasons to support small-scale production
units, these units tend to be relatively inefficient, have lower quality products and have
higher greenhouse gas emissions per unit of production. In relation to technology
cooperation, there are occasions where although foreign technologies could help to
increase the efficiency of the plants, they are not economically viable. At the same time,
there are opposite occasions where despite the availability of local good quality
resources and appropriate technologies, technologies are imported. Given that
international pressure to take action to reduce greenhouse gas emissions is gradually
increasing, these countries will need to consider whether they will adopt a defensive or a
constructive, proactive role in the international climate change negotiations and in
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domestic climate change and energy policy. Thus, the overal goal of this project is to
analyse the feasibility of policy options to modernise the electricity sector in China and
India and to stimulate the use of such policy options by the relevant agencies. This will
be done through an integrated approach. The research question is: What are the feasible
policy and technology options to modernise the electricity sector in China and India
taking into account the supply and demand for electricity and given the conflict between
the need for economic growth and the need to anticipate future developments in relation
to the reduction of greenhouse gas emissions?

This project investigates the way in which the demand and supply side of the electricity
sector in China and India might develop. It identifies the potential for using technologies
to modernise electricity generation and end-use sectors. Ultimately the project identifies
themes in which technology co-operation between developed and developing countries
can be most fruitful. The underlying philosophy is that such co-operation will be best
undertaken on the basis of the perceived needs of the key decision makers and stake-
holders in the developing countries.

Chapter 2 of this report describes our research methodology. The integrated methodol-
ogy used in this research is necessary in order to study the multi-disciplinary and com-
plicated issue of the potential of emission reduction in China and India. The project es-
sentially integrates three methodological approaches, a scenario approach, a bottom-up
technology approach and an institutional cum stakeholder approach. These approaches
were combined in an integrated research framework as shown in Figure 1. Following an
initial appraisal of the ‘business-as-usua’ scenario for the electricity sector for both
countries, arange of policy and technology options was identified, as well as their poten-
tial and technical, economic and political feasibility. These options were combined and
compared to the business-as-usual scenario to develop emission reduction scenarios for
China and India and were tested with stakeholders to identify their feasibility and to as-
sess the potential of using instruments at national and international level to facilitate their
implementation.

Chapter 3 analyses the institutional context in China. It concluded that the organisational
and institutional frameworks relevant for the electricity sector are in a state of structural
reform though based on short-term perspectives. The organisations are still only partly
decentralised and there is strong bureaucratic inertia, large vested interests and a lack of
information and communication. It showed that a large number of policies have been de-
veloped to make the supply and demand sectors more efficient. However, although many
policies have been developed the administrative rules, the financia climate and the lack
of financial resources stand in the way of large investments. The reforms towards a mar-
ket economy and the need to deal with local air pollution problems are a driving force
for energy efficiency improvements. However, the current oversupply in many of the
sectors and the non-rational electricity prices prohibits large private investments in en-
ergy efficiency improvements, which depend heavily on foreign investments. There are
only a few foreign investors that want to invest in China under the current setting. Fi-
nally, it argues that local governments do not always support the national government
policy and are not strong enforcers of such policy. They are afraid of the resulting em-
ployment and social unrest as aresult of, for example, closing small, inefficient plants.
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Problem description,
research questions

Literature survey of
current situation and
BAU developments

Rains Asia
model: Inventory of technica and
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Interviews and worksho,

Sdlection of options I

Feld work, interviews,
workshop, lit. survey

Technical assessment
supply side

Technica assessment
demand side

Best Practice Technology
Scenario development

Integrated assessment

Reviews and
workshops

> Win-win
policy options

Figure 1. The integrated research framework based on the three methodological approaches
(Chapter 2).

Chapter 4 analyses the institutional context in India and concludes that the
organisational, institutional, legal, policy and market framework relevant for the
electricity sector is in a state of structural change. At the same time, the changes are
being resisted by the people whose livelihoods are affected and are being hampered by
the constantly changing governments in power in the last decade. This change amidst the
continuity makes it difficult to predict how soon or fast actual change will be visible in
the sector. It also shows that a large number of measures have been taken in the energy
supply side to rationalise the sector, to make it more cost-effective and efficient, which
will help to reduce the greenhouse gas emissions per unit of generation since 1990.
These measures include new laws such as the Coal Beneficiation Rules in 1996, the
amendments to the Indian Electricity Act, the establishment of the Electricity Regulatory
Commissions Ordinance, the Electricity 2000 Bill, the Renewable Energy Bill, policy
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measures like the liberalisation of generation and distribution, the unbundling of the
State Electricity Boards and the liberalisation of the investment rules and banking
regulations. The decision to connect the regional grids will also lead to improvementsin
efficiency of electricity use. There are also a number of measures in the end-use sectors
which include the liberalisation of the cement, aluminium and iron and steel sectors, the
de-licensing rules, the modified pricing policy, the establishment of management
information systems, conservation and environmental guidelines, the possible adoption
of the Energy Conservation Bill, and the promotion of cogeneration. This indicates
major structural upheaval in the consuming sector. The increasing desire of large scale
industry to conform to 1SO standards and the pressure from the consumers means that in
this sector too the efficiency of electricity use is being actively promoted and this will
have an impact on greenhouse gas emissions. The chapter also presented some of the key
concerns in rural eectrification and argued that although non-grid renewable electricity
may be competitive in remote rural areas it may not be affordable. The development of
the rural areas may lead to an inevitable increase in electricity: the challenge is to find
affordable ways of developing an environmentally and economically viable source of
electricity. The driving force for efficiency improvements in India is the process of
liberalisation and the need to take local and regional pollutants into account.

Chapter 5 investigates Business-as-Usua (BAU) trends in electricity use and associated
emissions of air pollutants. To this end, it uses the RAINS-Asia 2000 BAU scenario
(Boudri et al. 2000a; TERI et a. 1999), and interprets its data in such away that the sce-
nario can be used as a starting point for the analysis of options to reduce greenhouse
gases. From our analysis of the BAU scenario for the period 1990-2020, we can draw the
following conclusions. For China, the BAU scenario assumes a 30% growth of popula-
tion and a 7.5-fold increase in GDP, while total primary energy demand is expected to
increase by 125%. As aresult of this energy-related emissions of CO, are by 2020 calcu-
lated to be more than twice the 1990 level. Emissions from the power sector contribute
by about 30% to total greenhouse gas emissions. The total greenhouse gas emissions
from electricity production are calculated to increase from 510 Mton CO,-equivalentsin
1990 to 1554 Mton CO,-equivalentsin 2020. More than 90% of these emissions are CO,
emissions, while CH4 and N,O contribute less than 10%. Emissions of greenhouse gases
from the power sector increase by a factor of three, while total electricity production in-
creases by a factor of five, illustrating that total emissions per unit of electricity are ex-
pected to decrease considerably over time.

For India, the BAU scenario assumes a more than 50% growth of population and a 5.8-
fold increase in GDP, while total primary energy demand is expected to increase by
150%. As aresult of this, energy-related emissions of CO, are calculated to be more than
three times the 1990 level by 2020. Emissions from the power sector contribute by about
40% to total greenhouse gas emissions. The total greenhouse gas emissions from
electricity production are calculated to increase from 256 Mton CO,-equivalents to 978
Mton CO.-equivalents. Like for China, more than 90% of these emissions are CO;
emissions, while CH4 and N,O contribute less than 10%. Emissions of greenhouse gases
from the power sector increase by a factor of four between 1990 and 2020, while total
electricity production increases by a factor of five, illustrating that total emissions per
unit of electricity are expected to decrease considerably over time.

Chapter 6 examines the Best Practice Technology options in the end-use sectors. In the
end-use energy efficiency study, we saw that many technical options exist in various
demand sectors. Generally, it isimportant to close down plants with old technologies, or
retrofit them if closure is not possible for institutional reasons, to use the newest
technol ogies when capacity addition or new construction takes place, to increase the use
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of energy efficient lighting and appliances and, to improve electrica motors/pumps and
increase the share of cogeneration in the cross-cutting sectors. To a limited extent, these
options are expected to be adopted under the BAU scenario, since both China and India
have shown significant progress in the period before 2000. Maximum potential energy
savings on top of the BAU scenario are around 30% for 2020 for both countries. Various
barriers to implementation exist, such as financial, institutional (including knowledge
and technology availability), and geographical bottlenecks (see Chapter and 8).

Chapter 7 analyses the potential effect of a number of strategies to reduce emissions of
greenhouse gases (CO,, CH,4 and N,O) and sulphur dioxide from the power sector in
China and India (see Table 1). From our anaysis we may draw the following
conclusions with respect to emissions of greenhouse gases. For China, we calculated that
the options analysed may reduce 2020 emissions of air pollutants relative to the BAU
scenario between 1 and 43%. The options that have the largest potential in reducing
emissions include end-use efficiency improvement (43% lower than BAU), replacement
of coal by renewables (23%) and natural gas (11%). Reducing electricity losses during
transmission and distribution would reduce emissions by 7% and efficiency
improvement of power plants by 9%. Closing small power plants has a small effect on
emissions (1%), as does replacement of coal by nuclear power (2%). For increased
cogeneration we calculate an emission reduction of 2%, but it should be noted that this
estimate may underestimate the total potential for cogeneration, as discussed in Chapter
6. For India, the reduction options are calculated to reduce emissions in 2020 relative to
the BAU scenario by 4 to 45% for greenhouse gases. The options with relatively large
emission reduction potentials include end-use efficiency improvement (45% lower than
BAU), replacement of coal by renewables (14%) and natural gas (14%) and efficiency
improvement of power plants (9%). Emission reductions are also calculated for
improved transmission and distribution of electricity (6%), and replacing coal by nuclear
power (6%). Increased cogeneration is caculated to have a moderate effects on
emissions from the electricity sector (4%) but it should be noted that this estimate may
underestimate the total potential for cogeneration, as discussed in Chapter 6.

Table1l. The potential to reduce emissions CO,, CH4 and N,O (GHG) and SO, from the power sec-
tor in China and India in 2020, by selected Best Practice Technology options relative to the
Business-as-Usual scenario.

Best Practice Technology Option Reduction in 2020 GHG emis-
sions (% relative to BAU)
China India

End-use efficiency improvement (EEI) in

- cement, iron & steel, aluminium industry 4 3

- other industrial sectors 25 14

- residential sector 8 12

- commerce 5 11

- agriculture 1 5
Totd EEI 43 45
Replacement of coal by renewables (REN) 23 14
Replacement of coa by natura gas (GAS low, no cogen) 11 14
Replacement of coal by nuclear power (NUC) 2 6
Closing Small power plants (CSP) 1 -
Efficiency improvement in power plants (EFF) 9 9
Increased use of cogeneration (COG-coal) 2 4
Reduction of losses during transmission and distribution (T& D) 7 6

[Note that the effects of the various options cannot be added in a straightforward way.]



The options that have the largest technical potential to reduce emissions, are not neces-
sarily viewed by stakeholders as the most promising options for modernising the
electricity sector, as discussed in Chapter 8. Chapter 8 concludes that there is no shortage
of ideas and policies to deal with the issue of energy policy and efficiency. However,
there is lack of public support for these ideas (because it is not solicited in China), and
there is an ingtitutional inertia that makes it difficult for governments and society to
adapt to the changing circumstances. Table 2 and 3 identify the political and economic
feasibility of institutional and technological options for slowing the rate of growth of
greenhouse gas emissions for China and India respectively. These are based on
interviews and workshops with stakeholders (see Acknowledgements for details).

Table 2.

duce the rate of growth of greenhouse gas emissions. China.

Identifying the political and economic feasibility of technological and other options to re-

Options

Barriers

Existing support

Policies to improve
feasibility of the option

1. Rationalise pricing System of cross - Industry, commerce | - Support for rationa
subsidies; will support such pricing combined
Variable tariffs for changes because it with price support/
different sectors; may reduce costs ration system for
High pricesfor ru- and increase profits the poorest sectors
ral households; for them; of society;
- Domestic political
will;
- Support from inter-
national commu-
nity;
- Article2 of the
Kyoto Protocol;
2. Improve legitimacy The government - Inprinciplethe - Todevelop astep-
of decision-making and decentralises and Government wants by-step approach to
reduce the implementa- centralises out of a peaceful trangition decentralisation in
tion deficit the angst of losing and does not want which good rela-

control, this does
not make the role of
centre and state
clear; this com-
pounds the problem
of institutional iner-
tia;

The stakeholders
and provinces are
not actively in-
volved in the deci-
sion-making proc-
ess; but as China
liberalises the sup-
port of these stake-
holdersis necessary
for policy and law
implementation;
Vested interests
want large fossil-
fuel, nuclear and
hydro projects; but
there may be latent
social opposition

to shake society by
sudden changes;
Government wants
large projects and
no retrofitting espe-
cialy because cur-
rent electricity sup-
ply is higher than
demand; large pro-
jects can be con-
trolled or directed
by the state;

tions between the
centre and stete are
fostered;

To develop a step-
by step approach to
involve stake-
holders and prov-
inces so that tailor-
made, not uniform
policies for differ-
ent regions can be
made;

To develop a step-
by-step approach to
monitor and enforce
legidation;

To trandate this
into guidelines for
CDM projectsin
electricity;




Options

Barriers

Existing support

Policies to improve
feasibility of the option

3. Improving the trang -
tion from state owned
to corporatised bodies
and privatisation

The bulk of the
electricity produc-
ersand distributors
and large end-users
were state entities;
the transition to pri-
vatisation is proving
difficult;

The process of de-
veloping power
purchase agree-
ments not well de-
vel oped;

The domestic pri-
vate sector is till in
anascent stage and
hasto learn the
rules of privatisa-
tion;

The government is
also trying to find a
peaceful and grad-
ual method to en-
courage privatisa
tion;

Companies do not
have much equity,
SO securing loans is
difficult especially
asthe financid
market is aso try-
ing to liberalise;

Government sup-
port for privatisa-
tion;

Growing awareness
of therisks of fast
privatisation;
Awareness of risks
of increasing unem-
ployment as aresult
of privatisation;

- Separate generators
from distributors;

- Create power ‘pur-
chasing pools' and
support existing ex-
perimentsin the
field;

- Develop aframe-
work for the priva-
tisation process on
the basis of the ex-
isting challenges
faced;

- Reducethe red tape
and the need for
many licenses (sim-
plified investment
procedures), instead
encourage transpar-
ency and the public
and press can moni-
tor developments,

- Makesmplerules
for loans to starting
companies

4. End-use efficiency

improvement (EEI)

a Cement

b. Ironand steel

c.  Aluminium

d. Households and
commercid
equipment;

e. Motorsand drives

Inadequate informa-
tion and high cost
of technology and
inputs for small-
scale industry;
resistance to closure
from small industry;

. capital shortage; dip

in international
market; lack of
scrap; institutional
inertia;

. lack of resourcesin

small-scale sector;
difficultiesin cor-
poratisation proc-
oS

. cost of equipment

to households and
COMMErCe;

. |lack of information

and the price of
V SD; tendency to

Technologies avail-
ableinternationaly;
and large scale sec-
tor supports mod-
ernisation; govern-
ment policy to close
down small produc-
€rs,

. Technologies avail-

able nationally and
internationally;
Government sup-
port for increasing
quality of steel and
not quantity; clo-
sure of small plants;

. Government sup-

port for closure of
small plants;

. Technologies and

products available
domegticdly;

4

For all options:

- rulesfor participa-
tionin CDM and
technology transfer;

- guidelinesto sup-
port small-scale
projects; plants and
products via subsi-
dies’ GEF/CDM




Options

Barriers

Existing support

Policies to improve
feasibility of the option

rewind motors
rather than buy new
motors

6. Fuel switch (REN,

a. (Latent) socid, en-

a. Strong political

a. Explore options for

NUC, GAS) vironmenta and will; small hydroin large
a. Largehydro seismic risks; b. Technical potentia hydro regionsin an-
b. Small hydro b. Technica difficul- c. Largetechnical po- ticipation of major
c. Wind ties, tential and political potential social

d. Gas c. Cost of wind will; problemsin the fu-

e. Nuclear power; difficulty of | d. Internationa inter- ture;

f. Biomass storing wind en- est and willingness | b. Develop start subsi-
ergy; difficultiesin to invest in modern diesfor small hy-
transmitting from technologies, dro;
wind rich towind e. Poalitical will high; c.
poor aress, low risk perception | d. Explore opportuni-

d. Location of loca of social and envi- tiesto replace coal
gas resources; aging ronmental risks; by available gas
gaspipes; distance | f. Availability of bio- | e. Explore opportuni-
from demand; costs mass and potential ties (to take into ac-
of generation; g. Some solar pro- count nuclear waste

e. Lack of technology grammes encour- and risks)
and capital; (latent) aged f. Make focused bio-
socia and environ- mass policies
mental risks; For al options:

f. Lack of awareness; - Develop rulesfor

g. High costs inclusion and exclu-

sion for GEF/ CDM
projects on the basis
of above discussion;
g. Develop gtart sub-
sidies for solar.

7. Efficiency Im- a. Lack of resourcesin | a. Political support for | - Develop rules for

provement in coal the few remaining closing small CDM and for exigt-

plants (EFF) small plants; plants; some sup- ing investments of

a. Existing plants
b. New plants (IGCC,

b. Joint venturere-
strictions and lack

port for retrofitting
large plants as long

the World Bank,
ADB and make dif-

super critical boil- of capital; foreign as supply exceeds ferent baselines for
ers) technologies not demand the two options,
forthcoming, ingp- | b. Political support for
propriate or expen- efficient coa tech-
sive nologies and IGCC.
8. Increasing - Difficulty insdlling | - Increasinggovern- | - Simplerulesfor
Cogeneration (COG) to grid, administra- ment support; power purchase
tiveinertia; agreements,
- Lack of knowledge - Recommendations
in some sectors; for CDM/ GEF.
9. Reduction of techni- | - Lack of capital; - Technologiesavail- | - Recommendations
cal lossesin transmis- - A number of remote able in domestic for GEF and tech-

sion and distribution
(T&D)

rural areasto be
connected to the
grid

and international
market;

- Pdlitical willing-
NEss,

nology cooperation;
- Explore non-central
grid options;




Table 3.

duce the rate of growth of greenhouse gas emissions. India

Identifying the political and economic feasibility of technological and other options to re-

Options Barriers Existing support Policies to improve
feasibility of the option
1. Decrease economic | - Lossof bribesfor - Technology is - Tamper-proof me-
distribution losses the billers, lines- available; tersto profit mak-
(theft): Billing, meter- men, metrereaders; | - Political will is ing local distribu-
ing, and collection - Cost of tamper- visible; tion centres; and/or

proof and/or remote
control meters;

- Remote metering in
combination with
demanding ac-
countability from
the distribution cen-
tres

2. Rationalise power - social resistance - industry, commerce | - Support for rational
pricing from agriculture and railways will pricing combined
and households; support such with price support/
- incentiveto in- changes because it ration system for
crease electricity may reduce costs the poorest sectors
theft; and increase profits of society
- populism policy of for them; - Convince agricul-
politicians - support frominter- ture and households
national commu- that the quality of
nity; supply will improve
- Article 2 of the and they will save
Kyoto Protocol; on voltage stabilis-
ers, diesel genera-
tors, mechanical
failure and loss of
income and comfort
because of power
shortage.
3. Improving economic | - Vested interests - Redisationat Plan- | - Totrandate this

efficiency in govern-
ment spending

want large fossil-
fuel and hydro pro-
jects,

- Foreigninvestors
want to promote
technology transfer
on the basis of their
interests

ning Commission
and Parliamentary
level that itis
cheapest to retrofit
existing plants and
use the savings for
state of the art
plants;

- Social and political
support for renew-
ables,

into guidelines for
CDM projectsin
electricity;

- Todemand trans-
parency in making
and contracts with
large companies,

4. Reducing other bot-
tlenecksin investing in
energy efficient tech-
nologies: improving the
financial health of the
SEBs, accountability in
government, and
through corporatisa-
tion, privatisation, and
other means; cheaper
loans;

- Theélectricity
boards and some
public sector under-
takings were bank-
rupt and could not
invest in energy ef-
ficiency and opera-
tion and mainte-
nance; it was diffi-
cult to evaluate
their value when
they were priva-
tised;

- Lossof employ-

- Political will to-
wards privatisation;

- Growing awareness
of therisks and
challenges of priva-
tisation;

- Liberalisation pro-
vides incentive for
reducing interest
rates on loans and
investing in energy
efficient technolo-
gies,

- By developing rules
for evaluating a
formally bankrupt
company and for
the bidding process,
or send a dedicated
team to rebuild the
organisation on
commercial terms
combined with rules
of accountability;

- Simplify the power
purchase rules but
do not go out of the
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Options Barriers Existing support Policies to improve
feasibility of the option
ment for laid off way to get the elec-
workers; tricity; For exam-

- Private companies ple, wind power in-
were not interested vestors should in-
in low revenue sec- vestin linesto the
tors (e.g. coa wash- grid and not the
ing; distribution to other way around.
rural consumers;)

- Private sector wants
guarantees that
electricity is pur-
chased from them
and Government
does not want to
give counter-
guarantees.

- Loans and technal-
ogy expensive,

- Power purchase
agreements diffi-
cult, bureaucratic
red tape;

6. End-use efficiency 6. 6. 6.

improvement (EEI) a. Inadequate a. expected economic | -  revisit the policies

a. Cement information and growth with in- for the small-scale

b. Ironand sted high cost of creasing demand; sectors and encour-

¢.  Aluminium technology and technologies avail- age energy effi-

d. Water pumps inputs for small- able and accessible ciency through in-

e. Households and scale industry; for large-scale sec- centives,
commercia b. Current capital tor; motivates sec- - rulesfor participa-
equipment; shortage; dipinin- tor; small-scale sec- tionin CDM and

f.  Motors and drives

ternational market;
lack of scrap; insti-
tutional inertia; cap-
tive generation;

ao

lack of regular tim-
ing and quality of
supply; cost of
technology; subsidy
on electricity;

e. costs of equip-
ment; low electric-
ity prices and theft

f. lack of incentives

in small-scale units

and poor quality
electricity

tor facing pressure
from market;

b. liberalisation, pri-
vatisation, company
self-image and ex-
port demand;

Qo0

farmers want qual-

ity power;

e. high cost of energy
to commercial sec-
tor and industry;

f. -

technology transfer;
- guidelinesto sup-
port small-scale
projects; plants and
products via subsi-
dies/ GEF/CDM/

7. Fuel switch (REN,
NUC, GAS)

Large hydro
Small hydro
Wind

Gas

Nuclear
Biomass

P o0 oTR

a. Socia, environ-
mental and seismic
risks; long gestation
time

b. Few entrepreneurs
willing to take on
thiskind of project;
lack of political

a. Hugetechnical po-
tential availablein
North-East Indig;

some political inter-
est;

b. Potential in the Hi-
malayas,

c. Political support

a. Explore options for
small hydroin large
hydro regions;

b. Develop start subsi-
dies for small hy-
dro;

c. Link subsidiesto
generation not ca-




Options Barriers Existing support Policies to improve
feasibility of the option
g. Solar support and investors avail- pacity and then
c. Subsidieslinked to able; phase out subsidies,
generation capacity | d. International inter- | d. Explore opportuni-
encouraged do-it- est and willingness tiesto import re-
yourself people who toinvest in modern gionally available
made migtakes; technologies gas
d. Limited domestic e. Politicians argue e. Examine the safety
gas available; high that this may be and waste issue
cost of imported gas necessary; carefully;
and limitationsbe- | f. Some programmes | f. Increase incentives,
cause of regional in place g. Develop start subsi-
peace politics;isa | g. Some programmes diesfor solar.
lock-in technol ogy; encouraged through
e. Socia and envi- policy For al options
ronmental risks; 7 Develop rulesfor
costs high if waste inclusion and exclu-
disposal istaken sion for GEF/ CDM
into account; isa projects on the basis
lock-in technology; of above discussion;
f. Lack of incentives
g. High costs
8. Efficiency Im- a. Lack of resourcesat | a. Political support for | - Develop rules for
provement in coal the State Electricity retrofitting existing CDM and for exig-
plants (EFF) Boards and disin- plants; see point 3 ing investments of
a. Exigting plants terest in captive above; policy on the World Bank,
b. New plants (IGCC, power plants; power purchase ADB and make dif-
super critical boil- | b. Lack of capital for agreements, ferent baselines for
ers) modern state of the | b. Political support for the two options,

art technologies and
lack of investors;
poor quality of coal

super critical boilers
and IGCC.

9. Increasing Cogene-
ration (COG)

- Lack of support
through PPAS (see
point 5);

- Lack of knowledge
in some sectors;

- Lack of payment by
distribution sector;

- Increasing govern-
ment support;

- Support in sugar
sector

- Simplerulesfor
PPA; and regular
payments by SEBS,

- Recommendations
for CDM/ GEF.

10. Reduction of tech-
nical lossesin trans-
mission and distribu-
tion (T&D)

- Lack of investment
and loans expen-
sive;

- Separate grids

- Technologies avail-
ablein domestic
and international
market;

- Political willingness
to integrate grids

- Liberaisethe bank-
ing sector to reduce
interest rates (also
necessary for other
options);

- Recommendations
for GEF and tech-
nology cooperation.

Table 4 combines information from the previous chapters and the stakeholder views to
indicate the (lack of) gap between the technical feasibility of reducing emissions and the
priorities of society in reducing emissions.



Table 4. Feasihility of options.

Options

Technical
potential to reduce emis-
sions

Stakeholder
priority China

Stakeholder priority
India

Rationalise pricing

Indirectly high, since this
helps to yield savings that
can be used for reinvesting
in energy efficiency

High for govern-
ment

High for government,
industry and com-
merce

Improve legitimacy of de-  Indirect high, by improv- High for stake- Although important,
cison-making and reduce  ing theimplementation of  holders; buttobe  not akey issue from
the implementation deficit ~ government policy implemented step  thisresearch

by step
Improving the transition Indirect high, by improv- High for govern- High
from state owned to corpo-  ing accountability and ment and industry
ratised bodies and privati-  profitsand increasing re-
sation; improving account-  sources for investment in
ability and the financial energy efficiency
health of utilities
Decrease distribution Indirect high, by increas- N/A High
losses from theft ing the revenues that can

be reinvested in energy ef-
ficient technologies

Improve economic effi- Indirect high, by focusing  N/A; possibly an  High; hence the need
ciency in government resourcesin an economic  important issue; to focus on retrofit-
spending way on electricity sectors  but did not ting

emerge as such
End-use efficiency im- Very high Low Low in small scale
provement (EEI) sectors
Replacement of cod by High Large hydro high, Large hydro
renewables (REN) other controversia, other

renewables low renewables high
Replacement of coal by High High Low
natural gas (GAS Iow, no
cogen)
Replacement of cod by Low For government Controversial
nuclear power (NUC) high
Closing Small power plants Low For government Low
(CSP) high
Efficiency improvementin ~ High Low High
power plants (EFF)
Increased use of cogenera- Low Low Although seen asim-
tion (COG-coadl) portant, policies are

slow

Reduction of lossesduring  Medium Low High

transmission and distribu-
tion (T&D)

Note: The technical potential evaluated as high, low, etc. are derived from the quantitative analysis

done in Chapter 7.

The above table reveals that:

- For China, the end-use energy efficiency improvement option, the efficiency im-
provement in power plants option and the (technical) losses in transmission and dis-
tribution have very high technical potential to reduce emissions. The government
may wish to give these options due consideration and see if they cannot be priori-
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tised given their high potential for reducing emissions and their relatively non-
controversia nature.

- For India, energy efficiency improvement in the end-use sector could benefit from
greater prioritisation.

- Sincegasisacleaner source of energy, the government may wish to examine the po-
tential of better social relations with its neighbouring countries.

Chapter 9 develops four “Best Practice Technology” scenarios for emissions from the
power sector in 2020. These scenarios illustrate the combined technica potential of se-
lected options to reduce emissions, and vary in their extent to which possible economic
and political limitations are accounted for. From our analysis, we can draw the following
conclusions. First, as with many of the developed countries in the world, it is technically
possible for China and India to reduce their greenhouse gas emissions very substantially
by adopting a highly energy efficient and renewable energy pathway (scenario BPT4).
This scenario, however, must be considered unrealistic because it completely ignores the
practical, economic and political feasibility of reduction options. Given that most devel-
oped countries themselves find such a pathway too expensive for them, it is arguably in-
conceivable that Chinaand India could adopt new technologies to the extent typically as-
sumed in theoretical maximum emission reduction scenarios. Second, our calculations of
three different scenarios (BPT1, BPT 2 and BPT 3) for emissions in the year 2020 indi-
cate that there are many different strategies for realising relatively large emissions reduc-
tions (to about half the level of the BAU scenario by 2020) for China and India. In each
strategy we focus on different combinations of policies and we show that in the medium-
term there are several possibilities for achieving emission reductions. Third, one of the
most promising combinations of policies is reflected in the Mixed Options Scenario
(BPT 1). This scenario includes reduction options that have a relatively large technical
potential and are given priority by stakeholders and are in general non-controversial in
one or the other country. One of the most promising options is energy efficiency im-
provement in the end-use sectors, which is calculated to have a considerable technical
potential to reduce emissions (see Chapters 6 and 7) and which appears to get an increas-
ing degree of priority in India, but less so in China (see Chapter 8). Fourth, we find that
even in scenarios reflecting ambitious assumptions on energy efficiency improvement
and fuel switch, a substantial portion of the electricity in Chinaand Indiain 2020 is gen-
erated from coal fired power plants. Feasible options for end-use efficiency improvement
combined with feasible fuel switch options may not be sufficient to avoid building new
coal-fired plants after the year 2000.
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Emissions of CO,, CH, and N,O from power sector in China in 1990 and 2020
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Emissions of CO,, CH, and N,O from power sector in India in 1990 and 2020
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Figure2. Emissions of CO,, CH4 and N,O from the power sector in China and India in 2020. Emis-
sions of greenhouse gases (CO,, CH, and N,O). Results are shown for 1990 and for 2020
for the Business-as-Usual scenario (BAU) and for the Best Practice Technology scenar-
ios: BPT1 (“ Mixed Options’ ), BPT2 (“ Efficiency Improvement” ), BPT3 (“ Fuel Switch”)
and BPT4 (“ Theoretical Maximum').
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Chapters 10 and 11 examine the perspectives of the two countries in relation to the cli-
mate change politics and relations and in particular in relation to the flexible mecha
nisms.

The report concludes that:

Climate change is not a critical priority for China and India as it competes with other
more urgent iSsues.

As long as the governments do not have a complete statistical picture of their emis-
sions and sinks, and until the transition process stabilises, they are unlikely to wish to
take on any quantitative commitments under the international climate change regime.
However, the measures taken since 1990 are likely to lead to greater electricity effi-
ciency and increased investments in renewables, which in turn would result in the
reduction of greenhouse gas emissions. This shows that both countries are now de-
coupling their emissions from their output. Our study shows that for both countries,
in fact, the energy (but not necessarily electricity) consumption per tonne of product
in the end-use sectors has reduced significantly between 1990 and 2000. The Busi-
ness-as-usual (BAU) (2000) scenarios used in this project are aso lower than earlier
versions, indicating that the projections made by researchers about the future had to
be revised. Although there may be other reasons for these downwards revisions, they
are in line with the adoption of these policies. Thus although the countries are un-
willing de jure to take on commitments, they are de facto making progress. The driv-
ing forces behind such decoupling are liberaization and the increasing pressure to
address local pollution.

The Business-As-Usua scenario for the electricity sector shows that emissions of
greenhouse gases from the power sector in China and India are calculated to increase
by afactor of three to four respectively between 1990 and 2020 in the BAU scenario,
while total electricity production increases by a factor of five, illustrating that total
emissions per unit of electricity are expected to decrease considerably over time.

The maximum potential energy savings on top of the energy savings aready in-
cluded in the BAU scenario is around 30% for the two countries in 2020. This im-
plies a reduction in the rate of growth of demand for electricity which means that a
total reduction of up to 45% of greenhouse gas and sulphur dioxide emissions rela-
tive to the BAU scenario is possible by making maximum use of the possibilities to
improve energy efficiency in the end-use sector.

We identified a range of options to reduce emissions of greenhouse gases (CO,, CH,4
and N,0O) and sulphur dioxide from the power sector in China and India. Our analy-
sis indicates that the technical potentials of these options to reduce emissions range
between 1 and 45% relative to the BAU emissionsin 2020. Relatively large emission
reductions were calculated for efficiency improvement (both in the end-use and in
electricity production sector) and fuel switch to renewables or natural gas.

Our analysis of the effect of combinations of reduction technologies in “Best Prac-
tice Technology” scenarios indicates the following: (a) The theoretical maximum po-
tential to reduce emissions by 2020 is very large, but it is unrealistic to assume that
achieving this potential is feasible. The feasibility of ambituous options could, how-
ever, increase if the developed countries adopted a transition towards highly efficient
and renewable eectricity sectors (away from fossil fuels); (b) There are different
strategies for China and India that may result in relatively large emission reductions
(to about half the 2020 BAU level) that are more feasible than the theoretical maxi-
mum potential. Strategies focusing on efficiency improvement may be as effective in
reducing emissions as strategies focusing on fuel switch. (c) End-use efficiency im-
provement may be one of the most effective ways to reduce emissions in China and

XXV



India. However, mobilising all organised and unorganised sectors can be challeng-
ing; (d) We envisaged that part of the electricity in China and India used in 2020 is
from coal fired power plants, because feasible options to reduce coa use are not suf-
ficient to avoid building of new coal-fired power plants. This may be a reason to in-
clude clean coal technologiesin climate policy for the coming decades.

- Although some measures have a high technical potential for reducing greenhouse gas
emissions in both countries, these are not seen as particularly feasible by the stake-
holders (see Table 4). For example, end-use efficiency has a very high technical
emission to reduce emissions but is not given much priority in China and India (es-
pecialy in the small-scale sector). Efficiency improvement in power plants and in
transmission and distribution can also yield results in terms of emission reductions
but are not seen as important in China.

- The implementation of policy options depends to a large extent on foreign invest-
ment and help. However, in the last decade both countries have had only partia suc-
cess in accessing foreign assistance and investment and foreign companies claim that
they have had to cope with bureaucratic problems and political risks. Both countries
are also not very satisfied with the extent of technology cooperation offered under
the climate change regime. Thus far very few climate change projects have been de-
veloped in both countries and the experiences are limited though stakeholders have
not been able to formulate conditions for accepting projects.

Strategic | ssues:
For the National Gover nments

The governments of China and India may wish to take the following strategic issues into
account, especialy if they wish to take a proactive approach in relation to the
international climate change negotiations and to the enormous pressure on them to
demonstrate their willingness to participate meaningfully in international negotiations.

- Publicrdations: Firgt, if they wish to relieve the pressure on themselves, they may
want to develop an international public awareness campaign of how much de facto is
being undertaken within their countries, and to explain why de jure, it is not a re-
sponsible undertaking to accept quantitative commitments during the period of trans-
formation.

- Stakeholder consultation on industrial transformation: Second, if the govern-
ments wish to proactively carve out a sustainable development trajectory for them-
selves, they may consider engaging in discussions with domestic and foreign experts
from ENGOs, business, government and international organisations who are willing
to openly discuss, without being dogmatic about ideological concerns, what steps can
lead to industrial and institutional transformation that is compatible with financial,
economic, ecologic and socia gain for the society. This means that at an abstract
level, the governments may wish to revisit the modernisation processes in their coun-
tries and see if that will lead to the changes needed. Our research shows that there are
significant opportunities for modernisation that can yield a number of side-benefits.
The best practice technology scenarios indicates that emissions can technically be
reduced by more than 50% of the BAU scenario. This calls for more active discus-
sion on how feasible these options are and whether the two countries are in a position
to leap-frog to modern technologies or not and under what conditions. We have
made an attempt at analysing the key bottlenecks and opportunities for each of these
options, and broad based social discussions of such options may increase their politi-
cal and practical feasibility. Our research concludes that the end-use options are
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for the coming twenty years as important as the supply side options. This im-
plies that both governments may need to establish strong, empowered institu-
tional structure to provide sector specific policies, standards and incentives to
encourage the adoption of appropriate energy efficient technologies. This also
implies, that both governments may benefit from engaging in and encouraging the
development of scenariosin relation to the supply and demand side for the future and
how the countries could develop in relation to different conditions. Such scenarios
could be based on visions of sustainable development and the way these countries
perceive themselves in the context of the global environment. They could also be the
result of back casting from a desirable future to analyse what kinds of steps need to
be taken now in order to reach the desirable future.
- Domestic policy: Third, at a more specific level, our analysis shows that if China
and India would like to accelerate development in the electricity sector, they may
wish to adopt the following measures:
= For Ching, this includes (a) support for rationa pricing system and gradual re-
moval of subsidies coupled with price support for the poorest people; (b) devel-
oping a step-by-step approach to decentralisation, involvement of provinces and
stakeholders in decision-making to develop tailor made policies for each prov-
ince as opposed to uniform policies with a system for monitoring and enforce-
ment. In relation to increasing the accountability of generators, transmitors and
distributors, this means that the government needs to (c) separate power genera-
tors from distributors and make simple rules for power purchase agreements; (d)
develop simple rules for companies experimenting with corporatisation and pri-
vatisation; and encourage transparency so that the press and public can monitor
developments. In relation to fuel-switch, (€) policies to promote short-term start
subsidies for small-scale renewables need to be promoted. (f) There is need to
examine the natural gas alternative in greater detail but taking into account the
long-term technological lock-in aspects. (g) Taking into account the risk issues
and the nuclear waste issue, the government may wish to re-examine the feasibil-
ity of nuclear power. (h) It may also be important to explore the potential for
small hydro in place of large hydro as a way to anticipate and prevent future
problems with respect to large hydro. (i) The government may wish to prepare a
list of priority areas for technology cooperation. Our research indicates that
stakehol ders have identified the following technologies as critical in the follow-
ing sectors. cement (pre-calciner, preheater cement plants, roller press and roller
grinders), iron and steel (improved steel casting), aluminium (pre-baked anodes),
motors and drives (large-scale high efficiency motors and drives, variable speed
drives), renewables (wind turbines), gas (modern gas technologies), nuclear (safe
and advanced technologies),! biomass (cheap and appropriate biomass gasifica-
tion; combined hybrid systems), solar (cells, etc.), efficiency improvement in
coal plants (retrofitting technologies, coa gasification, IGCC, super critical boil-
ers), cogeneration technologies, transmission and distribution and desul phurisa-
tion technologies (technologies for coa washing). A previous list submitted by
China to the second Conference of the Parties may wish to take these items into
account.

= For India, the range of policy measures includes. (8) Promotion of tamper-proof/
remote control power metering along with accountable/ profit making local
power distribution centres to guarantee collection of accurate electricity dues; (b)

! This does not mean that this research promotes nuclear technologies, we are merely reflecting

what the stakeholders communicated to us during the interviews.
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spport for rational power pricing combined with price support for the poorest in
society and subsidies for renewable energy; (c) a public relations campaign to
convince agriculture and households that the price increase in power will be ac-
companied with better quality of services making voltage stabilisers, inverters,
diesel generators, loss of income and comfort a problem of the past. (d) The gov-
ernment may wish to make guidelines as to when the privatisation process is
really necessary and economically viable such that it does not lead to a devalua-
tion of government resources, to a concentration of private projects in lucrative
areas leaving government with the non-economically viable areas, and only
when it is necessary to improve the functioning of the company. (€) It may also
be useful to develop policies to ensure that contracts with large investors in criti-
cal areas are subject to public scrutiny so that corruption in contracts is mini-
mised. In the area of fuel-switching, (f) the government may wish to further de-
velop short-term start subsidies for small renewables (in accordance with the
goals set out in the new renewable energy hill); (g) examine the gas aternative in
greater detail but taking into account the long-term technological lock-in aspects,
(h) take into account the risk issues and the nuclear waste issue in revisiting the
feasibility of nuclear power, (i) explore the potential for small hydro in place of
large hydro as a way to anticipate and prevent future problems with respect to
large hydro.

Technologies needed: Fourth, if the governments of China and India wish to access
new and modern technologies, they may wish to develop a menu of choices for the
projects that need priority in technology transfer accompanied with concessions
(GEF/CDM/bilateral aid/ technology transfer at concessional terms). Interviewees
and the research indicate that the following technologies could be of use in the fol-
lowing sectors: cement (technologies for the small-scale sector), iron and steel (im-
proved steel casting, EAF), auminium, motors and drives (large-scale high effi-
ciency motors and variable speed drives), renewables (wind turbines), gas (modern
gas technologies), biomass (cheap and appropriate biomass gasification; combined
hybrid systems), solar (cells, etc.), efficiency improvement in coa plants (retrofitting
technologies, IGCC, super critical boilers; high conversion efficiency technologies;
better combustion technologies for high ash content coal), cogeneration technolo-
gies, transmission and distribution and desulphurisation technologies (technologies
for coal washing).

Encouraging foreign investments: Although both countries are already exploring a
number of policy options, many of these options may remain merely on paper since
the resources are limited. If both countries believe that they need financial support
and investment in order to make the transition to a greenhouse friendly world, they
can invite foreign investment through a ssmple legal framework requiring limited li-
cense and a foreign investment code that states that contracts will be honoured as
long as there is no corruption involved and procedures are followed and afair system
of repatriation of funds. They may wish to protect themselves from foreign invest-
ment by (@) examining the foreign debt potential and the capital investment implica-
tions for financing foreign imports as a criteria in advance; (b) preparing a national
technology cooperation policy so that the technologies bought fit in within the long-
term development plans of the country; (¢) scrutinising the costs and benefits for host
government/investor and allowing public scrutiny of projects, (d) checking the skills
needed for operating the technology and whether it is available in the country or is
part of the investment package, (€) checking that the projects are compatible with lo-
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cal resources and customs and (f) checking the degree of maintenance and operation
needed and whether thisis possible under the circumstances.

Low stakeholder priority but high technical feasibility options: If both countries
wish to optimise electricity generation and consumption, they may wish to re-
examine the following relatively non-controversial options for their high GHG emis-
sion reduction potential and also because these options can be relatively cheap.
China tends to focus on fuel switch rather than on energy efficiency improvement.
However, efficiency improvement may have a large potential to reduce emissionsin
China. It may be relevant for China to re-consider the importance of the energy effi-
ciency improvement in end-use sectors, energy efficiency improvement in existing
coal-fired plants and reducing technical losses in transmission and distribution. Our
calculations indicate that a combination of these three options for China could poten-
tially reduce emission to about 50% of their 2020 BAU level. In India, energy effi-
ciency in existing plants and transmission and distribution are presently being given
as much political importance as the limited resources permit. There is, however, op-
portunity for a much more focused policy on energy efficiency improvement in end-
use sectors (notably industry), which may potentially reduce emissions by 45% rela-
tive to the BAU level. Some stakeholders seem to focus more on efficiency im-
provement than on fuel switch in India, while the latter may potentially reduce emis-
sions to a considerable extent. Therefore, exploring fuel switch options including the
potential for gas can offer short-term relief to Indian energy policies. The options for
importing gas to the mutual satisfaction of India and Bangladesh needs to be more
actively explored.

Criteriafor CDM projects: Stakeholders in both countries indicate that the follow-
ing criteria are critical for the acceptance of CDM projects. (a) that the projects are
joint ventures and/or allow for indigenisation of the technology over time; (b) that
baselines in relation to retrofit projects are actual baselines and for new plants, the
best technology available in the country in that sector so that the best and most go-
propriate technologies are sold via CDM; (c) that the projects should be non-
commercial; (d) that there should be no new local environmental and social impact;
(e) that the project should be appropriate for the context; and (f) that there should be
seller or joint seller-buyer liability. To the extent that CDM is permitted for small
projects and products that are locally available, the credits should be fixed in relation
to each project or product and should be at lower than normal interest rates. CDM
could be used to promote any of the technologies listed above. This report thus ad-
vises caution in relation to the development of nuclear and coa powered plants
within CDM. There are indications that existing technology transfers may be re-
named as CDM projects which will not benefit the host country. It makes more sense
to use CDM for long-term GHG friendly projects; that do not have negative local
side effects. This may also reduce the risk of liability from problems in project im-
plementation arising from social unrest.

From reactive to proactive negotiating strategy: Finally, if both governments wish
to take on a proactive role in the international negotiations, they need to develop
concepts and policies for the implementation of the regime. Our research shows that
both countries are seriously engaging in structural change and that they are
attempting at developing long-term sustainable development policies in the energy
sector. A proactive strategy that would state the specific kinds of assistance needed
by the countries to make certain energy transitions possible in their countries and in
specific time-frames could not only indicate the seriousness of the domestic
governments on the issues, but could also put pressure on the developed world to
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assist them accordingly. This means a clear identification of the sorts of technologies
and financial assistance needed, a clear specification of the criteria and conditions
under which the country is willing to participate in the cooperative process, a clear
identification of what types of projects need to be supported by the GEF, bilateral
help, development bank lending and the CDM, and a series of domestic targets and
timetables within which the foreign assistance can be planned so as to have optimal
results in the next twelve years. If the ground work done by the Clinton
administration in at least India is not followed up by the new Bush regime, there is
an opportunity to further develop the ties with the European Union within the
framework of the EU-India summit.

Foreign investors may wish to draw insights for themselves from the above strategic is-
sues, especialy those in relation to technologies needed, the role of foreign investments
and criteriafor CDM projects.

For developed country gover nments:

First, if the purpose of the developed countries is to encourage China and India to
serioudly take part in the negotiation (rather than assume that they are not implementing
their obligations to avoid taking measures themselves), they could consider taking
cognisance of what is actualy happening in the countries (i.e. the de facto
implementation). They may also wish to understand the reasons for defensive strategies
(i.e. the need to avoid de jure quantitative obligations) and the sustainability dilemmas
faced by both countries.

Second, we believe that it would make more sense for the developed countries — the
USA in particular and for those who implicitly support it - to encourage the development
of a menu of options by developing countries from which they could adopt some; and
consider the measures taken from 1990 onwards as a meaningful contribution to the
climate change discussions. This would make more sense than to try and impose legally
binding quantitative restrictions linked to incomplete data on existing emissions and
speculations about the future, which would have very little basis for countries in
transformation.

Third, if the developed countries would like the developing countries to reduce their
greenhouse gas emissions, this inevitably implies that the developed countries too have
to adopt drastic measures domestically. This would make the cost of renewable energy
cheaper and hence affordable for everybody.

Fourth, if the developed countries would like the developing countries to reduce their
emissions substantially, this calls for increased cooperation between countries in terms
of technical and financial assistance.

Fifth, we would recommend that developed country governments be careful about what
is exported to developing countries and whether this will lock not just the developing
country into a technological trajectory, but the world into an emission trajectory. By
encouraging industry to participate actively in the regime, it is not ruled out that such
industry will wish to please its share holders in the short-term rather than meet the long-
term environmental goals. This means that the rules for export need to be clearly
devised. Lessons from the Ozone Layer Protection regime have shown that exports of
HCFCs, a greenhouse gas, financed by the Global Environment Facility or otherwise, did
not serve the cause of the environment or the developing countries, athough it did
benefit the exporting companies. The adoption of renewable energy in the developing
countriesis at present less affordable that the adoption of the same path by the developed

XXX



countries. Large-scale adoption of renewable energy in the first world, coupled by
restricting the use of the flexible mechanisms to supporting renewable energy and end-
use efficiency could set the ball rolling towards a greenhouse friendly world. However,
in this the developed countries need to set an example themselves.
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1. The Asan Dilemma

Author: Joyeeta Gupta®

1.1 Background

The newest scientific data (IPCC 2001) confirms that the climate change problem is a se-
rious challenges to humankind, and that the threat of irreversible climate change may
bring with it major consequences for all countries. This reconfirms the need for suitable
action by all countries. Initially, the international community had decided that the devel-
oped countries should lead and reduce their greenhouse gas emissions. However, in re-
cent years, many in the developed world argue that this might have very major conse-
quences for their domestic economies, while being ineffective environmentaly, if the
developing countries themselves did not commit themselves to taking some action. In the
meanwhile, the developing countries face not only the high risk of climate change given
their lower financial and technical ability to respond to such changes; they are al'so afraid
that their opportunities for development may be serioudly curtailed. Thisis especially so,
since a major cause of the problem is greenhouse gas emissions; and a major source of
greenhouse gas emissions is the use of fossil fuels for generating energy, including elec-
tricity.

Against this background, this research explores the dilemma for China and India in
relation to the electricity problem. It argues that the two countries may either adopt a
‘business-as-usual’ approach or approaches ranging from alternative development to
industrial transformation. These options are not easy choices. At the specific level of
electricity generation, the emission reduction options are not easy given that the choice
between nuclear energy, large hydro and coal-fired plants are reminiscent of the proverb
‘between the devil and the deep-blue sea’. The alternative energy choices exist, but the
critical issueisto what extent these can reliably and affordably meet the demands of two
such giant countries. At the specific level of electricity consumption, a key dilemmais
that while, on the one hand, there are severa socio-economic reasons to support small-
scale production units, these units tend to be relatively inefficient, have lower quality
products and have higher greenhouse gas emissions per unit of production. In relation to
technology cooperation, there are occasions where although foreign technologies could
help to increase the efficiency of the plants, they are not economically viable. At the
same time, there are opposite occasions when despite the availability of local good
quality resources and appropriate technologies, technologies are imported. Given that
international pressure to reduce greenhouse gas emissions is gradually increasing, these
countries will need to consider whether they will adopt a defensive or a constructive,
proactive role in the international climate change negotiations and in domestic climate
and energy policy.

The potential environmental consequences of the growth in energy use and of the
choices made regarding energy sources raises questions regarding the production and
consumption patterns of countries worldwide. Countries aspiring to significantly
increase their development face maor chalenges. They want to “modernise without
westernising”; but defining this is not easy. They want development without pollution;
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but operationalising thisis not easy. They want to generate el ectricity without emissions;
but options appear limited.

Against this background, this book aims to examine the potential up to the year 2020 for
modernising the electricity sector in China and India in the context of rapid economic
growth in these countries and the challenge of climate change. This chapter will first
briefly introduce the climate change problem and the latest scientific developments in
the field; and will present a brief history of the climate change negotiations. Against this
background, it will explain the dilemma for countries like China and India. This is
followed by a description of the research question, focus and a brief introduction to how
the book is structured.

1.2 The climate change problem

This brings us to a discussion of the problem of climate change. Scientists fear that the
combustion of fossil fuels world wide, among other reasons, is leading to a growing
concentration of greenhouse gases such as carbon dioxide (CO,), methane (CH,4) and
nitrogen oxide (N;0) in the atmosphere. These accumulated gases are absorbing heat and
it is expected that this may lead to the problem of climate change and destabilisation of
the global climate system (Houghton et a 1996). The recently published report of the
Intergovernmental Panel on Climate Change (2001) clearly states that the atmospheric
concentrations of CO, have increased by 31 % since 1750, and such a high level of
concentration has not been experienced in the last 420,000 years and perhaps not in the
last 20 million years. The concentrations of CH, have increased by 151% since 1750 and
such concentrations have not been exceeded in the last 420,000 years. The
concentrations of N,0 have gone up by 17% and these have not been exceeded in the last
1000 years. Furthermore, there is evidence to show that in the 20 century average
temperatures have risen by 0.6 + 2 degrees centigrade. Records revea that the 1990s
were the warmest decade in 1000 years in the Northern Hemisphere. (For the Southern
Hemisphere records are not available). Snow cover worldwide has decreased by 10%
since the 1960s and there is evidence to show that the sea level has risen by 0.1 — 0.2
metres during the 20" century. Records show increasing rainfall in the mid and high
latitudes of the Northern hemisphere, while a fall in the low latitudes of the Northern
Hemisphere with a rise in the frequency and intensity of droughts in parts of Asia and
Africa. It is further expected that global temperatures may increase from 1.4-5.8 degrees
Centigrade by 2100. At high latitudes rainfall is expected to increase considerably; at
low latitudes this may vary from place to place and there is likelihood of greater
variability in the monsoons. The sea level rise is expected to be between 0.09 to 0.88
metres by 2100. The report concludes that: “There is new and stronger evidence that
most of the warming observed over the last 50 years is attributable to human activities’.

About three-fourths of the CO, emissions come from fossil fuel burning and the rest
from deforestation. More than half of the CH, emissions come from fossil fuels, cattle,
wet rice cultivation and landfills (IPCC 2001). Hence, it is imperative to deal with the
sources of these emissions. However, since energy use and food habits are intrinsically
linked to human lifestyle and consumption, production and trade patterns and economic
and political systems; it may not be adequate to only focus on the problem of
technological solutions, but to look beyond to the institutional approaches to dealing
with the problem of climate change (see Chapter 2).

Concernsin relation to this problem led to the first world climate conference in 1979, the
establishment of the Intergovernmental Panel on Climate Change in 1988, the second
World Climate Conference in 1989 and regular scientific conferences since then.
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Growing scientific concern led to political negotiations that resulted in the adoption of
the United Nations Framework Convention on Climate Change in 1992 (FCCC 1992).
The ultimate aim of this Convention is to stabilise the global concentrations of
greenhouse gases at a level that would prevent dangerous anthropogenic interference
with the climate system. This has implications for al countries. As a first step, the
Convention calls on the developed countries to take the lead in reducing emissions of
greenhouse gases. The preamble states: “Recognizing that al countries, especially
developing countries, need access to resources required to achieve sustainable social and
economic development and that, in order for devel oping countries to progress towards that
goal, their energy consumption will need to grow taking into account the possibilities for
achieving greater energy efficiency and for controlling greenhouse gas emissions in
genera, including through the application of new technologies on terms which make such
an application economicaly and socially beneficia.” Other articles in the Convention
highlight the need to take the ‘ common but differentiated’ responsibilities of countries into
account while assigning responsibilities to countries.

In 1997, the Kyoto Protocol on the Framework Convention on Climate Change
(KPFCCC 1997) adopted legally binding commitments for the developed countries and
they have to reduce their emissions by 5.2% in 2008-2012. In doing so they are
permitted to trade emissions and undertake joint implementation projects with other
countries with binding emission related commitments, and to undertake Clean
Development Mechanism projects in developing countries. Both the Convention and the
Protocol call on developing countries to take action to reduce the growth of the
emissions of their greenhouse gases. However, Article 4.7 of the FCCC makes action by
developing countries dependent on assistance from developed countries.

Under the climate change regime, there are in particular five flexible instruments to
facilitate the cooperation between countries. These are the:

- Globa Environment Facility (GEF). The Globa Environment Facility was
established in 1991 by the World Bank, UNDP and UNEP, following a
recommendation of the World Commission on Environment and Development
(Brundtland et al. 1987). Its purpose was to provide financial incremental support for
environmental projects in developing countries and in the countries with economies
in transition (East and Central Europe) in relation to four issue areas including
climate change. In 1992, the GEF was named as the operating entity of the financial
mechanism in the climate convention (Article 11, Article 21; see Gupta 1995, 1997).
The Independent Evaluation of the GEF (GEF 1994) criticised the GEF and severa
measures were taken since to make GEF projects more relevant to the developing
countries. The GEF generally supports capacity building projects and projects that
are reproducible in other countries. China and India have benefited substantially
from GEF projects.

- Joint Implementation (JI), Activities Implemented Jointly (AlJ) and the Clean
Development Mechanism (CDM): Joint Implementation, a concept not defined,
although included in the Climate Change Convention was meant to imply that in
return for financial investments in projects in other countries that led to a reduction
of greenhouse gas emissions, the investor could credit itself with some of the
reductions. This concept was adopted as a pilot project at the first meeting of the
Parties to the Convention in 1995 and was referred to as Activities Implemented
Jointly (Al1J). As of January 2001, 176 projects have been undertaken worldwide, the
bulk of which are in East and central Europe and Centra America. In 1997, the
developing countries were reluctant to accept the end of the pilot phase and the start
of actual crediting, and so Joint Implementation was adopted as a mechanism
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between the developed and east and central European countries (Article 6 of the
KPFCCC). In the mean while the developing countries were arguing in favour of a
non-compliance fine on developed countries (the Clean Development Fund), which
through the negotiations metamorphosed into the Clean Development Mechanism
(CDM), which alows developed countries to invest in sustainable development
projects in developing countries in return for emission credits. Furthermore, a small
proportion of the proceeds of the project were to be reserved for adaptation projects.
In fact, the developing countries perhaps got a worse deal than the east and central
Europeans because sustainable development is an elusive term, and cooperation
between North and South is now taxed making CDM projects more expensive than
JI projects. This did not also serve the interests of the vulnerable countries, because
if CDM s relatively small, so will the resources raised for them. The developing
countries have tried to argue this in the recent negotiations, but there have as yet
been no decisions on the issue.

- Technology Transfer: Part of the reluctance of the developing countries in relation to
the JI/AIJCDM discussion is because they see that the technology transfer
provisions in the convention (Article 4.5) and protocol (Article 10) have not been
implemented. They had initially expected that the developed countries would reduce
their own emissions and transfer technologies and provide financia assistance. They
now argue that instead the developed countries want to reduce their emissions partly
viatechnology transfer and assistance.

- Emission trading: Another instrument in the protocol is emission trading (Article 17)
allowed between countries with quantitative commitments. This allows for efficient
reduction of emissions at the lowest costs. This has also annoyed the developing
countries because they argue that emission trading has de facto assigned property
rights to the atmosphere to the developed countries. The rules and modalities in
relation to this instrument have yet to decided.

- In addition there are the ongoing instrument of cooperation; i.e. Foreign Direct
Investment and aid.

Table 1.1 highlights the goals of each of these instruments and compares and contrasts
the characteristics of these instruments. Table 1.2 presents the pros and cons of the
instruments for developed and devel oping country governments.

The rules and regulations for the flexibility mechanisms have still to be determined and
both countries still have an opportunity to influence these rules.

The initial optimism in the system has been followed by pessimistic realisations that
reducing emissions in the developed countriesis likely to be very expensive. This has led
to a situation in which the United States claims that it is unlikely to ratify the Kyoto
Protocol until and unless key developing countries are prepared to take ‘meaningful’
action (Clinton 1997; Albright 1998; Gupta 1998). This has led to increased pressure on
the developing countries to state how they are going to participate more effectively in the
negotiation process. With Argentina and Kazakhstan indicating that they would be
willing to consider adopting serious emission related measures, the pressure has
increased on the other developing countries. However, other developing countries argue
that it is the responsibility of the developed countries to take action first. This has been
used as an excuse for the US to delay ratification. Inevitably this delay has had
ramifications with many other developed countries unwilling to ratify the Kyoto Protocol
because of the fear of the free-rider effect. However, the European Union (EU) has taken
a number of measures in 2000 to try and promote a political atmosphere which will
stimulate ratification to ensure that the Protocol will enter into effect by 2002 (Gupta and
Ringius 2001). With President George W. Bush taking charge in January 2001, the
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pessimism has increased regarding US ratification and this may have implications for
European ratification. This has brought the negotiating process to a partia deadlock
although there are many efforts at operationalising the various flexibility mechanisms.
The key problem is that as long as there is uncertainty about the entry into force of the
Protocol, industry, business and governments are unlikely to push for large-scale climate
change measures because the financial risks are high.

Table1.1.  Theinstruments of cooperation.

Instrument  Purpose Some details

GEF Incremental funding for Mentioned in Art. 11/21 of the FCCC; Tota grants
technical assistance and between 1991-1998: $610 million; Tota projects: 80
projects on, inter alia, energy efficiency and renewable energy projectsin 40
climate change countries,

AlJ Pilot phase projectsin Decided at the first meeting of the Conference of the
developing countries and Parties to the FCCC in 1995; 176 projects as of 1/1/01
East Europe; no crediting mostly in Central and Eastern Europe and Central
allowed during pilot phase  America;

J Mechanism to allow Mentioned in FCCC in 1992; Started in December 1997;
investment in projectsin Crediting allowed from 2008; no projects thus far, some
East and Central Europein  AlJ projects may become Jl projects; allowed between
return for emission countrieswith atotal emission allowance; Capacity
crediting building projects to facilitate J begun;

CDM Mechanism to allow Mentioned in KPFCCC in 1997; Crediting allowed from
investment in devel oping 2001; Projects must meet sustainable development
countriesin return for criteria; Projects must be approved by multilateral body;
emission crediting Part of the proceeds must be reserved to finance

adaptation projects and administrative costs,

Technology Mechanism to alow for Mentioned in Article 4.5 of FCCC and Art 10 of

transfer technology transfer; but no KPFCCC. Has not really taken off; problems are that
quantitative or specific governments are not often owners of technologies; there
targets are difficulties in financing such technology transfer;

ET Mechanism to allow for Mentioned in Article 17 of the KPFCCC, Allowed from
trading of emission 2008 for countries with quantitative commitments;
allowances between
countries with targets

FDI Existing mechanism of An existing mechanism for commercia transactions
foreign investment in other  between countries and the amount of resourcesin FDI is
countries increasing;

Aid Existing mechanism of Official development assistance (ODA) from the

providing financial support
to developing countries

developed to the developing countries has been on the
decline since 1990; though the resources devoted to the
environment have increased.




Table 1.2. The advantages and disadvantages of the instruments for parties.

Instruments Investor governments Host (developing country governments)

GEF Pros: projects may lead to changesin Bank  Pros: Provides incremental costs of
policies and devel oping country policiesand climate change projects;
lead to higher emission reductions than paid Cons: defining incremental costs
for; problematic, difficult to secure GEF
Cons: it costs resources and the funding;
governments have less control over which
technologies (bel onging to which countries)
are transferred;

AlJ Pros. Projects are expected to lead to Pros. Projects are expected to lead to
emission reductions in developing countries; emission reductions in developing
Cons:. Industry does not get credits during countries,

pilot phase; Cons: Not many projectsin developing
countries and no full evaluation;
CDM Pros. Projects are expected to lead to Pros. Climate change sustainable projects
emission reductionsin developing countries  will receive financing;
in return for credits; Cons: CDM more expensive than JI and

Cons: The transaction costs may be high; credit giving may be politically and
the adaptation and administrative cost levy  legally problematic; risk in case of project
may be high; failure;

While it may be understandable that the developing countries blame the developed
countries for this deadlock, it is clear that none of the countries worldwide see any easy
options before them. The initial optimism in the regime was to some extent linked to the
so-called ‘inverted U curve', i.e. that a permanent de-coupling between greenhouse gas
emissions and economic growth is possible after a certain initial development is reached.
However, recent research reveals that while the inverted U curve theory holds for single,
local air pollutants, there in no compelling evidence that it might hold also in relation to
global air pollutants (de Brujn 1998). The fear of loss of economic growth and increasing
unemployment have thus become dominant in the European and the U.S. agenda even
though at this moment unemployment has reached al time low levels in Europe and the
US has enjoyed high economic growth. Ultimately it is those economic and political
entities that can identify the way out of this labyrinth that will be able to make economic
profits while achieving sustainable development. This is thus, just as much a challenge
to the developing countries as it is to the developed countries. But, climate change is not
the only motivating factor for re-examining the energy system in countries. The issue of
fuel security is becoming increasingly more important for many Western countries, and
this is another reason that may motivate changesin policy in these countries (IEA 2000).

This is al the more evident, when discussed in relation to the issue of technology
transfer. While developing countries have consistently asked for technology transfer
from the developed countries as away to short-circuit emissions, and while provisions to
this effect have been included in several internationa treaties including the Climate
Change Treaties, the developed countries in general are not owners of the technologies
and thus are not in a position to actualy ‘give’ these technologies (IPCC 2000).
Furthermore, it is difficult to identify technologies that are non-controversial in the short-
and long-term except in the areas of renewable energy. Nevertheless, there are
opportunities explored in this book.

Having said that, development is not experienced homogeneously worldwide. The
increase in energy demand is expected to be disproportionately higher in the developed
countries and in a handful of developing countries like China and India. China and India
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had a population of 1146 million and 850 in 1990 and this is expected to grow to 1500
and 1297 in 2020 respectively (Boudri et a. 2000a). The fuel input for electricity
generation is likely to increase fourfold for China from 7.7 in 1990 to 28.3 (EJ) in 2020.
The fud input for electricity in India may increase five fold from 3.6 to 14.6 EJ in 2020.
The related CO, and SO, emissions are also likely to increase substantialy. For these
reasons we have decided to focus on China and India, and we have decided to focus on
one specific issue — the production and use of electricity.

1.3 Thedilemma for Chinaand India

If we move from the abstract global to the concrete national scale, what does this mean
for China and India. Both countries have substantial populations and are on a medium to
fast economic growth track. At this point in their development, energy (with eectricity
as an important component) is a vital causal element of their development. They need
large jumps in energy supply to meet the large latent demand (although this is not
entirely true for China since there is an industria recession currently). This brings them
to the choice between for example, large hydro (e.g. the Sardar Sarovar dam on the
Narmada and the Three Gorges Dam on the Yangze), nuclear and coal-fired thermal
power stations. Choosing between the three is not easy since none of these options is
environmentally sustainable. This is a complicated issue for these developing countries,
especialy when one takes into account that the bulk of the large hydro potentia in
mainland Europe has been utilised, and most of the developed world has benefited from
thermal and nuclear power stations. Simultaneously, there is potentia for reducing the
energy consumption (per unit of product) in order to decrease the need for new power
plants. Energy consumption is to some extent high in these countries because of poor
housekeeping and maintenance and the processes used are outdated. On the other hand,
even though in theory the efficiency of certain production processes can be improved,
there are reasons why this is not feasible. Thus, while it is conceivable that an efficient
water pump can reduce the amount of energy consumption per gallon of water pumped;
if the pump is unable to function in a situation of fluctuating voltages; then the existing
pump may be the most efficient under the circumstances. Thus, some of the technical
potentia for improvement may not be easily implemented because of the inter-linkages
and context within which the technology operates. At the same time, better technologies
generally bring a high price with them, which may be unaffordable for the consumer.
Thus the technical feasibility is only part of the story.

This raises the issue of the implications of the global climate change problem for the
development paths to be chosen by these two countries and al “late-comers’ to
development. The dilemma is how to modernise the national economy with less
compromises on environmental issues, and how to use imported technologies and
lessons without becoming economically and technologically dependent. There are no
easy answers to how the energy producing and consuming sectors should develop,
although it appears a foregone conclusion that without continuously upgrading the
different production and consumption sectors, growth is not possible. At the same time,
choosing any one of these options may lead to technological lock-in and countries may
get bound up in atechnological trajectory the consequences of which they may have to
face for several decades.

Countries aspiring towards high economic development these days face, on the one
hand, the accumulated knowledge of the negative impacts of certain developmental
trgjectories while, on the other hand, it is unclear if the alternative and, in general, more
expensive, developmental trajectories are more feasible. The ‘mistake optimism’
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argument is that avoiding mistakes made by the developed countries in their economic
growth process will be cheaper for the developing countries in the long term. According
to this argument, “developing countries should not go through the evolutionary process
of previous industrialisation, but must rather ‘leap frog' ahead directly from a state of
under-development, through to efficient, environmentally benign technologies’ (SWCC
1990). The ‘mistake pessimism’ argument is that ‘leap frogging’ may not always be
affordable in the short-term for developing countries, and that those countries that have
benefited from the dirty technologies have been able to accumulate wealth precisely by
cutting corners. This has helped them to reach the stage of economic take-off (Gupta
1997).

Clearly, the vision of leap-frogging ahead is an attractive vision for developing countries
like China and India. Some recent experiences are also promising. For example, China
has successfully decoupled energy related greenhouse gas emissions from its national
gross development product. Zhang (1999: 55) argues that “China has cut its energy
consumption per unit of consumption in half since 1980. In other words, without these
efforts, China's CO, emissions in 1997 would have been more than 50% higher than its
actua emissions’. There are also indications that if the efficiency of generation,
transmission, distribution and end-use can be improved, the electricity generated could
lead to higher industrial output at lower environmental pollution. China has thus aready
taken many measures to increase national productivity while reducing the environmental
pressure. In a similar vein, recent measures taken in the electricity sector in India have
also led to reduced emissions. However, continuing indefinitely to de-couple emissions
from economic growth will remain a critical challenge for China and India. This will
also be a challenge for the developed countries; and even begs the question: Are the rich
more ‘locked-in’ into technological and economic trajectories than the poor?

Against this background of the increasing global emissions, the (ratification) bottleneck
in the international negotiating process and the need and or desire to develop of all
countries, the options for China and India appear to be two-fold. They can either insist
that the North should lead and that they will follow once the North has demonstrated a
commitment to reduce its emissions substantially; or they can argue that there is need for
a concerted effort to analyse the problem and to see if there is a way for the “late
comers’ to join the fore-runners in dealing with the problem. This may call for a
strategic combination of using “leap-frog” technology adapted to local circumstances
and for developing research plans to develop country specific solutions. This book
examines some of these issues at a technological, economic and political level to seeif it
can contribute to the analysis

1.4 Theresear ch problem and focus

We have thus far examined the climate change problem, the challenges in the
international negotiating process, the specific challenges for China and India and have
briefly examined the electricity sector, both from a demand and a supply side. This
brings us to the goal of this research project which is to analyse the feasibility of policy
and technologica options to modernise the electricity sector in China and India and to
stimulate the use of such policy options by the relevant agencies. This will be done by
developing an integrated approach. In this context, the research question is: what are the
feasible policy and technologica options to modernise the electricity sector in China and
India taking into account the supply and demand for electricity and given the conflict
between the need for economic growth and the need to anticipate future developmentsin
relation to the reduction of GHG emissions?
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Let us aso emphasise that we are not looking for ways to impose additional conditions
on the developing countries. We are instead trying to make an analysis of what these
countries actually want, what issue-linkages they make, and what their concerns are. We
then examine the technologies that are available and/or used within the electricity sector
through a combination of top-down and bottom-up methods and through interactions
with stakeholder views in order to ascertain the political, economic and technological
feasibility of making improvements to the system either incrementally or through
movement to an alternative development trajectory.

As can be clearly seen, although the issue concerns most countries in the world, we have
chosen China and India as the area of the research focus of this book. We also focus only
on the eectricity sector (both in terms of generation and in terms of consumption). We
focus on the national level and have occasionaly drawn on the experiences at the
regional level and the rural level. These limits to the focus are primarily to ensure that
the research is manageable, especialy given the size of the two countries concerned.

The book is structured as follows. Chapter 2 presents the theoretical and methodol ogical
aspects of the research. Chapters 3 and 4 examine and analyse the institutional context of
energy and electricity policy in Chinaand India. Chapter 5 presents the business-as-usual
scenario for China and India for the period 1990 to 2020. Chapters 6 and 7 examine the
demand and supply side technological options for both countries and calculate the
potential of emission reduction in different sectors. Chapter 8 analyses the feasibility of
these options on the basis of the interviews and workshops. Chapter 9 presents a series of
Best Practice Technology Practice Scenarios and also evaluates qualitatively the
implications of the feasible options. Chapter 10 examines the domestic concern for
climate change in China and India, as well as the domestic policies and perceptions in
relation to the flexibility mechanisms. It looks at the potential for using these
mechanisms in relation to the feasible options identified in the report. Chapter 11 draws
conclusions and makes recommendations.

1.5 Summary

Chapter 1 explores the dilemma for Chinaand Indiain relation to the electricity problem.
It argues that the options for these two countries is to adopt a ‘business-as-usual’
approach or to adopt approaches ranging from aternative development to industrial
transformation. These options are not easy choices. At the specific level of electricity
generation, the options are certainly not easy given that the choice between nuclear
energy, large hydro and coal-fired plants appear to be reminiscent of the proverb
‘between the devil and the deep-blue sea’. The alternative energy choices exist, but the
critical issue is to what extent can they reliably and affordably meet the demands of two
such giant countries. At the specific level of electricity consumption, choices have to be
made between large and small-scale, domestic and imported technologies, closure and
retrofit. Given that international pressure to take action to reduce greenhouse gas
emissions is gradualy increasing, these countries will need to consider whether a
defensive or a constructive, proactive role in the international climate change
negotiations and in domestic climate change and energy policy. Thus, the overal goal of
this book is to develop an integrated approach for analysing the feasibility of policy and
technological options to modernise the electricity sector in China and India and to
stimulate the use of such policy options by the relevant agencies. The research question is.
What are the feasible policy options to modernise the electricity sector in China and India
taking into account the supply and demand for electricity and given the conflict between
the need for economic growth and the need to anticipate future developmentsin relation to
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the reduction of greenhouse gas emissions? This chapter also provides a brief introduction
to the structure of the rest of the book.
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2. Methodology: An Integrated Framework

Authors: Joyeeta Gupta, Carolien Kroeze and Jaklien Vlasblom?®

2.1 Introduction

As mentioned in Chapter 1, the research question is: What are the feasible policy and
technological options to modernise the eectricity sector in China and India taking into
account the future development of supply and demand for electricity and given the conflict
between the need for economic growth and the need to anticipate future commitments in
relation to GHG emissions? This chapter presents the theoretical and methodological
aspects of the research developed to address this question.

In order to do so we have developed an integrated assessment approach. In doing so, we
have drawn inspiration from the approaches developed within the industrid
transformation’ and the ‘ingtitutional dimensions of globa change' research programmes
of the International Human Dimensions Programme of Global Change (Section 2.2). We
then elaborate on our integrated assessment framework which combines three specific
methodologies; namely the scenario approach, the bottom-up technology approach and the
institutional and stakeholder approach (see Section 2.3). We then anayse some of the
advantages and challenges of using the integrated approach (see Section 2.4).

2.2 Linksto International Resear ch Programmes and Approaches

Anthropogenic environmental problems are generally caused by human interactions with
nature; this has led to the development of the national and international human
dimensions research framework for the social sciences. The natural scientists have long
had their own research collaboration forum — the International Geosphere-Biosphere
Programme (IGBP). The International Human Dimensions Research Programme (IHDP)
is in response to the need for innovative and integrated methodologies for assessing
human interactions within existing institutions and for identifying options for
improvement. The current international human dimensions programme has five inter-
connected dimensions. Two of these focus on ‘Industrial Transformation’ (IHDP-IT) and
‘Institutions’ (IDGEC).

“Industrial Transformation research seeks to understand complex society-environment
interactions, identify driving forces for change, and explore development trajectories that
have a significantly smaller burden on the environment. It is based on the assumption
that important changes in production and consumption systems will be required in order
to meet the needs and aspirations of a growing world population while using
environmental resources in a sustainable manner” (IHDP-IT 1999). The IHDP
programme focuses on energy and material flows, food, cities, information and
communication; and governance and transformation processes. The energy programme
in particular focuses on the relation between the driving forces, institutional, socio-
psychological, and technical arrangements that influence energy policy from the demand
and the supply side and the implications for international trade and the United Nations
Framework Convention on Climate Change. The research question in our project focuses
on acritical research issue of IHDP-IT.

3 Based on work from Christiaan Boudri, Kees Dorland, Matthijs Hisschemdller, Kornelis Blok and Jan-
Willem Bode.
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The research method of IHDP-IT focuses on different development stages in corporate
and societal response to problems. These can range from reactive to proactive. In
reactive approaches, the focus of policy is on end-of pipe changes and the driving
philosophy is minimisation of the environmental impacts given the existing system. In
receptive approaches, the focus is on the process of production and the aim isto optimise
competing goals. In a constructive response, the focus is on modifying the nature of a
product within the context of a sector and the underlying philosophy is accelerating
change in society. In a proactive approach, the goal is to engage the entire society to
modify the system based on a vision of change. In our project we will examine what the
potential for modernising the eectricity sector is within the context of these four

dimensions.
A) > reactive>> receptive constructi>pro-active>

B) | End-of-pipe | Process Product System
C) | Specialists | Managers Sector Society
D) | Minimisation | Optimisation | Acceleration| Vision

A response phase; B: Focus of attention; C: Main actors; D: driving philosophy

Figure 2.1 Development stages in corporate and societal response (IHDP-IT 1999).

The Ingtitutional Dimensions of Global Environmental Change (IDGEC) focuses on
“Institutions” defined as. “systems of rules, decision making procedures and
programmes that give rise to socia practices, assign role to participants in these
practices, and guide interactions among the occupants of the relevant roles’. The
programme focuses on analysing the relations between institutions and outcomes
(causality and performance) and what this means for the design of ingtitutions in the
future. The programme aso focuses on the relationship between scale — the national and
the globa scale. In this research framework we will be using many of the terms,
concepts and approaches used within the research framework of IDGEC.

Our research, thus, straddles the objectives of both programmes. It aims to identify the
technological potential for modifying existing energy trajectories and the potential for
improving and switching to aternative trajectories for both the electricity supply side
sectors and the demand side sectors. It further aims to examine the institutional context
and the feasibility of such technological options within the countries examined.

2.3 An Integrated Assessment Framework

Integrated Assessment is a modern approach to combining a number of different
disciplines and methodologies. One of the definitions of Integrated Assessment is ‘a
structured process dealing with complex issues, using knowledge from various scientific
disciplines and/or stakeholders, such that integrated insights are made available to
decision makers (Rotmans 1998: 155). An integrated assessment framework in general
tries to combine quantitative and qualitative analysis, and uses a combination of
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analytical methods (integrated assessment modelling, scenarios and risk analysis) and
participatory methods (dialogue, interviews, policy exercises with stakeholders and
mutual learning). It has emerged as a response to the shortcomings of ‘normal’ science
(Kuhn 1962). ‘“Normal’ science generally involves a linear approach that adopts certain
assumptions, develops certain hypothesis and tests these hypotheses. However, critics
argue that such ‘norma’ science tends to be biased in favour of the assumptions,
techniques and approaches used by the researcher and may be of limited use. Hence, the
public interest science school argues in favour of including the opinions of people
concerned and to develop the problem definition, the assumptions and hypotheses in
consultation with the stakeholders in relation to the specific problem (Shiva and
Bandyopadhyay 1986). The post-normal science school argues that this is especialy
relevant when the science is uncertain, the values are disputed, the stakes are high and
decisions urgent (Functovicz et al. 1996). However, integrating the diverse views of the
different stakeholders and the views of the scientists (through a literature survey) within
a framework is a challenging exercise. This has led to the development of a variety of
integrated assessment methodologies, and we have drawn inspiration from these
methodol ogies to develop one relevant to address the research question at hand.

Our framework combines a top-down approach (the scenario approach), a bottom-up
approach (the technology assessment methodology) and the interactive approach (the
stakeholder methodology). Before explaining the nature of the integration, we first
explain key features of the individual methodologies.

2.3.1 The Scenario approach

“Scenarios are aternative images of how the future might unfold and an appropriate tool
with which to analyse how driving forces may influence future emissions outcomes and
to assess the associated uncertainties. They assist in climate change analysis, including
climate change modelling and the assessment of impacts, adaptation and mitigation. The
possibility that any single emissions path will occur as described in scenarios is highly
uncertain” (IPCC- 1 2000: 3). In the scenario approach we use an extensive database and
model — the RAINS ASIA model to investigate the impact of electricity use on
greenhouse gas emissions and acid deposition. The input in RAINS is fuel use for the
period 1990-2020 on a regional basis for a number of economic sectors. RAINS also
includes socio-economic assumptions and demand scenarios to create, for the purpose of
this project, electricity scenarios.

We have used this approach to first develop a business-as-usual scenario for the
electricity sector for China and India for the period 1990-2020. This scenario includes
policy decisions taken in the period 1990-2000. We then re-use this approach to develop
Best Practice Technology Scenarios that combine a range of options to show how
electricity generation and end-use pathways can be modified and the implications of
such modifications on the atmospheric pollutants, namely the greenhouse gases and
acidifying gases. The key advantages of this approach are that it allows one to speculate
about possible futures and what measures need to be taken in order to reach those
futures; and how these futures differ from expected extrapolations of current trends. The
risk of using this approach is that readers and policy-makers may interpret them as
realistic pathways of development. In this project, we do not focus on the deposition and
ecosystem protection parts of RAINS-Asia.
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Figure2.2 TheRains Asia Model (Foell et al. 1995).

2.3.2 The technological approach

The second tool, the technological bottom-up analytical approach, is used to identify
technological options and emission reduction potential in the demand and the supply
side. For the demand side, the methodology consists of (a) the selection of core sectors,
based on their current and expected future share in national electricity consumption and
the relative homogeneity in the processes used; (b) analysis of the structure of the sector
(number of actors, ownership, production etc); (c) analysis of the alternative production
processes and their share in total production; (d) collection of data regarding electricity
consumption per ton of product per production process; (€) collection of information on
the most efficient plants globally, with regard to the processes, technologies used and
electricity consumption, and comparison with the Chinese and Indian technology level;
(f) identification of technological options for efficiency improvement; (Q)
characterisation of options in terms of applicability (technica criteria for
implementation), potential for energy saving (technical potential) and costs (economic
potential); (h) and the study of implementation barriers (at the level of individual options
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or sectors). In order to prepare each case study, we need the following input as shown in
Figure 2.3.

1990-1998 1998-2020
Product Output I 1990-2020 Product Output I
Unit Electricity N\ K Closing Old Plants/ EE
Consumption - Technin New Plants

/
Share Processes & W Share Processes &
Products - Products
-
Technologies used = N~ EE in Existing Plants
(which EE?)
Current EE Policies & Potential EE Policies
Policy Options International Coop.

Figure 2.3 Inputs used for the bottom-up technol ogy approach.

Challenges in the bottom-up approach include enormous data requirements in relation to
the subsectors, technological options and context specific factors. Such approaches also
lead to optimistic conclusions which may not always be justified (Hourcade et al. 2000).
On the other hand, this approach provides a causal understanding of the realities in each
end-use market, clear insight into the structure of a sector and the possible contribution
of technologies towards increasing end-use efficiency.

The results from the bottom-up study have been used to construct an end-use Best
Practice Technology Scenario, in combination with extrapolations for sub-sectors that
were not studied, to obtain full end-use sector coverage. On the basis of a comparison
with the end-use Business-as-Usual Scenario (adapted from Rains 2000 BAU Scenario),
the best practice savings potential has been calculated.

In relation to the supply side, the options to reduce emissions of SO,, CO,, CH,4 and N,O
during electricity production have been analysed and presented. For SO,, several end-of-
pipe technologies have been modelled. For CO,, CH, and N,O options have been
investigated, mainly on the basis of a literature research, which includes the technical
potential of options to reduce emissions, as well as the additional costs involved. Three
options are in particular presented in this report: (a) energy efficiency improvement of
new and existing electricity plants, (b) fuel switch (including the use of renewable
energy, nuclear and gas) and (c) end-of-pipe technologies to reduce emissions of for
example flue gases.

2.3.3 Institutions and stakeholder approaches

The institutions and stakeholder approaches are two approaches focusing on policy,
political and legal analyses. The institutions approach analyses the process of policy
formation and change within a country. Policy analyses focuses on agenda formation and
belief systems of policy-makers and policy-stakeholders including scientists (Lindblom
and Cohen 1979; Hisschemdller 1993). Agenda building processes and policy belief
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systems are analysed with reference to political theories which focus on the various
interpretations of democracy, the role of redlist, neo-redlist, pluralist and other such
approaches for studying decision making. The articulation of policy belief systems
further clarifies the relationships between causal and normative arguments and the goals
and means with respect to electricity policies. Legal analyses clarifies the role of law and
the rights and responsibilities of the various ingtitutional stakeholders within the
countries. It aso contributes to assessing the legality and legitimacy of policy decisions
and options for change with regard to the electricity sector. The institutional approach
uses the techniques of surveying literature and policy documents for legal analysis,
mapping out the major electricity policies, and evaluating policy decisions and options.

The stakeholder approach is used to constantly verify and check the results developed in
the process of the ingtitutional (and the scenario and technology) research. The purpose
is to first understand how the domestic actors perceive the electricity problem, priorities
and policies and what sort of changes they see as necessary. The approach is also used to
understand the perceptions of the stakeholder in relation to the problem of climate
change and the way the international community is dealing with it and the implications
for domestic policy. The perceptions of the stakeholders in terms of linking the
electricity issue with climate change and the international mechanisms are then analysed
to see if there is a way out of the dilemma sketched in Chapter 1. A study of the issue
linkages® may reveal opportunities for making climate and electricity policy politicaly
more or less attractive to take action in a specific field (Gupta et al. 1993; Gupta and
Hisschemoller 1997). The institutional and stakeholder approaches focus on
understanding the driving forces, the institutional context in terms of causdity,
performance and design and in terms of specific issues and policies (see Figure 2.4).

Scenario approach

:

Perception of:
Basic political, i
looel o oo Climate
| srucure | change
S | [Electricity Energy &
8 -
% policies policy
= | | Demand| | Policy scen%rlo_s andf | Key issue
5 side polic recommendations linkages
% Stekeholders Domestic
g and codlition options
Liter atu_re International
analysis instruments

/

Technology approachle—

Figure 2.4 The ingtitutional and stakeholder approach.

Issue-linkages can serve four purposes: Where the problem of climate change is seen as abstract and remote,
issue linkages can serve to personalise issues, to provide the problem with a‘face’ so that people can relate
to it. Where countries have different interests on the climate change problem, issue linkages may help to lead
to a convergence of these different interests. Where countries and actors have diverging perceptions, issue-
linkages can be used to identify areas in which side-payments can be made to encourage the participation of
the other countries. Where there is a conflict of interest between the countries, issue-linkages serve the
function of providing valuable information to understanding the complexities of the issue, and to seeing if
the problem definition and context is appropriate to addressing the problem.
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2.3.4 The Approaches Integrated in a Framework Model

In order to integrate the different approaches we have developed a model which has been
systematically revised over time (see Figure 2.5) based on intensive interactions between
the researchers to allow for cultural exchange and interaction between the different

disciplines.
Problem description,
research questions

Literature survey of
current situation and
BAU developments

Rains Asia
model: Inventory of technical and
BAU policy options
SCerario

Interviews and worksho

Selection of options I

Feld work, interviews,
workshop, lit. survey

Technical assessment
supply side

Technical assessment
demand side

Best Practice Technology
Scenario development

Integrated assessment

Reviews and
workshops

9 Win-win
policy options

Figure 2.5. An integrated assessment model to assess the electricity sector.

In this model, the first step was to define a research problem and a research question
which was in itself based on earlier research regarding the dilemmas faced by developing
countries in relation to the climate change problem (see e.g. Gupta 1997, Maya and
Gupta 1996, Gupta 2000). The following step was to undertake a detailed literature
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survey in relation to the electricity (demand and supply) sector for both countries and to
identify a number of key issue. (see Chapter 3 and 4).

Simultaneously, we performed a scenario analysis on the basis of existing information
from the RAINS/ASIA model in order to examine the feasibility of modernising the
electricity sector. We analysed the broad macro-level and examined the long term trends
along with the implications for greenhouse gas emissions and acid deposition. A
business-as-usual scenario for the electricity sector was thus developed (see Chapter 5).

While such macro trends are useful for identifying the areas which need specific
attention they are, at best, very general. In order to increase the level of detail we used
the ‘bottom-up’ technological approach which examined the technologies in seven
demand side sectors and several options for the supply side to identify the technological
and economic potential for improving these sectors (see Chapters 6 and 7).

However, the European experience in ‘bottom-up’ methodologies is that they tend to
predict an enormous technical emission reduction potential without compromising
economic growth, but that an undefined share of the so-called potential is at best
theoretical due to ingtitutional implementation barriers (Hourcade et al. 2000). This led
us to the adoption of the institutional and stakeholder approach which examines those
factors in the ingtitutional context which influence implementation decisions (see
Chapter 8). Thisled usto an analysis of the feasibility of the policy options.

Then we developed scenarios in which we combine different Best Practice Technology
options (Chapter 9). Chapter 10 examines the perceptions of China and India on the
climate change issue and the potentia for linking to the practical options identified in
previous chapters.

2.4 An assessment of the methodology

Integrating the different approaches requires not just comprehensive diagrams but an
extensive learning process and discipline on the part of the researchers. Although the
above presentation may give the impression that we worked in a linear way, in actual
fact, we developed an intensive interactive and iterative approach and almost all chapters
of this book were born simultaneously, because nothing could be ready till everything
was ready. This was very stimulating but also very exhausting since the rules of the
integration process have to be constantly discovered and tested.

Further, our attempts at involving stakeholders included a number of different techniques
and were practiced by al members of the team in one way or other. These exercises
included an initial workshop in New Delhi in December 1997, field work in India in
relation to the sectoral bottom-up research in 1998, an internet survey with Indian
stakeholders in 1999, semi-structured interviews with stakeholders in March 2000; semi-
structured presentations in February 2001 and a review process in March 2001. For
China, we had a detailed workshop and interviews in Beijing in 1999, field work in
2000-2001 and another set of interviews and workshop in 2000.

Some of the key challenges faced in the integration process were:

- The differences in the definitions. For example, in the RAINS Asia approach,
demand is set equal to supply, whereas in fact demand is greater than supply in India
and demand was less than supply in China in the late 1990s. Finding a way to deal
with this was a challenge. Furthermore, it is not clear whether co-generation, and
transmission and distribution are part of the demand or the supply side. We have
adopted a practical approach.
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The differences in data and assumptions: A key challenge in the research process
was the diverging data that we uncovered through the three methodol ogies used. The
literature used different data, government documents provided different data, 1EA
reports provided different statistics and so did the interviewees. In the final analysis
we have tried to integrate the results by using the data as used by Tata Energy
Research Ingtitute in New Delhi and Energy Research Ingtitute in Beijing in relation
to the RAINS Asia Modd as a starting point and for the rest of the data we have
relied to the extent possible on domestic sources of information.

Aggregation and disaggregation of data: While the RAINS ASIA model provided
aggregate data, disaggregating the data to make it consistent with the bottom-up
demand and institutional research was a magjor challenge. To the extent possible we
have tried to use some rules of thumb to deal with this issue. This weakness is a
common weakness of most integrated assessment approaches (Rotmans 1998: 164).
Different time frames and speculations on the future: In developing scenarios, it is
imperative to identify assumptions in relation to the future. Using data from planning
documents while authoritative may not be a reflection of how the sector will
develop. In fact, if there is one thing that the planning records show in India, is that
the plans are never implemented in time and the optimism reflected in the plans are
not reflected in the reality of implementation. Furthermore, a key point that emerged
from the interviews was that as both countries are in a process of economic (and
political in the case of China) transition, and since thisimplies structural change, itis
extremely difficult to extrapolate into the future. We have thus used common sense
in developing these scenarios, and these scenarios are at best speculations about the
future, not predictions.

Identifying the stakeholders and securing and double-checking information: A key
challenge in such research is does one identify the stakeholder first or the issue, since
this has enormous consegquences for the outcome of the research. Identifying
stakeholders in India is not a problem and we were able to meet many experts and
discuss the issues with them. In China, this is a more chalenging task; as the
stakeholders outside government are very reserved regarding their position, the
majority of the Chinese interviewees were relatively less informed about the details
of the climate policy process, but were more informed about the energy policy
process. The policy-making procedures in China appear to be very centralised and
are concentrated in the hands of a few insiders in the process. Furthermore, Chinais
still in the process of evolving into a democracy and there are not many who are
openly critical of the system. An interviewee explained that “One needs to
distinguish between how prudent people and scholars in particular and how radical
people view the issues. Prudent people tend to include scholars, people from the
older generation and officials. These people are likely to emphasise that the views of
the Government are based on the concerns of the people. Radical people may
emphasise the opposite. Sometimes people have two faces. In universities, there is
some degree of freedom in the discussion within the classroom, however when we
publish in academic journals we have to be prudent, so we tend to be technical and
not critical”. > However, although human right issues are considered to be extremely
sensitive, the environment in contrast is not a politicaly sensitive issue.®
Environmental issues are more technical. In general environmental issues are
covered in the newspapers but not human rights issues. ’ There appears to be a strong

Meeting 12, 1999
Meeting 12, 1999.
Meeting 12, 1999.
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tendency to consider the environmental issues as a scientific and technical issue as
opposed to a political issue of how environmental problems need to be resolved.
Most of the people we met during our meetings were also very cautious; and there
were limited discussions during the workshop which took more the form of expert
presentations and clarificatory questions. Nevertheless, we were able to identify a
mainstream view from the prudent interviewees and a cautious critical approach
from some of our more radical interviewees. While the mainstream view was that
China had a unitary system,® the government made policy in the public interest and
people should implement these laws,® there were others who claimed that China can
hardly be seen as monolithic,’® and the lack of implementation of environmental
policies reflected the lack of general public support. This makes the use of
stakeholder approaches more complicated in China and the results may not be
entirely robust.

Qualitative and quantitative dataz We aso faced the challenge of integrating
gualitative data from the interviews and workshops with the quantitative data
emerging from the scenarios in order to develop the feasible scenario. Our solution,
thought not perhaps elegant, has been to indicate the maximum technical feasible
options in scenarios and then to present the feasible scenarios through a qualitative
analysis. This, too, is a common challenge faced in integrated assessments (Rotmans
1998: 164).

However, on the whole, we believe that our combined methodologies have increased the
value of the results of the research and that such an approach may be useful for others
who wish to conduct similar analyses.

2.5 Summary

This chapter states that the book uses an integrated assessment model which builds on
three approaches — a top-down scenario approach, a bottom-up technology approach and
an interactive stakeholder and ingtitutional approach. The approaches have been
combined in a framework that allowed for systematic evaluation of the key issues. We
believe that the combination of the three approaches helps to increase the value of the
results for policymakers.

8
9
10

Meeting 2, 1999.
Meeting 11, 1999.
Meeting 1, 1999.
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3. China

Authors: Kees Dorland and Joyeeta Gupta'

3.1 Introduction

This chapter introduces the issues relating to electricity supply and demand in China
based on a literature survey and institutional analysis. Chapters 5, 6, and 7 examine
business-as-usual scenarios for the Chinese electricity sector and technical options for
reducing emissions. Chapter 8 looks at the feasibility of these options while Chapter 9
analyses the feasibility of other low emission scenarios. In Chapter 10, we examine the
perceptions and policies of China on the global problem of climate change and the
willingness to link electricity policy to climate change policy. The electricity supply has
been analysed in more detail than the demand side. More detailed information on the
demand side can be found in Chapters 6, 8 and 9.

The introduction first gives a brief geo-political background, introduces the issue of
greenhouse gas emissions and other environmental issues, presents the lega and
organisational framework of the energy sector and discusses some general economic key
issues. In the next two sections the electricity supply and demand sectors are briefly
presented and key issues and policy in the sectors are discussed. The fourth section gives
some options for policy improvements identified in the literature. Finally the fifth
section presents afirst round of analysis of ingtitutional policy options.

3.1.1 Geo-poalitical background

Twenty years ago China was among the world’s poorest countries. 80% of the
population was living from less than US$ 1 per day and only 1/3 of the adults was
literate. However, the economic reforms between 1978 and the present seem to have
paid off. Between 1980 and 1995, China' s GDP grew with an average of 9.4% annually.
In 1995 China was the world' s eighth largest economy with a GDP of US$ 696 billion.
By 1997 GDP had grown to US$ 802 billion with inflation at 2.8%" . Chinas income is
rising at least twice as quickly as energy use. In other words, China has reduced its
energy intensity by 4.5 percent each year over the past two decades. China's achievement
is unique in the developing world (Chandler et al. 1998).

The population was 1.1 billion in 1990, which is about 20% of the world’s population. In
July 1997, Hong Kong, with a population of some 6 million people, reverted to China.
Although China has a large and rapidly growing economy, since the recent economic
growth has exceeded population growth, the average standard of living isimproving. By
1995 illiteracy had dropped to 18% of the population, consumption had more than
doubled and poverty rates declined (** and OECD 1996a). However, the developmentsin
the coastal and urban areas are much faster than in the rest of the country.

The population growth is slowing down and is expected to drop below 1% after the year
2000. The infant mortality rate is low (38/1,000) and life expectancy high (70 years
overal). The main population group consists of the Han Chinese (91.9%) while minority
ethnic groups include Zhuang, Manchu, Hui, Miao, Uygur, Yi, Mongolian, Tibetan,

1 With contributions from K. Boutachekourt, C. Kroeze, M. Hisscheméller and J. Vlasblom.
2 http://www.worl dbank.org/html/extdr/of frep/eap/china.htm.



Buyi, Korean, and other groups. The total work force is 699 million people of which
60% is employed in agriculture and forestry, 25% in industry and commerce, 5% in
construction and mining, 5% in social services, and 5% in other areas. Women comprise
over 40% of the labour force, but this excludes the large number of women engaged in
agricultural and household work®®. The important Chinese industries include textiles,
garments, machinery, cement, iron and steel, coal, and oil. The state owns most of the
large companies, of which some 40% operate at a loss. Therefore, reforming the
organisational structure of these large companies is a policy priority. China has recently
announced its policy to speed up the privatisation of many companies (EIA 1998).

The Chinese electricity sector is influenced by the political reforms that have taken place
in the past two decades. In 1987 the Communist Party decided to modernise the
economy in accordance with plans as described in ‘the four modernisations’ developed
by Deng Xiaoping. With these modernisations a programme for political reform,
intended to restore the trust of the people in the Party, was envisaged. The agricultural
sector, industry, defence, science and technology had to be reformed and modernised.
The aim was to increase the GNP and the per capitaincome by a factor 4 between 1987
and the year 2000.

As Deng Xiaoping came to power aso the political structures were reviewed. Deng
Xiaoping made the survival of the Party more or less dependent on the success of the
‘four modernisations'. The large-scale experimentation with economic and political
reforms was, however, halted by the massacre in 1989. In 1992, Deng Xiaoping declared
that the reforms should again be continued. He suggested that experiments with
introductions of capitalistic elements should be made provided the socia character of the
Chinese economy (e.g. the ownership of production goods) was to be maintained. The
capitalistic elements included the introduction of market mechanism, market orientation
of state companies, afree labour market and stock markets.

These reforms led to a spectacular economic growth of 13% between 1992 and 1994.
Deng Xiaoping's capitalistic politics were even included in the Chinese constitution.
From that moment, China aimed at forming a socialistic market economy with a large
role given to demand and supply.

In 1993 Deng Xiaoping officially retired and Jiang Zemin was his successor. However,
Deng Xiaoping remained the key figure in Chinese politics until his death in 1997. Since
1989 Jiang Zemin is the General Secretary of the CCP. In 1998 the new government
announced a further reorganisation of government and to restructure the state companies.
However, the economic problems in Asia a that time and the genera fear of the
government for socia unrest have slowed down these reforms and reorgani sations.

These continuous reforms and reorganisations in government and the energy sector
provide the background in which the options for modernising the electricity supply and
demand sectors in China was performed. It is obvious that this has been a very complex
process and that there are many uncertainties that could lead to unforeseen changes in
the direction of developments.

3.1.2 Chinaand GHG emissions

The CO, emissions have increased by around 5% annually in all economic sectors in the
80s except in the transport sector where CO, emissions have not increased significantly

B http://www.eia.doe.gov/emeu/cabs/china.
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in that period. The energy consumption per capita is low due to the low state of
development and low access to electricity. The per capita consumption has decreased by
50% since 1970. Nonetheless, the Chinese industrial CO, emission is the third highest in
the world after the US and Russia. These high emissions are mainly due to the high coal
dependency of the energy sector.

Van Ham et al. (1996) analysed the CO, emissions in China by province and sector in
detail. A summary of their findings is presented in Table 3.1. They found that total CO,
emissions in China were 5.3 billion tonnes of CO, in 1994. As the key data was actually
1990 data it can be argued that this could as well be seen as a 1990 emission value. Van
Ham et a.(1996) concluded that the key sectors are the electric power sector, the iron
and steel industry, the chemical industry, the non-metallic mineral industry, the
residential sector, cement manufacturing and biomass burning (especialy agricultura
waste burning; 5.9%, and residential fuel wood and waste burning; 8.4 and 10.0 %
respectively). Note that the figures in Table 4.1 differ from the estimates made in this
study since this study focuses on the electricity use in the sectors only while van Ham et
al. (1996) include all energy use.

Table3.1  CO, emissions from total fuel consumption (including direct fuel consumption fromin-
dustry) by sources and sectorsin China in 1994.

Source/Sector CO, emission
Mton CO, % of tota
Fossil fuel combustion 3276 61.3
Transformation sector 1061 19.8
Industrial sector 1445 27.0
Transport sector 115 2.2
Farming, Forestry, Fishery and Water conservation 76 14
Residential sector 297 5.6
Others 128 24
Non-energy use and process emissions 208 3.9
Cement manufacturing 76 14
Naphta- and natural gas feedstocks in chemical industry 297 5.6
Lubricants and L PG use 128 2.4
Biomass burning 1432 26.8
Non-fuel use 358 6.7
Fuel use 1073 20.1
Coal fires 430 8.0
Total 5346 100.0

& Commercia and Public Services, others.
Based on van Ham et al. (1996).

In a World Bank study, the 1990 CO, emissions were estimated at 2.5 billion tonnes
(Johnson et al. 1996). In this estimate only the emissions from the power sector,
industrial boilers, residential coal use and the cement industry are included. Biomass
burning is not considered in the analysis as this is assumed to be renewable. However, it
is only the case if the biomass is produced sustainable, which can be disputed for a
number of reasons. Furthermore, other emission sources were also not included. The
total estimate for the sectors analysed is comparable with the estimates for these sectors
produced by van Ham et al. (1996).
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Van Ham et a. (1996) also argue that increases of CO, emission of 10% annualy are
conceivable. The enormous economic growth is responsible for amost 80% of the
increase and the population expansion is responsible for amost 20% of the increase).

3.1.3 China' s environment

As mentioned earlier, the Chinese economy is heavily dependent on coa for fulfilling
the enormous demand for energy. This, combined with the poor technology in use and
the lack of SO, and NOs emission control technologies, causes severe loca
environmental pollution problems in many parts of the country and high CO, emissions.
In most Chinese cities the SO, air concentration level are well above international
standards. Five Chinese cities (Guangzhou, Shanghai, Senyang, Beijing and Xian) arein
the top ten of the most polluted cities in the world. (China Energy Databook 1996)

China has achieved a lot in the area of particulate matter (PM) emission control. These
emissions from units larger than 6 MW have almost stabilised. The total emission only
increased with 4% between 1987 and 1994 while the total installed capacity almost
doubled. The average PM removal rate increased from 92% to 95.6% and the number of
installed removal equipment increased from 100 to 364 in the same period (Chandler et
al. 1998).

The progress with reducing SO, emissions by using flue gas desulfurisation (FGD) units
is still relatively limited. In the past it was thought that this problem could be dealt with
by just raising the height of the stack. However, this only increased the acid rain problem
(Chandler et al. 1998). Regarding NOy, emission standards still have to be developed in
China. However, new units are obliged to have low NOy burning technology (Chandler
et al. 1998). By 1987 only 60% of the plants met national standards for emissions to
water. The direct emissions of slag and ash directly to rivers and lakes created large
environmental pollution. By 1995 these emissions had stopped completely. However,
this created a new problem as the utilisation of slag and ashes from thermal plantsis still
very low (37% in 1994).

A solution to the environmental problems related to the emissions from thermal plants
could be by changing the fuel or switching to other power systems. However, these have
their own environmental problems as well. For instance, hydropower leads to significant
ecosystem damage and in many cases large groups of the population in the area have to
migrate. Nuclear power brings operation risks and waste problems. A recent study
performed by the World Bank (1997a) estimated the total costs of water and air pollution
in Chinaat 8% of its GDP (US $ 50 billion annually).

3.1.4 The Legal and organisational framework

In this section the legal and organisational structure of the Chinese electricity sector is
discussed. However, the electricity sector in China cannot be discussed without
discussing the energy sector as a whole and the overall politica and organisational
structure. Hence, a brief description of the political and organisational developments in
the past decades is provided here.

3.1.4.1 The Environmental Laws

Following the United Nations Conference on the Human Environment, domestic laws on
the environment were developed. A second international stimulus came with the United
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Nations Conference on Environment and Development in 1992 and the domestic
political change in 1994 (Qijia 1998). Since 1997, when the new generation of
communist leaders took over, there have been some changes (Xi 1997).

Since 1980, China's central leadership strengthened its environmental legislation when it
promulgated the Environmental Protection Law. Many laws, acts and regulations
followed. Local environmental protection bureau’s developed their specific laws, which
were often more strict than the nationa laws. In the Basic Law on Environmental
Protection it is stipulated that all large - and medium- sized projects must pass
Environmental Impact Assessments (EIA) before the project can be approved. In 1989
the Environmental Protection Law was amended. The 1989 version has strengthened the
operational authority of environmental protection organisations by offering clear
authority for on-site inspection and demanding companies to co-operate (OECD 1996a).

Apart from protection laws, Chinese environmental management relies heavily on the
362 national and industrial environmental standards that were applicable in 1995. If
companies fail to meet the standards they are charged afee for violation of the standards.
However, these fees are often far below the marginal costs of abatement technologies
that would have to be implemented to meet the standards and thus many firms choose to
pay the fees rather than invest in pollution prevention and new technologies. The
companies can borrow money for financing abatement technologies at reduced rates
from the State, however, awareness of these types of possibilitiesis low (OECD 1996a).

The environmental legidative framework in the Basic Law on Environmental Protection,
is presented in Figure 3.1. There was no legidative framework for the electricity sector
in China before the Electric Power Law was introduced in 1996. The €electricity sector
was ruled by government directives, which were drawn up by many institutions on all
levels within the government organisations. Thus, the electricity sector was subjected to
more than 500 laws, regulations and administrative directives. There was a lack of co-
ordination of the legidative conditions and the directives were at least confusing but
sometimes

The lack of a legidative framework also resulted in extensive problems regarding the
identification of and obtaining documents with the rules that should be used for the
sector. Insight in legislation was obtained through discussions with and speeches from
government officials.

The Electric Power Law offers an extensive framework for reform and development of
the electricity sector. However, it needs ot be modified further to make it more market
oriented. Most of the generation companies are till dependent of State Power. Since
there is alarge number of electricity production companies, the law stimulates merges in
the sector. The law acknowledges a role for foreign investments, including direct
investments in power plants trough joint ventures with foreign companies. The foreign
investments have to be in line with the national industrial policy and projects mentioned
in the ‘Ninth Five Year Program’. Foreign loans, but not foreign investments, are
admitted in the development of distribution networks. The Electric Power Law aso
regulates the development of electricity production and management to guarantee the
safety and reliability of the distribution systems. It also protects the juridical rights of
investors, managers and consumers.
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State Constitution (1982)

Basic Law on Environmental Protection
(1979, amended 1989)

Specialised Laws

Local Laws
Local laws approved by the provincial
and lower-level people's congress
to adapt national statutesto local conditions

Administrative Decree
Regulations approved by the NPC, such as:
regulations on on strengthening the managemnet of Environmental Protection in Rural and State Enterprises and
regulations on Integrated Technical Renovation and Pollution Contyrol in the Industrial Sector

L ocal Regulations
Issued by the local-level administrative agencies

Regulations
Issues by National Ministries and bureasus suc as NEPA, such as:
procedures concerning the retention of profits by the Industrial and mining Enterprises for products derived from the recovery of was
te materials and other pollution control measures, and; procedures for the management of environmental protection standards

State Standards
Ambient Standards Emission Standards

Ministrial Standards Local Standards
Include measurement procedures, equipment performance, and other technical criteria, such as:| | Primarily include the setting of geograpjica boundaries for ambient and environmental quality
forestry, building materials, metallurgical industry, transportation, rialways, etc.

Figure 3.1 Environmental Legidlative Framework



An Asian Dilemma

To implement all the laws on resource and environmental protection (especialy the Air
Pollution Control Law and the Energy Conservation law), the State Government enacted
120 administrative regulations, and local authorities enacted over 600 regulations and
about 400 nationa standards were adopted (Xiangcong 1998). The principles guiding the
laws include the recognition of the need to develop sustainably; which implies
prevention in preference to curative approaches, the study of foreign legisations to draw
lessons from them and harmonisation with international laws (Xiangcong 1998).

3.1.4.2 Centre-State Relationship

Despite the political and organisational reforms in China the decision-making process is
still very much top-down (e.g. state oriented). The bureaucratic system consists of many
layers. At the top there are 25 to 35 leaders followed by severa intermediate links and
staff-organisations, the State Council Commissions and national and provincia
departments that implement policy.

Due to the current economic reforms more autonomy in the policy making process has
been given to the provincia level. Thisis especially the case in the fast growing coastal
and southern provinces. With these reforms an attempt at reaching more consensusin the
policy making process is made.

China is governed on the basis of forma authoritative structures, which consist of
networks of thousands of individuals with mutual obligations. Loyaty plays an
important role in these networks. The relation between the state, the townships, the cities
and the provinces in 1998 is presented in Figure 3.2. Since 1998 many changes in the
Centre-State relationships are taking place.

State

I |
Central Citiesa Autonomous Regions b Provinces
(zhixiashi) (zizhiqu) (sheng)

City
(shi)

!—‘—\

District County
(qu) (xian)

!—‘—\

Townshipc Townc
(xiang) (xhen)

a There are three large cities directly administered by the state (Beijing, Shanghai and Tianjin) .
Thus they have the same position as the provinces.

b Eequivalent to provincesin the national minority areas.

¢ Regarded asrural.

Figure 3.2 The structure of China’s government system.



The Chinese decision making process is also influenced by foreign factors. To obtain
new capital and technologies Deng Xiaoping extended the ties with industrialised coun-
triesin the 80s as a part of the new policy. The urge to heavily invest in modernisation of
the energy sector raised concern on the environmental impacts with the industrialised
countries. Funding organisations, such as the World Bank, pointed at the importance of
environmental measures. New technologies, however, in many cases aready are
equipped with environmental measurement devices (such as air emission measurement
devices). The government’s wish to raise the level of production to international stan-
dards in many cases also included the introduction of the high international environ-
mental standards (Livernash 1996 p.64).

3.1.4.3 The government bodies

Until 1998 the electricity sector consisted of around 10,000 legal entities, 80,000
electricity production companies and 1,600 distribution companies. All companies are
branches of State Power. This large number of organisations increases the co-ordination
problems between the production and distribution companies. According to Shiwei et al.
(1997: 4), many of the production companies operate as autonomous subsystems,
especially in the countryside.

The organisation of the political administrative structure of China has been changing
several times over the last decade. The State Council can be seen as the government of
China. Below the State Council many Commissions and Ministries operate. These are
the departments that develop policy. The Ministries and Commissions steer the
Corporations, which can be seen as the utility companies. Many of these utility
companies become independent and start defining their own management within the
boundary conditions given by the government. The Ministry of Electric Power (MOEP),
the Ministry of Coa Industry (MCI), the China National Petroleum Corporation, the
China National Offshore Oil Corporation and the China Nationa Petrochemical
Corporation dominated the energy sector until 1998.

In 1972 China prepared a statement on environmental policy for the UN Conference on
the Human Environment held in Stockholm. This eventually led to the foundation of the
National Environmental Protection Agency (NEPA). The NEPA became independent in
1988. IT became a ministry in 2001 and renamed State Energy Protection Agency.
SEPA is responsible for al aspects of related to environmental policy and management
but has to share its authority with many other organisations.

China has aso established the National Clean Production Centre (NCPC) in December
1994. This Centre promotes clean production technologies, conducts industrial pollution
audits, provides technical training and international exchange. The Centre serves as a
link to Section 3 of Agenda 21. More than 3000 enterprises are identified as heavy
polluters by China. They have to bring down emissions within a given timeframe
(OECD 19963).

The People’ s Bank of China (PBC) aso plays arole in environmental enforcement. The
loans and grants for pollution abatement projects are increasing and are distributed by
commercial banks, such as ABC, CIB, CB and the National Development Bank. From
1995 onward they demand projects to comply with all applicable environmental laws
and regulations (OECD 1996a). With entry into the WTO, China will also open up the
banking sector.
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In March 1998, the National People' s Congress elected Zhu Rongji as Premier, replacing
Li Peng. Just before his election, the legislature approved a major government reform
package, which will eliminate or merge 15 of the 40 ministries and abolish 4 million
government jobs in three years (a 50% reduction). Under this reorganisation the minis-
tries of electric power, petroleum and chemicals are to be transformed into state-owned
corporations (EIA 1998). The MOEP and the MCI were abolished and some of the gov-
ernment functions were redirected to new bureaux in the State economic and Trade
Commission (SETC). However, the ownership, enterprise management regulation and
policy formulation continued to be unclear and even seems to have become more com-
plex then before™. The energy sector organisations and their specific responsibilities un-
til 1998 are shown in Figure 3.3. Since 1998, many changes have occurred and the in-
dustrial ministries have been abolished.

1 Energy Policy and Structure in the People’'s Republic of China (1998), http://iceu.net/china, 5 February
2001.
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State Council
The State Council functions as a government headed by the Premier

The State Planning Commission (SPC) has ultimate au-
thority for energy project approval, budget alocations,
and financing arrangements. Thus, the SPC has a big in

Corporations under the State Council
The China National Petroleum Corporation (CNPC) is responsible for al onshore upstream oil and gas operations, includ-

fluence on energy policy in China. The SPC is also ded -
ing with foreign investments.

The State Science and Technology Commission
(SSTC) and the State Economic and Trade Commis
sion (SETC) are also involved with energy industry de
\vel opment and efficiency increase.

The Ministry of Power Industry which regulates power
production, is being transformed into a new nationa
power company.

|H uaneng Group Inc. I

State Power Corp. was established in 1997 to handle
business aspects of the industry, with generation and
transmission the responsibility of regional subsidiaries.

The Ministry of Water Resources is concerned with

ing shallow water areas. In the past few years, CNPC has begun the transformation into a multinational integrated oil com-
pany, establishing subsidiaries and acquiring overseas acreage and refineries in pursuit of export markets.

The China National Offshore Oil Corporation (CNOOC) was established in 1982 to explore China's offshore petroleum re-
sources. CNOOC has four regiona subsidiaries (Bohai, East China Sea, Nanhai East, and Nanhai West) and severa special-
ised subsidiaries. China established athird state oil company, China National Star Petroleum Cor poration,in January 1997.
The company is awaiting central government approval of four proposed exploration ventures with foreign companies.

The China National Petrochemical Corporation (Sinopec) is responsible for petroleum processing and product distribution,
controlling production facilities for 90 percent of China's refined oil products and over three-quarters of its petrochemicals.
The China National Nuclear Corporation (CNNC) is a conglomerate of more than 200 enterprises and institutions con-
cerned with China's nuclear power production and waste disposal facilities. The China Institute of Atomic Energy (CIAE)
operates under the CNNC and the China Academy of Sciences (CAS). It is a huge multidisciplinary institute with 3800 em-
ployees, including 900 senior scientists and senior engineers. It deals with nuclear energy- science and -technology. It is a
well-equipped organisation and makes significant progressin R&D. It also uses its authority to influence the civil market. The
China Energy Investment Cor poration (CNEIC) oversees major investment loans for the energy sector.

China's hydropower production.

:The Ministry of Foreign Trade and Economic Cooper ation

]
|China International Water and Electric Comp. |

|TheMinisIry of Agriculture I—

|
The China National Chemicals Import and Export Corporation (Sinochem) is primarily involved in imports and exports
of crude ail, petroleum products, and natural gas.

| Unipec (1|‘or Sinopec) | |ChinélOiI (for CNP) |

The Ministry of Coal Industry allocates national coal production and coordinates production activities by central-
government-controlled mines (about 45 percent of nation-wide production) and "local” mines (collective or private-ownership

|TheMinisIry of Geology and Mineral Resour ces 'r

mines as well as state-owned mines operated at the provincial, prefectural, or county level).
I

|TheMinistry of Foreign Affairs l—

Figure 3.3 Organisation of the Chinese energy sector unt

China National Local Coal Mines Development Co-operation
China North East and NEI-M ongolia United Coal Co-operation

1998 (Adapted from EIA 1998).
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3.2 Electricity supply

3.2.1 Introduction

The power industry is referred to as the centre of energy development. The Chinese
electricity sector is the second largest in the world after the US electricity sectors.
China’'s electric power industry has developed very quickly over the past decade. The
gross electricity production installed increased from 2.2 EJin 1990 to an estimated 4.3
EJ in 2000 (see Chapter 5). Many new power plants were relatively efficient because
they were larger, reaching 200 megawatts and higher. However, a large number of
smaller, inefficient, plants were also added to quickly meet soaring demand. Most of the
country’s 1990 electricity was generated with thermal capacity while about 20% was
hydro based and 1% nuclear based. The main share of the thermal capacity was coal
based (5.8 PJ primary energy equivalent in 1990, see Chapters).

Before 1987, China's electric power supply consisted only of conventiona coal-fired,
oil-fired, and hydropower plants. The electric power supply mix began to change during
the late 1980s. In 1993, the first large-scale pumped storage hydropower station was put
into operation. In 1995, hydropower stations with a total capacity of 45 GW were under
construction, including the massive 18 GW Three Gorges Dam. Foreign investors have
built severa relatively small oil- and gas-fired combined cycle units in recent years,
primarily along the eastern and southern coast. China also started commercia nuclear
power production in 1992. By 1995, China had installed wind power farms, solar
photovoltaic, geothermal, and ocean tidal power stations reached 50, 6, 32, and 11
megawatts of capacity, respectively (Chandler et al. 1998; Shiwei et a. 1997). By 2010
it is expected that coal based systems will still account for most of the electricity
production in China. It is expected that in 2010 hydro plants will produce about one-fifth
of the electricity.

3.2.2 Policy

The electricity sector went through many important organisational changes that are part
of the changes of the Chinese socialist market economy. This section gives a brief
introduction to the most important policies: economic reform, reforms in the electricity
sector, electricity pricing, nationa investment, energy policy and foreign investment.

3.2.2.1 Economic reform

In the mid-90s a change took place as the country experienced a process of both decay
and modernisation of the institutions. Many of the existing political-administrative
institutions could not keep up with the reforms initiated in the period that Deng Xiaoping
was in power. The reforms were mainly economic but they were based on
decentralisation of economic power. This means that the authority of several actors was
transferred to other actors. In this decentralised setting the government in Beijing would
have less power over the decision-making processes at the provincial level.

Before 1998 a few ministries and companies such as the Ministry of Electric Power
dominated China’s energy sector. The sector is now dominated by State Power.

Although there is a gradua trend towards using economic instruments, ‘command and
control’ instruments still are very dominant. In the environmental area, some economic
instruments have been used, such as national pollution exceedance charge; effluent



charges, user charges, SO, charge, ecological destruction compensation, mineral
resource compensation, resource taxes, tradable permits, deposits for clean up
operations, subsides etc (Jinnan and Xinyuan 1997: 17). Of these the pollution levy
system has been used for 16 years and works well.

However, the economic reform also faces problems. The instruments are not always
consistent with the shift towards a market economy. E.g. the pay back principle in the
pollution levy fund and the loan forgiveness provisions are not consistent with the
polluter pays principle. The existing policy instruments do not reflect the true
environmental costs, and the existing policies are inconsistent (e.g. enterprises in some
cities may pay charges on 11 parameters to 6 government departments, sometimes for
overlapping issues) (Jinnan and Xinyuan 1997: 19-20).

3.2.2.2 Reforms in the electricity sector

The four basic problems with the power sector in China were the centralised organisation
of the power sector, the direct management of the power sector enterprises by the
government, the lack of a transparent legal and regulatory system, and the absence of
incentives for efficiency (Shiwei et al. 1997).

The Chinese government has recognised these problems and since 1985 the electricity
sector is being reformed. In 1985 the State Council adopted the “Provisional Regulation
on Encouraging Fund Raising for Power Construction”. The reforms include the
separation of the government from power enterprises, the corporatisation and
commercialisation of power enterprises, and the introduction of competition in
generation. In this document the wish to admit more private investments from national
and foreign sources was made explicit. The aim was to speed up the process of meeting
the shortage in electricity supply. Since then the national and foreign investments have
grown substantially. This also led to more competition. However, the reforms are more
an answer to the acute problems than born from a long-term strategy.

Most reforms were directed towards electricity production so as to tackle the problems
with shortage in supply. The reforms were introduced to stimulate investments and a
partia rationalisation of the electricity tariffs. Little attention was paid to modernisation
of transmission and distribution networks. Also little attention was pad to
commercialisation of the different parts of the organisations responsible for delivery of
goods and services.

According to Shiwei et al. (1997) there are concerns within the sector that these reforms
will fail if the government regulatory system for the sector and enterprises is not
reformed. Since 1998 many additional reforms have taken place.

3.2.2.3 Electricity pricing

The electricity price was totally regulated. The State Planning Commission (SPC) was
the highest authorised organisation in electricity pricing and in theory they must approve
any deviations from the catalogue price, 0 they are responsible for planning and reform
of price adjustments. SPC reports to the State Council (SC) at least once a year after
which they can implement plans/reforms approved by the SC. The provincia price
bureau’s and the provincial eectricity bureau’s implement the plans and reforms in
practice. The country catalogue price is set and approved by SPC annually. However,
this does not mean that there is a uniform pricing system. The electricity price is derived
from the government set basic price and a number of national, provincial and local
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surcharges (Estrada and Bergesen 1997:19). The catalogue prices take into account local
and grid specific factors, such as transportation costs, distribution losses, electricity
production costs, fuel costs (coal prices), etc. In 1993 the price differences among the
grids were dtill significant with the lowest prices in the south-western provinces where
hydropower is the main source of eectricity. The highest prices could be found in the
eastern and south-eastern provinces. Price differences for the same type of user were
different up to a factor 2 to 3 for different grids. Rural users generally paid the highest
prices, which could in some cases even be a factor 5 higher than in south-western urban
areas. Furthermore, peak prices were up to 40% higher than prices during non-peak
hours in some areas, while during periods with low demand prices they could be 35%
below the regular non-peak hours. The basic and wholesale prices for irrigation in poor
areas on average were respectively 50% below or equal to the State Power Co-operation
Company (SP) prices in most grids. The wholesale price for agriculture is the price set
especially for the rural areas where the distribution facility is not affiliated with the
integrated network. Before 1988 the average wholesale price was stable but between
1988 and 1992 the annual increase was around 10% and even over 30% in 1993. In 1995
the price increase dropped to only a few percent again to produce an average electricity
price of 27 US$/MWh (Chandler et al. 1998).

The fact that power production enterprises raised the charges individually hindered the
natural growth of the State’s electricity prices and has reduced the country’s capacity to
withstand price reform in the power industry. In the Electric Power Law (promulgated in
1995) it is stated that for the same type of consumer and in one grid the prices should be
the same. The Chinese government in 1997 intensified its effort to reform electricity
tariffs. In 1997 in 18 of the 27 grids under the SP a unitary selling price schedule became
operational. This means that special local charges are no longer added to the country
catalogue prices. The catalogue prices are still differentiated for different categories of
consumers and depend on the peak demand, transmission capacity of the network and a
‘power factor demand charge’ . Exceptions to this price structure can be applied for
individual users.

China still uses two types of tariffs: the old administered prices for old power plants and
"guidance" prices for new power plants, though the gap between the two types is
decreasing. The government hopes to unify the price of electric power within grids soon,
but many obstacles remain. The government still controls prices for some residential
customers, large state-owned enterprises, and agricultural consumers. Subsidies to these
sectors are decreasing but have not been completely abolished, particularly for irrigation.

Shi Dazhan, the Chinese power industry minister, announced in 1998 that the charges for
electricity will be further standardised and that inspections on electricity tariffs will
increase to stop pricing irregularities. To further standardise the tariffs guidelines in
which fuel and transportation costs will be taken into account will be developed.®®

3.2.2.4 Nationa investment

In 1980 the Chinese government initiated policy to emphasise energy exploitation and
conservation, although it emphasised especially exploitation. Only some 6% of all
investments between 1980 and 1990 were for energy conservation. The relatively low
atention for conservation is due to the fact that the Chinese government has
decentralised control over resources and has delegated decision making to local

5 http://203.207.119.2/sicnet/si ccew/cewhtm/m073.htm , dd. 10/02/98.
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governments and enterprises. The central government is still responsible for about 70%
of budgetary financing for capital construction investments while the local governments
and the enterprises control most technical updating investments. The current subsidies on
energy consumption do not give an incentive to invest. Thus, the success of the
implementation of these technical measures is very much dependent on the reform of
energy pricing.

The State opts for collaboration through joint ventures. The Chinese share in large joint
ventures is usually dominant. However, the State has prescribed that the main part of the
production units should be built with Chinese technology. A coherent distribution system
for the whole country will have to be developed to tackle the existing problems between
regional and local distribution systems.

3.2.2.5 Energy policy

The reforms started in the 80s were accelerated in the 90s. Below the Chinese
memoranda on energy policy is discussed.

China’s Agenda 21 programme

The 1994 ‘White Paper on China's Population, Environment and Development in the
21% century’ was in response to the ‘ Rio Conference’ in June 1992. This paper outlines a
strategic plan for the sustainable development of China and includes the electricity
sector. The State Council in Beijing approved this so-called ‘ Agenda 21 Programme’ on
25 March 94 (State Planning Commission 1994) and the plan should guide the
development of social and economic projects on medium and long-term and foreign
investors. The recommendations made are also to be found in the ‘Ninth Five Year Plan
(1996-2000).

The Ninth Five Year Plan

In 1995 the Chinese government issued the ‘Ninth Five Year Plan (1996-2000)'. In the
Ninth Five Year Plan the goa of improving the power effectiveness is set at: 330-360
million tonnes of standard coal, with a power saving rate of 4.4-5.0%. As cod is the
major source of energy for electricity production in China and the efficiency of the
plantsis low this sector has a high potential for energy saving.

The most important goals regarding the energy sector are a) a 9% annual increase in total
energy output until the year 2000; b) a 5% annual improvement of energy efficiency; c) a
7% annual increase of electricity production capacity —i.e. 16 GW annually (including
3.5 GW hydropower)- and the instalation between 1996 and 2000 of 80-GW new
capacity; d) achieving an installed capacity of 290 GW by 2000; €) an increase in total
coa output up to 1.4 billion tonnes in 2000; f) a boost proven reserves by adding 33
billion barrels of crude oil and 17.7 trillion cubic feet of natural gas by 2000; g) an
increase in crude oil output up to 3.1 million b/d and refinery output up to 4.5 million b/d
by 2000; h) an increase in natural gas production up to 833 billion cubic feet by 2000;
and i) having 70% of urban households using gas fuel by 2000.

China aso plans to extend the transmission system and couple the existing systems.
Furthermore, it plans to have one fully operational national network by the year 2020 *°.

18 http://203.207.119.2/sicnet/si coew/cewhtm/m043.htm
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Renewable electricity

Policy on renewable electricity production can be found in the both the Agenda 21 and
the Ninth Five-Year Plan discussed above. In 1995 the ‘Report on Strengthening the
development of New and Renewable energy in China and the ‘ Programme on New and
Renewable Energy Development in China (1996-2010) were approved by the State
Council. The programme is directed towards research, demonstration and dissemination
of new commercial technologies.**

A magjor option for reducing GHG emissions in Chinais afast introduction of alternative
(non-coal based) energy technologies. Increased support for developments in the
alternative technologies is needed. The alternative energy technologies could address the
problems created by environmental impacts. In the next two decades most aternative
energy technologies will probably be more expensive than large-scale coal conversion
technologies. Based on predicted costs alone large projects in the field of nuclear and
other large-scale non-coa technologies are probably too expensive. Thus, it is
improbable that market forces alone will lead to increased used of these technologiesin
the next two decades. Therefore, a programme of well-targeted government and
international co-operation for technology development and implementation is needed.
Primary emphasis should be placed on technologies that could play a role in the long-
term energy supply. Specia attention should be given to research, technology transfer,
technology demonstration and dissemination activities aimed at reducing the costs of
aternative energy supply and improvement of economic competition with coal based
technologies. There are some opportunities for no-regret investments in the field of
hydro plants, wind turbines, natural gas and fuelwood production (Johnson et al. 1996).

Barriers for further market development of renewable electricity are the high degree of
fragmentation of institutions, the lack of market (commercial) experience of institutions,
the lack of awareness of the potentials of renewables among decisions-makers outside
the renewable energy community, the lack of information exchange by practitioners of
renewable energy technologies, the insufficient access to advanced technologies as well
as to technica knowledge related to site selection and design optimisation, the
insufficient market regulation, the underdeveloped state of regulatory framework for
power sales (distribution), and the underdeveloped state of linkages with the financial
community (Taylor and Bogach 1998).

3.2.2.6 Foreign Investment

Before 1990 guidelines for foreign investments existed that were directed to gaining
access to technologies. There were aso guidelines for foreign investment for enterprises
focussing on exports. In 1995 the guidelines were detailed and in 1997 a new ‘ Catalogue
for the Guidance of Foreign Investment in Industry’ was issued. The main focus is still
towards gaining access to foreign technologies.*

It is estimated that around 20% of al investments will come from foreign investors. The
Chinese government creates international admittance to the Chinese market.
Encouraging foreign investment is a key feature of Chinese Government policy. It is
expected that around 20% of all investments in the power sector will come from foreign
investors. Although most investors have been expected to enter into joint venture
agreements (Hayes 1998: 29-30), the recent trend is to encourage even fully owned
foreign enterprises. In China's the recently enacted Build Operate Transfer Law alows
100% foreign ownership (China E-News 1997). The Government has also opened a
Centre for Transfer of Environmentally Friendly Technology, which is supported by the
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State Science and Technology Commission and the Asian Development Bank.'” The
government is also interested, it appears, in transferring existing power plants to foreign
operators under a Transfer-Operate-Transfer basis. China has adopted a new tariff policy
to boost foreign investment on 1 January 1998; these apply inter aia to high and new
tech technologies which replace outdated and inefficient equipment and accelerate the
technological transformation of traditional industries (China E-News 1998). The
government is encouraging bidding in relation to coal fired plants, renewable energy, the
grid system, and energy conservation projects

In their analysis of the foreign direct investment in China's Power Sector, the author’s
(Blackman and Wu 1999) conclude that the FDI has fallen far short of expectations of
the Government because of institutional barriers (e.g. approval process, regulations and
the risk of default on power purchase contracts), investors protect themselves by
investing in small scale, imported technology based projects in coastal area, and that one
third of the projects focus on efficiency enhancing generating technologies and one fifth
on cogeneration plants.

The Chinese government has granted the ‘ Build-Operate-Transfer (BOT) project’ (a 720
MW Laibin B coal fired plant) to a consortium led by The French EDF. A second project
isopen for bidding is a600 MW plant in the Hunan province.

3.2.3Key Issues
The key issuesin the Chinese electricity sector are discussed below.

3.2.3.1 Macro-economic factors

The economic growth in China is directly linked to energy-efficiency. Accelerated
development in the field of energy-efficiency will therefore lead in a faster development
of the economy which leads to more opportunities for implementing new, more energy
efficient, technologies. However, the difference in the increase in CO, emissions by
2020 between a low and a high economic growth scenario is expected not to be more
than 10% (Johnson et al. 1996; see Section 4.7).

Structural changes in the economy will probably continue to be the driving force for
further reductions in energy intensity. Because of the changes in the product mix and
sources of the increase of the value added in industry (especially from product
diversification, speciaisation and quality improvements), the energy use per head is
expected to decrease sharply in the next few decades (Johnson et al. 1996).

3.2.3.2 Management of the sector by the government

A big problem in the electricity sector is the lack of clearly defined rights of ownership
and control. The electricity production, transmission and distribution entities are largely
owned by the State. However, at all government levels a large number of organisations
participate in the process of management. Relatively few decision-making steps are
delegated. Where decision-making is delegated, the decisions still have to be checked by
government bodies. This makes decision making slow, diffuse, inefficient and non-
transparent. It also leads to negotiations between government organisations which only
act in their own interest. This also leads to big problems with setting tariffs and approval
of investments (Shiwei et al. 1997).

¥ China EE Info Bulletin, February 1997, http://www.pnl.gov/china/eeinfo97.htm
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3.2.3.3 Electricity pricing

Until recently power production and the grids were mostly government owned. The grids
were operated by the Ministry of Electric Power Industry directly (through large grid
authorities) or by the provincial utilities. Many electricity companies had two roles to
play. On the one hand they are government organisations and on the other hand they are
responsible for costs and profits. In contrast to the newer production units, which are
financed by foreign and loca investors and thus fully commercialised, the older units are
only partially commercial and under government control. The electricity produced by
these companies is alocated to the government. It was sold at lower rates than the
electricity from fully commercial companies due to subsidies (e.g. discounts) (Shiwel et
al. 1997).

According to Shiwei et al. (1997) tariff regulation is important. They identify the
problem that the consumer tariffs are till set at the central level (catalogue prices),
provincial level (guidance prices and surcharges) and municipal and county levels
(surcharges). These problems lead to low investments in the sector and inefficient
utilisation of scarce resources. The absence of clear pricing principles prior to the
Electric Power Law was introduced, and the fragmentation, opacity, and complexity of
the approval process discouraged investors. Shiwei et al. argue that prices are set without
any reference to economic efficiency or willingness of fina users to pay (the market
value), but are rather negotiated. Therefore, consumers get the wrong price signals.

Some of the most important problems of the sector are related to the inefficient tariff
structure. As mentioned before, the tariffs of electricity produced with older production
units are kept low artificialy. Also the costs of industry are kept low artificially to keep
up the standard of living. These developments limit the possibilities of the electricity
companies to be financialy self-supporting. It also undermines the development of the
sector. Furthermore, it results in a shortage in alocation of funds at a provincia and
county level, which slows down investments in the sector. The low tariffs also fail to
stimulate users to restrict their electricity use. This leads to a paradox in which, on the
one hand, there is an inefficient supply and, on the other hand, wastage in use (Shiwei et
al. 1997).

Shiwel et al (1997) identify the following problems with the producer and consumer
prices still applied in large parts of the country:

Producer prices. The “new plant-new price” policy has led to contractual arrangements
based on “take-or-pay” provisions providing for minimum use of power plants (generally
some 5000 hours per year) charged at an energy price covering the variable and capital
costs and a reasonable profit. The same price is applied for generation above this “take-
or-pay” provision. This one part tariff structure leads to over-investment in base
generation capacity and uneconomic dispatch because provincial power companies faced
with higher prices from new and efficient plants limit power purchases to contractual
minimum amounts and rely more on old, inefficient plants to minimise financial costs.
This aso leads to spilling of scarce resources.

Consumer prices. Consumers with similar consumption characteristics still can pay
different average prices because it is incorrectly assumed that they are being served by
different mixes of new and old plants. This leads to inefficiencies in competitiveness of
new industries because of high electricity prices that are above supply costs, and old,
inefficient industries to enjoy low prices below the supply costs. The last |eads to wastes
in electricity use. Furthermore, other problems are that voltage differentials remain low
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and do not reflect the supply costs, the demand charges are low and, when applied, only
cover fixed costs, and the time-of-day and seasonal tariffs used in some cases do not
consider the load profiles and time patterns of marginal costs of supply. Various
surcharges unintendedly led to different problems for the power companies and lack of
use of economies of scale and did not consider problems with transmission capacity
shortages.

3.2.3.4 Taxation

Before 1979 a relative simple revenue system for enterprises was in place. In 1979 this
system was replaced by a complex system including income and many other taxes. In
1993 the taxation system was again reformed and simplified. The new system includes
taxes on income (33%), turnover, investment, royalties, natural resource use, import
duties and many other taxes.**

3.2.3.5 Efficiency in production

The overall conversion efficiency in China is considerably lower than in the developed
countries in the world. Most of China's electricity companies are not only inefficient but
the quality of electricity supply is also low. The production companies themselves use
much of the produced electricity. Roughly one third of all companies are too small to be
technically efficient. This is not only the case for old companies but also for new
companies and distributors (Shiwel et al. 1997). The State fears that the arrears (e.g.
leeway) will even increase if no improvements are implemented.

According to Zhengyan (1997) the main difficulties with power saving in China are a)
the weakness in power saving legidation, the lack of power conservation laws and
regulations, and the insufficiency in law enforcement and monitoring; b) the reform on
economic system needs to go further and the mechanism with economic interests
encouraging power saving has yet to take form; c) the lack of power saving funds - i.e.
the need for the formulation of more economic policies such as power saving
investments and loan policies suitable for the market-economy; and d) the lack of social
consciousness about power saving - i.e. the need for the intensification of publicity and
training on power saving.

3.2.3.6 Renovation and modernisation

The need for large investments in the sector is acknowledged but the unclear, non-
transparent and complex investment processes slow down new investments which are
necessary for modernising and expanding the electricity supply in China (Shiwei et al.
1997). The energy savings potential in Chinais high. As discussed previously the energy
sector in China relies heavily on coa and the main air pollution and energy saving can
thus be found in coal application technologies.

3.2.3.7 Power shortage

Until recently the most important problem was the shortage of electricity. The electricity
sector was unable to meet the growing demand. This limits production in industry, which
limits economic growth. However, new power supplies and conservation efforts have
reduced this problem. Due to the economic crisis in Asia and domestic reforms in China
the supply exceeded demand again in recent years. Some regions now, in fact, face
temporary oversupply problems due to a combination of slower economic growth, rapid
supply expansion, and lost demand in closed factories. According to Chandler et al.
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(1998), supply shortages still affect many areas of the country; the regional power supply
situation ranges from adequate to severe shortage. In the north, minor shortages were
experienced, except in southern Hebei province. In the northeast, no shortages have
occurred because of sow economic development in recent years. In eastern China,
Shanghai and Jiangsu have suffered some shortages during peak summer periods, while
rapid economic growth and variations in rainfall affecting hydropower generation are
responsible for respectively serious shortages in Shandong and occasiona shortages in
Fujian. As in Fujian, hydropower generation problems caused shortages in Henan
(central China) during peak loads as well as in some areas of Sichuan (southwest). In the
northwest, supply shortages were often serious, except in Ningxia. Finaly, in
Guangdong, the electricity supply was adequate except for some areas in north and west.

3.2.3.8 Urban electricity use

The urban distribution networks are unable to cope with the ever growing household
peak demand. An investigation in Congging city shows that 50% of the 10 kV lines and
80% of the lower voltage grids needs to be replaced with grids with a higher capacity
(Falong 1995).

3.3 Electricity demand

3.3.1 Demand

Electricity demand has doubled between 1986 and 1995. The demand by sector and the
annual growth rates between 1990 and 1995 are presented in the table below. It is clear
that the industry is the major consuming sector. The growth rates of especialy the
residential, commercia sectors were very high.

Table 3.2 Gross electricity consumption by end-use sector in 1995 and annual growth rates be-

tween 1990 and 1995.
Sector 1995 1990-95
Annua Growth Rate
(TWh) (%)
Agriculture 53 4.6
Industry and Construction 535 7.0
Transportation and Communication 11 11.4
Commercial 20 16.1
Residential 104 9.3
National Total 768 8.5

Source: Rains Asia- 1999 BAU Scenario

3.3.2 Policy

This section gives a brief introduction to some policies in the demand sectors. As
discussed earlier the analysis of the demand sectors has been less elaborate as the
analysis of the supply sector.

The electricity demand sector went through many important organisational changes that
are part of the changes of the Chinese socialist market economy (see Section 4.2.2).

The government since 1979 has carried out energy conservation projects. In 1998 the
government formulated the Energy Conservation Law which contains many articles on
energy efficiency. As discussed in the supply analysis many energy efficiency policies
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have been described in several programmes, such as the Green Lights Programme (see
Chapter 6) and the Industrial Boilers Programme. New policy on cogeneration was
developed in the year 2000. Furthermore, policy on the closure of small, inefficient
plants was also developed in the 90s. This last policy was born from concerns for
environmental pollution and not directly from concerns for energy efficiency.

Although many policies have been developed the administrative rules, the financial
climate and the lack of financia resources stand in the way of large investments. The
current oversupply in many of the sectors and the low electricity price prohibits large
private investments in energy efficiency improvements. Private enterprises seem to
prefer small technological changes based on technologies available in China as opposed
to large technological changes for which they would heavily dependent of foreign
investments. Policy implementation of the closure of small, inefficient plants is
hampered by the fact that local governments depend on the tax income from these
companies and thus do not support the national policy and enforcement is low.
Furthermore, policy implementation is hampered by the fact that the central and local
governments fear social unrest due to unemployment.

3.3.3Key Issues

The following sections discuss the key issues and problems in the Chinese electricity
demand sector. The key issues ‘macro-economic factors and ‘electricity pricing’
discussed in the supply section is also a key issue for the demand sector. Other key
issues are energy efficiency, renovation and modernisation, power shortage, urban
electricity use and rural issues. These are discussed separately below.

3.3.3.1 Energy efficiency

Large opportunities for improving energy efficiency are in the boiler sector. Despite
major advances world-wide in boiler technologies, over the past 40 years China's
industrial boiler industry has operated in isolation of the rest of the world market. There
has been a growing international interest in the large scale boiler sector in China. Among
the reasons for the lack of foreign investments are: (&) low profit margins, (b)
development is over along timeframe, (c) for small scale boilers the partner companies
in China are too small creating high risk, (d) there is little export potential. Besides the
problems with access to advanced technologies in China there are also numerous
domestic barriers as well. On both the consumer and the producer side: (a) the industry is
highly fragmented, (b) product marketing capabilities are weak, (c) efficiency, coa
quality and environmental standards for boilers are outdated and enforcement at the local
level is difficult without access to advanced technologies, (d) high quality workers were
drawn from the small boiler industry to the large boiler industry, etc. (World Bank 1996)

The GEF has launched a project to increase the efficiency of small and medium coal
fired industrial boilersin China. Advanced foreign technology should be adapted to the
Chinese situation and then distributed widely. Some 20% of al boilers of this type will
be replaced in the project over the next 20 years. The method of implementation of the
project is to adapt The indirect implementation is estimated to be 50-60% of al boilers
of thistypein the sector in China (World Bank 1998).
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3.3.3.2 Renovation and modernisation

The need for large investments in the sector are acknowledged but the unclear, non-
transparent and complex investment processes slow down new investments which are
necessary for modernising and expanding the electricity demand sector in China. The
energy savings potential in Chinais high.

3.3.3.3 Power shortage

The demand for electricity in China has exceeded the supply between 1990 and 1997.
This was because the GDP growth was higher than the increase in electricity production.
About 1/3 of all industries was unable to use their full capacity due to this shortage in
electricity and many households had to cope with regular power shortages as well. One
of the causes of this power shortage was also related to inefficient energy use. On
average the Chinese industries use more energy than comparable OECD industries
(Shiwel et a. 1997). However, partly due to the economic crisis in Asia, supply has
exceeded demand in the past two years. A number of industries have been shut and the
household demand has decreased due to increasing prices of electricity. This situation is
not expected to last for along time. While electricity demand has doubled between 1986
and 1995 it is expected to triple between 1995 and 2015.

The growth of the services sector is expected to be responsible for the largest increase in
demand in the coming decade. At present more than 100 million people in the
countryside have no access to electricity and it is expected that the countryside will be
responsible for alarge part of the demand in the future. Electrification of the countryside
and electricity supply to areas with cultural minorities is already in progress. However,
the growth in economic development in the coastal and large urban regions will continue
to be much larger than in the rest of the country (Shiwei et a. 1997).

Some of the most important problems of the sector are related to the inefficient tariff
structure. As mentioned before, the tariffs of electricity produced with older production
units are kept low artificialy. Also the costs of industry are kept low artificially to keep
up the standard of living. These developments limit the possibilities of the electricity
companies to be financialy self-supporting. It also undermines the development of the
sector. Furthermore, it results in a shortage in alocation of funds at a provincia and
county level, which slows down investments in the sector. The low tariffs also fail to
stimulate users to restrict their electricity use. This leads to a paradox in which, on the
one hand, there is an inefficient supply and, on the other hand, wastage in use (Shiwei et
al. 1997).

3.3.3.4 Urban electricity use

Electricity use in urban areas in China has grown by 16.5% on average annually between
1986 and 1993 while total electricity use and urban energy use only increased by 9% and
2% annually respectively. The growth is mainly due to the increasing household incomes
leading to purchases and uses of washing machines, televisions, refrigerators, air-
conditioners and electric shower baths (86%, 79%, 58%, 5% and 18% respectively in
1993). In 1993 the per capita electricity use in households (125 kWh) was still around 30
times lower than in the US and 10 times lower than in Japan in 1986. The household
electricity use was still only 12% of the total energy use in households in 1990. The main
(76%) energy consumption was coal. In 1993 urban domestic electricity use accounted
for 57% of the total eectricity use in households while only 28% of the population was
living in urban areas. Total household electricity use accounted for 8.7% of the tota

41



glectricity use in Chinain 1993. In the US, France and Japan, household electricity use
accounted for 34.8, 30.5 and 26.5% respectively in 1986 (Falong 1995).

The fast growth of the household electricity demand has widened the demand gap
between peak and off-peak hours.

3.4 Rural issues

Rural development has been relatively more neglected than urban development. Many
counties and townships build their own production units that are small and inefficient.
Some 100 million people still do not have access to electricity.

A key problem in rural issues is that the price of electricity is higher than in urban areas
and is thus beyond the reach of most people. In the countryside electricity is more
expensive than in the urbanised areas. Many counties and townships build their own
production units, which are normally small and inefficient. Some 100 million people in
the countryside still have to do without electricity (Shiwei et al. 1997).

The potential for biomass use in €electricity production in remote areas, far from the
power grid, is high. Several projects in biomass power generation have shown notable
progress in the past decade. (Dai et al. 1998: 106). From the beginning of the 80s some
small scale generators using rice husks are used. At the moment 92 such generators with
a capacity of around 160 kW are used. A 1,500 kW rice husk generator is built in
Y ueyang, Hunan Province. However, the plant is still in the stage of research for crop
stalk-based biomass gasification generation. The high costs of the equipment prevents
large scale introduction for the moment (Dai et al. 1998: 147)

In rural areas the main issue in households is biomass use for cooking and space heating.
The old stoves had a thermal efficiency of only 8-12%. The government has
implemented a plan to replace old household stoves with new stoves with an average
thermal efficiency of 20%. By 1994 some 70% of the rural households (700 million
people) used these new stoves (Research Team of China Climate Change Country Study
1999: 241-244). New technologies for different types of biomass are under development.
China's Ministry of Agriculture (MOA) has made biomass energy exploration and
utilisation a priority.

As mentioned earlier rural development has received less attention than urban
development. Some 100 million people still do not have access to electricity. A survey of
3240 rural households in China, reveals that energy consumption per household accounts
for 700-1200 kgce, 40-60% of which is used for cooking; the rest is used for lighting,
heat and feeding. 60-90% of the energy used is from biomass and the average energy
conversion rate is in the range of 10-20 %. The average cost of commercia energy per
household was about 7-8% of the annual income.

However, government policies are now geared towards promoting eco agriculture and
the development of rural energy schemes. In 1991 a rural energy programme was
launched in rural areas in 100 counties. In 1995 fuel saving stoves, methane, solar, wind,
geothermal and small hydro were launched (Information Office of the State Council
1996: 20-21)

3.5 Future policy options

This section gives options for improving electricity policy as identified in the literature.
Options are presented for economic reform, reform in the electricity sector,
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3.5.1 Economic reform

According to Lou (1997), China should aim at completing the reform to a market
economy, creating the right institutional framework to achieve macro-economic
regulation through monetary and fiscal policies. These policies aim at stable eco-
nomic growth, balance of payments, fair competition, and distribution mechanisms
that emphasise efficiency while addressing the concerns of equity and social welfare.
He supports &) the development of anti-inflation policy followed by system-wide
transformation and structural adjustments to cope with recession; b) the devel opment
of national and integrated —as opposed to incremental- reforms; c) the introduction of
standardisation to deepen the market; d) the enhancement of decentralisation when
appropriate (thus not in fiscal afairs) and the need to develop cultural changes; and
d) the analysis of the feasibility of plans. Concerning the latter, many plans encoun-
tered problems with implementation in 1994. This was due to the fact that many
market instruments were not fully understood and vested work styles and departmen-
tal interests were difficult to change.

Such reform could spur energy conservation and no regret projects.

Experts recommend that there is need for price adjustments and full cost pricing (i.e.
products should be priced at full cost),for an environmental tax, pollution levy and
ecological destruction fees (i.e. the environmental costs should be reflected in the price),
for an opening of the coa market to allow prices to gradually reach the world market
prices, for investment management, a fund raising system, investment services,
environment funds, a pollution permit discharge trading system, deposit, insurance and
responsibility compensation, and an integrated accounting system at al government
levels (Jinnan and Xinyuan 1997: 21).

3.5.2 Reformsin the electricity sector

Shiwei et al. (1997) advise a reform of the regulatory system from the old-style
command-and-control to light-handed supervision of autonomous, commercial ori-
ented enterprises. The principles of these reforms are:
Enterprise reforms through defining property rights, separating government from en-
terprise, commercialising and corporatising of enterprises and continuing multitrack
financing policy;
Sector reforms through encouraging the “purchasing agency” model as a transition
step, promoting generators that are unaffiliated with buyers, fostering developments
of markets through “loose” and “tight” pools, assisting regional groups to be opera-
tors of the transmission grid and power tools, and encouraging educational and tech-
nical standard-setting roles for one or more industry associations;
Regulatory reforms include changes in the structure, the process and the policies of
the regulatory framework: 1) the structure though consolidating regulatory functions
that are currently dispersed, establishing multimember, national, and provincia regu-
latory commissions that are ultimately separate from other government entities, de-
lineating clearly the responsibilities of the national and provincial commissions, not
establishing regional regulatory commissions, not giving policy-making functions to
the regulatory commission, funding the commission through small levies on kWh
sales and annual licence fees; 2) the process through adopting the principle of “once’
is enough, establishing producers for procedural, substantive, and financial accoun-
tancy, pursuing transparency through public consultation clearly specified rules,
written explanation of decisions, and public annual reports, creating procedures and
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standards for appeals of regulatory decisions, requiring regulatory commissions to
make public al licenses, regulations and decisions, along with indices and summa-
ries; 3) the policies through pursuing a new-style regulation that is limited, transpar-
ent, and “alows managers to manage”, regulating price or profits is only when an
enterprise has monopoly power, setting tariff levels to enable enterprises to cover
their costs of supply (if they operate efficiently), setting tariff structures to achieve
the efficient production and use electricity, reviewing investment plans before the
fact, not requiring additional approvals of projects that are consistent with gpproved
investment plans, promoting competitive markets in generation and elsewhere if fea-
sible, requiring approvals of merges, acquisitions and other structural changes that
could affect competition, and treat state and non-state power enterprises equally;

- Lega reforms through issuing a State Council regulation that establishes national
and provincia regulatory commissions, alowing commissions to issue licenses,
regulations, and case-by-case decisions, developing model licences for network and
distribution entities, creating monitoring and sanction mechanisms for violations of
regulatory rules, giving enterprises the right to respond in writing to alleged viola-
tions, establishing clear standards for appeals of regulatory decisions, and restrict the
ability of commissions to make unilateral changes to existing licenses.

It is acknowledged that introduction of these recommendations will take time and should
be implemented in phases.

Furthermore, Shiwei et al. (1997) argue that the size and diversity of Chinaimply that no
single structural model for the sector is appropriate for al parts in the country. A
purchasing agency structure and power pools could be a useful intermediate structural
model for many parts of China. Along these lines, a single buyer or purchasing agency is
the only buyer of power from generators in a specific geographic area. The single buyer
usually owns the transmission facilities within this area and aso performs the
dispatching function, making him the only seller of power in the area to affiliated and
independent lower-level power supply (distribution) enterprises, such as county,
prefectural, and municipa power enterprises. Finaly, independent and affiliated
generators located inside or outside the geographic area compete for the right to make
power salesto the single buyer.

The advantages of such an agency could be that it could easily accommodate competitive
bidding for the purchase of power with or without joint ventures, it could encourage
more investment in transmission and distribution, it could serve as a transition to a more
fully competitive market and, steps have aready been taken to create this structure in
many parts of China. The agency could implement policy that is made by and be
accountable to the State Council. The commissions in the agency could have central and
provincial entities with allocated responsibilities. It is important that the commissions
inform and discuss with all effected parties on any proposed regulatory action.

The biggest problem with this purchasing agency and the power pool structure is that
this model should avoid both the perception and reality that the agency may unfairly and
inefficiently favour its own power generators over others. This problem could be solved
by signed contracts with all (affiliated and non-affiliated) power producers. However, the
best option, according to overseas eectricity regulators, is to ensure that there are
affiliated producers (Shiwei et al. 1997).

The same authors also suggest that the New Electric Power Law could provide a solid

foundation for the regulatory system described above. However, the law includes

sentences on the tariff system and regulatory responsibilities that could be interpreted as
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inconsistent with the proposed reforms. On the other hand, these sentences could also be
interpreted in away not directly conflicting with the proposed reforms. However, the law
may need to be amended or supplemented by additional laws in the future.

Johnson et al. (1996) state that the policy should move towards a further enterprise
reform by development of corporation autonomy and accountability, more competition,
and further price-reforms. Also environmental regulation could be an important tool for
improving energy efficiency and implementation of ‘clean’ technologies, especialy at
the local scale. They conclude that the environmental regulations should be adapted to a
more market oriented system and the enforcement must be improved.

3.5.3 Energy efficiency policy

- According to Johnson et al. (1996), the government should aim at removing the bar-
riers of ‘no-regret’ energy efficiency projects. They argue that this could be done by
a) increasing the access to information about the technical opportunities and experi-
ences as well as to foreign technologies; b) reducing both the high technical and
market risks associated with new technologies, and the transaction costs of small
transactions; c) improving credit facilities for energy conservation projects, espe-
cialy for those projects with long payback time; d) developing well-targeted conces-
sional finance for demonstration of new energy saving technologies, especially those
with high risks; €) developing energy service companies which bear the risk of in-
vestments for a share in the financial return of the enterprises; f) better disseminating
information on energy conservation investments and returns, especially to TVEs and
small enterprises; and g) providing technical assistance and technical and (financial-)
management training.

The same authors point out that a reduction of energy use could be accomplished
through industrial modernisation and restructuring (i.e. more energy efficient processes,
increase in the economies of scale, improvements in management), conventional
industrial energy conservation projects (i.e. more waste heat and steam recovery, more
co-generation, renovation of processes), improvements in the energy efficiency of new
technologies aready in use (i.e. technical and management capacity building, new coal
conversion technologies and improvements in coal quality and stability of coal mix), and
residential and commercial energy efficiency measures (improve building design,
materials, central heating, stoves and el ectric equipment).

They also argue that the implementation of new technologies islow because of the large
investments needed and the relatively slow payback time. Corporations are currently
only interested in small projects with short payback periods. The interest is also low
because of the low energy prices. Furthermore, the availability of new and especialy
foreign technologiesis low.

3.5.4 Renewable energy

In genera the barriers of implementation of non-conventional energy conversion
technologies could be overcome by international co-operation which aims at (Taylor and
Bogach 1998): offering a strong support for already existing commercially viable (niche)
markets, developing demand-based incentives, emphasising the need for development of
market infrastructure, expansion donor-support for aternative technologies, creating
awareness of the externalities of conventional electricity production and the advantages
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of non-conventional technologies, and facilitating technology transfer through
demonstration projects and joint ventures focusing on cost reduction.

According to them, this can be done by strengthening the long-term R&D and
technology transfer program for renewable energy, continuing assessment of
commercialisation priorities, developing regulatory policies regarding electricity prices,
agreements for small producers selling to the power grid, implementing and enforcing
standards, testing and certifying programmes for certain technologies, increase
awareness inside and outside the renewable energy sector, training governmental and
related staff in the field of renewable energy, strengthening institutions in the field of
renewable energy, incorporating the external environmental and social costs of energy
conversion in the cost/benefit comparisons of non-conventional versus conventional
technologies, and training energy planners, energy plant developers, and technical and
management staff in enterprises through workshops, seminars and training programmes.

3.5.5 Electricity pricing

Shiwel et al (1997) identify the following problems with the producer and consumer
prices still applied in large parts of the country:

Producer prices: The “new plant-new price” policy has led to contractual arrangements
based on “take-or-pay” provisions providing for minimum use of power plants (generally
some 5000 hours per year) charged at an energy price covering the variable and capital
costs and a reasonable profit. The same price is applied for generation above this “take-
or-pay” provision. This one part tariff structure leads to overinvestment in base
generation capacity and uneconomic dispatch because provincial power companies faced
with higher prices from new and efficient plants limit power purchases to contractual
minimum amounts and rely more on old, inefficient plants to minimise financial costs.
Thisaso leads to spilling of scarce resources.

Consumer prices. Consumers with similar consumption characteristics still can pay
different average prices because it is incorrectly assumed that they are being served by
different mixes of new and old plants. This leads to inefficiencies in competitiveness of
new industries because of high electricity prices that are above supply costs, and old,
inefficient industries to enjoy low prices below the supply costs. The last |eads to wastes
in electricity use. Furthermore, other problems are that voltage differentials remain low
and do not reflect the supply costs, the demand charges are low and, when applied, only
cover fixed costs, and the time-of-day and seasonal tariffs used in some cases do not
consider the load profiles and time patterns of marginal costs of supply. Various
surcharges unintendedly led to different problems for the power companies and lack of
use of economies of scale and did not consider problems with transmission capacity
shortages.

Shiwei et al (1997) give 14 recommendations for the acceleration of the ongoing tariff
reforms. Firgt, they argue that al tariffs should always recover the full economic costs of
supply; and should not discriminate between affiliated and non-affiliated producers.
Concerning producer tariff, they recommend a switch from a one-part to a two-part or
multi-part tariff structure for both producers and transmission, the acquisition of new
generation supplies through (international and/or local) competitive procurement
whenever possible, and focusing on prices as opposed to on operators profits. Finaly,
they argue against the establishment of uniform producer prices based on
administratively determined estimates of long-run marginal costs. In terms of bulk tariff,

46



An Asian Dilemma

their recommendations are to use two-part tariff based on long-run marginal costs and to
include generation and transmission costs in the tariff. With regards to consumer tariff,
they support ideas such as using one or multi-part tariffs based on marginal costs, clearly
separating taxes and fees from the electricity prices, unifying the prices charged to
customers with similar costs and demand characteristics, charging prices to reflect the
costs of providing service at different voltage levels, imposing capacity charge for
customers when expected benefits exceed likely metering costs, and accelerating the
movement of seasonal and time of day tariffs for larger consumers based on the
supplying system marginal costs.

3.6 Analysis: First round of institutional policy options

In this analysis first the key problems in the electricity sector in the pre-1990 period are
identified. The solutions that have been devised in the post-1990 period are then
highlighted. Then the new problems in implementing those solutions are identified.
Finally, alist of policy options is generated.

3.6.1 The Pre-1990 period
The key problems in the electricity sector in China are as follows:

3.6.1.1 Organisational

a) Gross size of the problem: The sheer size of China, the population, the diverging
social, political and management cultures, the division into provinces and county
territories, its population and its financial problems make it much more difficult to
develop a manageabl e and efficient system in China.

b) The highly centralised management system of the electricity sector led to stagnation
and bureaucratic inefficiencies, enforcement problems. There was also lack of clarity
in the division of responsibilities between centre (local governments) and state and
between different organs at both levels. For example there is an absence of a
commercial and administrative mechanism to regulate the inter-regional sharing of
power.

c) The Government had almost 100% ownership of production, transmission and
distribution; athough the organisation of the system was not well structured. For
example, there were 10,000 lega entities in the system, 80,000 independent
production companies and 1600 distribution companies. The system was so large and
complex that the government had difficulty in controlling and managing its own
assets efficiently.

d) There were more than 500 laws, regulations and administrative directives governing
the electricity sector and this implied the lack of a transparent, co-ordinated,
consistent legal and regulatory system.

€) There was a lack of a good and well-managed information and communication
system.

f) The government aimed at self-sufficiency in terms of fuel sources mostly for energy
security reasons.
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3.6.1.2 Technological

a)

b)

c)

Poor quality coal and long distance transport of coal: Of the extensive coal reserves
in China, the bulk of the coal in the south near electricity generation facilities and
industry is of poor quality. The high quality coal minesin China are in the north and
western part of the country while the main useisin large urban areas in the east and
south. This leads to large transportation distances. The coad is polluted with rocks
and is not washed before transportation leading to a low transport efficiency factor.

Low plant load factors. Most of China's electricity companies are not only
inefficient but the quality of electricity supply is also low. This is not only the case
for the old companies but also for new companies. Many of the smaller companies
are too small to be technically efficient.

Transmission and distribution losses: Transmission and distribution losses are high
because of the lack of investment.

3.6.1.3 Economic and Financial

a)

b)

There has been a complete lack of foreign investment in the pre 1990 period and
reduced domestic investments in the production, transmission and distribution sector,
in maintenance and repair activities.

There was an irrationa pricing policy, which led to energy waste, lack of efficiency
improvement investments and lack of investments in new technologies.

Severa subsidies were provided by the state to finance the electricity production and
distribution sector. There was also an irrational fee system in place, including
national, provincia and local surcharges.

3.6.1.4 Socio-economic

a)
b)

There is poor energy literacy in industry.

There is poverty among the bulk of the consumers, making both the production and
the use of commercial electricity more unpopular.

3.6.2 Transition solutions

The government has been in the process of devising the following solutions.

3.6.2.1 Organisational

a) The government adopted policies to stimulate the decentraisation of state
enterprises.

b) Policies were introduced to rationalise the sector and to incrementally commercialise
it and the introduction of competition.

c) A national Electric Power Law was adopted to consolidate the provisions in the 500
different regulations and administrative provision.

d) There was a hesitant approach to import some fuels from other countries.

€) Government participation in organisation of conferences and workshops.
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3.6.2.2 Technological

a) The option of using high quality coal and coal washing are options for reducing the
trangport related emissions, athough the use has been limited thus far. New
production facilities may also be planned near the mines.

b) The government has planned the retrofitting of existing production facilities.

¢) There are plansto modernise electricity transmission and distribution sectors.

d) There were also plans to encourage demand side management, technology upgrading
and end-use energy efficiency improvements, such as the Green Lights Programme.

3.6.2.3 Economic/Financial

a) The government developed a programme encouraging privatisation of the sector, the
corporatisation and commerciaisation of power enterprises, and inviting foreign
companies to participate in such ventures.

b) The government adopted a price rationalisation programme.

¢) The government decided to gradually gradual phase-out subsidies and rationalise the
fee and surcharge system.

3.6.3 New problems

3.6.3.1 Organisational

a) The decentralisation processis partialy undertaken not only because of the size of the
venture but also because of the complications in the process.

b) The transition process is affected by lack of information on market instruments and
bureaucratic inertia; Command and control instruments continue to be used although
the enforcement and monitoring of such measures is limited. Many enterprises are
still controlled by the government and property rights are still not defined. The
government regulatory system for the sector and the power enterprises is still not
reformed.

c) Parts of the eectric law on the tariff system and the regulatory responsibilities are
inconsistent with its overall reform goals and there still remain issues that need to be
clarified.

d) There continuesto be alack of information and communication within the system.

3.6.3.2 Technological

a) The decision to select and demand the right technologies is hampered by the lack of
knowledge of appropriate technology choice, management and operation, the lack of
communication within the sector. On the supply side, foreign investors were not
forthcoming with the modern technol ogies.

b) There remained major problems in the connection between the local and regional grid
system and that many of the grids have not been maintained and upgraded. This has
lead to low supply security during peak hours.
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c) There were difficulties in encouraging the large companies to adopt technologies,
although the small-scale companies and the individual consumers were more
amenable to such policies.

3.6.3.3 Economic/Financial

a) The foreign private sector was not as forthcoming as initialy expected due to
bureaucratic red tape, the lack of guarantees, the non-existence of properly
functioning market system, long pay back times, etc..

b) Gradual phase-out of subsidies and price rationalisation is not politically easy since
the pricing system in each production system was different and different categories of
consumers paid different amounts.

c) Therewas alack of incentives to encourage the various social actors to take action in
thisfield.

3.6.3.4 Socio-economic

a) Therisk and fear of increasing the rate of unemployment and, hence, instability, was
a key challenge in implementing the reform of the electricity production and
consumption sector.

b) Around 100 million people still do not have access to electricity and the relatively
high price of eectricity in rural areas implies that many potential consumers were
unable to afford the available electricity.

3.6.4 Policy Options

The following section identifies a key set of policy options that may be relevant for
discussion with stakeholders.

3.6.4.1 Organisational

a) Further decentralisation of management and further commercialisation of enterprises
through the identification of appropriate incentives and through policies to re-educate
personnel so that they can apply for employment in the new private sector.

b) Personnel that have been working with an ideological orientation for several decades
cannot change their work styles and patterns over night. This calls for intensive
training programmes and workshops to help the personnel feel comfortable with the
new rules of the game. There is need for technical and managerial capacity to plan,
and increase operational and energy efficiency in the sector.

c) Policies need to be developed to encourage educational and technical standard setting
roles for one or more industry associations.

d) There is need to create ‘purchasing agency’ model and foster developments through
pools: The agency should treat affiliated and unaffiliated enterprises equally.

€) The legal regulations and policies need to be discussed with stakeholders in order to

gradually increase the compliance pull of such decisions and to create the framework

in which rule-based compliance is the rule, not the exception. On the basis of such

discussions, there may be need for further reform of legal and regulatory systems and

adapt regulations to a market oriented system. Create national and provincia

regulatory commissions without policy making functions but with implementation
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(delegated power to issue licenses but not to make unilateral changes to existing
licenses) and enforcement functions (including powers for sanctioning). Create
possibilities for appeals to decisions made by the commissions.

3.6.4.2 Technological

a) There is need to develop a modus operandi to encourage information sharing and
communication within the sector, to enhance the capacity of employees to identify,
choose, adapt, improve and utilise technologies.

b) There is need for additiona policies and incentives to encourage the
commercialisation and modernisation of transmission and distribution and
development of a nationally coherent network

c) Interviewees also point out that as long as there is surplus supply, the government
should try and make use of the opportunity to retrofit the production sector to the
extent possible.

3.6.4.3 Economic/Financial

a) There is need for an ingtitutional framework for macro economic regulation system
and the further development of market instruments. Levy systems have proven to be

appropriate.

b) There is need for simplification of bureaucratic procedures, single windows for
licenses, to encourage foreign investors participate in the market.

c) Electricity pricing should be harmonised nationally in order to deal with the problem
of the inconsistent pricing system.

d) There is need to create an incentive system for energy efficiency and implementation
of new, (energy saving and less environmental polluting, technologies (including
renewabl es)

3.6.4.4 Socio-economic

a) There needs to be large-scale nation wide energy and environment literacy
programmes to help consumers make informed choices and to make them familiar
with the operation of a market system.

b) The use of progressive tariff may alow the low-income groups to have access to
minimum electricity supply, and higher use of electricity is charged at proportionately
higher rates.

c) Thereisaso need to increase the scope and reach of the transmission lines in order to
ensure that people in remote areas also have access to electricity or that local (non —
grid connected) electricity supply is set up.

The policy options for the next twenty years would do well to identify and build on
success stories in the electricity sector (and other sectors to the extent that they may be
relevant). The above information has been summed up in the penultimate Table.
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Table 3.3 First round of analysis of institutional policy options for China.

Pre-1990 problems Policies adopted ‘New’ problems 1999 Policy options

Organisational . Size of the country and regiona | - Decentralisation of state | - only partial decentralisation : further decentralisation of management, regulation
differences enterprises bureaucratic inertia; command and and policy implementation and tough enforcement
Centralised management system Commercialisation and control  still  dominant; enforcement centralisation of policy formulation and fisca
State owner ship of 10,000 legal rationalisation  of  legal problems because of new patterns of system
production, transmission and entities;  introduction  of vested interests; bureaucratic  unfreezing/institutional  unlearning;
distribution entities; competition in sector parts of the law are not entirely clear capacity building within government and industries
combination of administrative Adoption of electric power and in conflict with reform goals; create ‘purchasing agency’ and stimulate ‘pools’;
and business functions; law reforms are short term  though already being experimented with
Confusing and contradictory Occasional import of fuels structural further ~ commercialisation of enterprises,
legislation Government participation in lack of information and communication transmission and distribution
Lack of information and workshops and seminars Involve stakeholders incrementally and increase
communication Closure of small plants legitimacy of policies
Self-sufficiency goals on fuels learn from success stories

Technological poor quality of coa and long coal washing, and locating imported technologies not always capacity building within government and industries,
transport distances for coal new production at mines cheaper or more appropriate than encourage communication in the sector
low plant load factors (old and retrofit  existing  plants comparable domestic technol ogies; stimulate the development of a national, regional
new plants) technology imports poor local and regional grid connection and local coherent transmission and distribution

modernise trans- lack of information network

poor supply security and high mission/distribution problems with implementation since retrofit existing plants/increase efficiency;
transmission losses increase  production and end-use efficiency was mostly on small learn from success stories
power shortage end-use efficiency consumers and indusry

Economic/ lack of foreign and domestic encourage foreign investors, few  foreign  parties,  nationa create right institutional framework for macro-

Financia investment privatisation investment slowed down, economic regulation system further develop
irrational  pricing policy in price rationalisation price rationalisation only partly market instruments (levy systems)

electricity and goods and services;
bankrupt production entities

state provision of subsidies and
inconsistent fee system

gradual phase-out of
subsidies and fees

implemented, price elasticity low
the number of fees
subsidy phase-out
rationalisation difficult
Lack of incentives to facilitate the
process.

and fee

encourage foreign investors (develop less
bureaucratic and smplified investment procedures)
making pricing a central government issue

create incentives for increasing energy efficiency
and implementation of new (less environmental
polluting) technologies

rationalisation of prices

Socio-economic

poor energy literacy in industry
poverty of consumers

demand management inadequate

price puts electricity out of villagers'
reach

risk of unemployment

energy literacy programmes

focused demand management options

progressive tariffs? Efficient energy use incentives
further rationalisation of prices
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3.7 Conclusions
The key conclusions that emerge from this chapter are:

First, the organisational and institutional frameworks relevant for the electricity sector
are in a state of reform. The reforms are structural though based on short-term
perspectives. The organisations are till only partly decentralised and there is strong
bureaucratic inertia, large vested interests and a lack of information and communication.

Second, alarge number of policies have been developed to make the supply and demand
sectors more efficient. However, athough many policies have been developed the
administrative rules, the financial climate and the lack of financial resources stand in the
way of large investments.

Third, reforms towards a market economy and local air pollution problems and are a
driving force for energy efficiency improvements.

Fourth, the current oversupply in many of the sectors and the non-rational electricity
prices prohibits large private investments in energy efficiency improvements.

Fifth, large technological changes depend heavily on foreign investments. However,
there are only a few foreign investors that want to invest in China under the current
Setting.

Sixth, local governments do not always support the national government policy and
enforcement is lacking. Both fear for sociad unrest as a result of closure of small,
inefficient plants.
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4. India: The Institutional and Organisational Context

Author: Joyeeta Gupta'®

4.1 Geo-palitical background and relation to greenhouse gas emissions

This chapter introduces the issues relating to el ectricity supply and use in India based on a
literature survey and ingtitutional analysis. Chapters 5, 6, and 7 examine business-as-usual
scenarios for the Indian electricity sector and technical options for reducing emissions.
Chapter 8 looks at the feasibility of these options while Chapter 9 analyses the feasibility
of other low emission scenarios. In Chapter 10, we examine the perceptions and policies
of India on the global problem of climate change and the willingness to link electricity
policy to climate change policy. It first presents a brief geo-political account of the
country, and introduces the issue of greenhouse gas emissions in India. It then presents
the institutional framework for analysis of the supply side issues. This is followed by a
presentation of the institutional framework for anaysis of the demand side issues. Then
there is an analysis of the potential for cogeneration followed by an analysis of the
transmission and distribution sector. Some rura issues are also highlighted. The
institutional framework will highlight the key actors involved, the organisational
structure, the policy and legal issues.

India has aland area of 3.287 million square kilometres (seventh largest in the world) and
a population of over a hillion people (second largest in the world) growing at 1.9% per
year. Industrial growth exceeds 9% annually. Politically, India has a sociaist, democratic,
secular system and a parliamentary form of government. Although relatively stable, the
last decade has witnessed a number of elections. A number of political parties exist in
India and the Congress Party, which used to win the elections, has recently given way to a
range of other parties. The current government is a Bharatiya Janata Party (Hindu
Nationalist) led government but is an uneasy codlition. Traditionally, India had a mixed
economy with public sector involvement in most large-scale operations. Since 1991, the
economy has been liberalising and all the parties that have been in power since then have
implemented this policy.

India has a federal political structure with 29 states'® and union territories?. The states in
India differ not only in terms of language and culture but also in terms of size, income,
population, and literacy levels. The states with the largest income are Maharashtra, Uttar
Pradesh and West Bengal, while on a per capita basis, the states that have the highest
income are Punjab, Maharashtra and Goa. The population density is highest in West
Bengal, Kerala, Bihar, Uttar Pradesh and Tamil Nadu. Fertility rates are lowest in Keraa
and medium in West Bengal, while high in Bihar and Uttar Pradesh. Infant mortality is
the highest in Orissa, Uttar Pradesh and Madhya Pradesh (India Handbook 1997).

Agriculture employs 67% of the labour force and provides 25% of the GDP, industry 15%
of the labour force and provide 30% of the GDP and service employs 15% of the labour
and provides 35% of the GDP. Energy (including electricity) is a key input for al these

18 With comments from Christiaan Boudri, Kees Dorland, Carolien Kroeze, and Jaklien Vlasblom.

1 Andhra Pradesh, Arunachal Pradesh, Assam, Bihar, Chhatisgarh (out of Madhya Pradesh), Goa, Gujarat, Hary-
ana, Himachal Pradesh, Jammu and Kashmir, Jharkhand (out of Bihar), Karnataka, Kerala, Madhya Pradesh,
Maharashtra, Manipur, Meghalaya, Mizoram, Nagaland, Orissa, Punjab, Rajasthan, Sikkim, Tamil Nadu, Tri-
pura, Uttar Pradesh, Uttarancha (from UP), West Bengal.

2 Andaman and Nicobar islands, Chandigarh, Dadar and Nagar Haveli, Daman and Diu, Delhi, Lakshadweep,
Pondicherry.
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sectors. The total primary energy input in Indiain 1990 was 15.6 EJ, of which 23% was
used for electricity generation. The total energy-related emissions of CO,, CH4 and N,O
in Indiain 1990 amounted to about 693 Tg CO,-equivalents, of which 40% were from the
power sector.

There are as yet no officia figures about Indian’s greenhouse gas emissions. In our
estimates (see Chapter 5) India’s total emissions of CO, emissions in 1990 was 164 MtC
and this is projected to rise to 663 in 2020 (see Chapter 5 for details). India with 16
percent of the globa population emits 2.3 percent of global GHG-emissions which
amounts to negligible emissions at a per capita level (0.2 tClyear in 1990, 0.5tC in 2020;
see Chapter 5 and Mitra 1992b: 204) and per capita consumption of electricity continues to
be extremely low, only 250 in 1990 and 330 kWh per annum in 1995. While the per capita
income has increased by 1.6% since 1950 to 1990, the per capita carbon emissions have
increased by 3.6% annually to 0.22 tC (Srivastava 1997: 942). Indian emissions are set to
grow as the economy grows not only to meet the existing demand-supply gap in the
electricity sector, but also to meet the growing needs of the economy.

India’s emissions are mostly from energy production and use, the agricultural sector, and
waste management. India’s CO, emissions are mostly from the energy production sector,
which consists of non-commercial biomass (which is seen as CO, neutral because of the
short Carbon cycle); and commercia energy (including electricity). India's methane
emissions from the sector electricity were 3,867 MT in 1990 and are expected to rise to
8,259 in 2020. Indias N,O emissions from the electricity sector are 39 kt and are
expected to grow to 60 kt in 2020. Indian electricity is, as far as it is produced for the
grid, generated mostly from coal-fired plants. A small percentage comes from large
hydro, renewable energy and gas-fired plants (see 4.2). Besides that, industry generates
electricity in captive power plants. Indian electricity is mostly used in the industrid,
agricultural and household sectors (see 4.3). Cogeneration dso offers some potential for
development. Rural India which mostly uses non-commercial energy is likely to use
commercia energy in the future. The options for rural India are discussed in 4.4. The
following sections present an analysis and conclusions.

4.2 Electricity supply

4.2.1 Resources

Indiaisrich in coal, thorium, hydro and solar resources, but poor in oil and gas reserves.
With 1-3% of proven coa reserves in the world, the largest coal deposits and mines,
mostly under state control, are in Bihar, Orissa, Madhya Pradesh, West Bengal, Andhra
Pradesh and Maharashtra. Indian coal is generally of poor quality, with low calorific
value, a high ash and low sulphur content. Using coal in the power sector leads to high
CO, emissions, high ash and, in total terms high SO, emissions. India has enough coal
deposits to meet its electricity needs for a century. India has a hydro potential of 84,000
MW of large hydro capacity and 10 000 MW of small hydro capacity in 2020. Only 24%
of the total potential up to 2020 has been used (and about 15% of the maximum potential
for India). Wind power is estimated to have a potential of 20,000 MW or higher (TERI et
al. 1999). It has, however, only 1% of the worlds oil production and 0.6% of the proven
reserves, very little gas.

Non-commercial biomass meets 1/3 of the total energy needs in India (Haider 1998,
(TERI et a. 1999). People using non-commercial biomass will probably be connected to
the national, regiona or local grid some day; this thus gives an indication of the amount
of growth expected in this sector. At present thermal plants provide 69% of the total
commercia power generation, hydro provides 11.5% and nuclear power provides 1.3%
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(RAINS-Asia data underlying TERI 1999, on the basis of primary energy equivalents).
Out of a total thermal capacity of 62,439 MW, about 6,500 MW is based on oil, diesel
and gas (Dua 1997).

4.2.2 Institutions

4.2.2.1 Existing laws and policies

India has just completed 100 years of power generation with the first power plant being a
small hydroelectric plant near Darjeeling in 1897 (Abraham 1998). When India became
independent in 1947, electricity production was scattered in isolated facilities generally
run by the provincial governments. When industries were established they were usualy
established along with their own generating facilities, referred to as captive power plants.
These facilities were regulated by the Indian Electricity Act of 1910. After Independence,
the power sector was centralised through the Electricity (Supply) Act. The Constitution of
India put electricity on the concurrent list, i.e. electricity came under the State and the
Central government authority.” The 1991 Amendment to the Constitution enables
devolution of authority on electricity even to the panchayats (local government).

Prior to 1990, the generation and supply of eectricity was mostly a public sector activity
in the hands of the central government or in the hands of the state government. At the
time, the sector was facing the challenges of electricity shortage, energy inefficiencies, a
complicated pricing policy based on a system of cross-subsidies and was subject to
populist policies. As a result of the unreliable service, large industries often coped by
developing captive power plants,? and small industries, middle class consumers and
farmers by investing in a number of substitute appliances such as diesel generators,
inverters, voltage stabilisers, etc.

Since 1990 the entire sector has been undergoing a process of structural change as a result
of policy. In 1991, a process of liberdisaion was launched.
(http://www.winrock.org/REEP/Publications/ india/INDIARPt.html). First, there has been
a decision to privatise generation and following that transmission and distribution.?® In
1991, there was a decision to liberalise the power sector. The Electricity Act was
amended to enable private generating companies who could either provide e ectricity to

2 The Constitution of India allocates authority on various subjects to the federal and/or state governments. Elec-

tricity is in the concurrent list (entry 38 in list Il of the seventh schedule) and hence the responsibility be-
tween centre and state is thus shared. The centre is responsible for atomic energy, mineral extraction, regula-
tion of oil fields and mineral oil, of petroleum and petroleum products, mines and mineral deposits, labour and
safety in mines and inter-state rivers. Both centre and state can regulate electricity.

Captive power generation is not in general encouraged by the government. It has been the result of regular
power shortages. Captive generation is estimated at 11,161 MW in Industry and Railways (http:/
www.nic.in/indmin/power.htm). This can range from stand by captive generator facilities such as diesel gen-
erators to cogeneration. While the former can lead to substantial pollution, the latter is desirable since it in-
creases the energy efficiency of a plant. Under the Electricity Supply Act, permission has to be sought prior to
the setting up of a captive power generation unit. Although this is the case, the records of such generation are
in general not kept except in relation to captive capacities of over 100kW. Such captive electricity is about 10-
12% of national production, although the rate of capacity increase has gone down. A field survey by TERI
shows that establishments with the lowest captive capacity had one diesel generator. These account for about
32% total captive capacity in Haryanain 1985 to 40% in Rajasthan; contributing at least 13.7% of total gen-
eration in Haryana (Ramesh et a 1990).

Not only generation and distribution, but the coal sector wasin government hands as well (Haider 1998). Only
gas and oil was in the hands of the Oil and Natural Gas Corporation (ONGC). Private sector and foreign mul-
tinationals are allowed to form joint ventures with the public Qil and Gas sector in Indiato build, own and op-
erate terminals, depots and other such infrastructure. The private sector is also alowed to import and market
LPG, kerosene and low sulphur heavy stock. Furthermore, they are alowed to own refineries and it is ex-
pected that they will be total deregulated by 2001-2002 (Barwe 1998). In the coal sector, private sector wash-
eries are facilitated (Haider 1998).
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the grid or to consumers. In 1991, the Investment Promotion Cell (IPC) was set up to
provide information and assistance to the private sector and to encourage them to help in
the privatisation process. The new policy enables 100% foreign owned companies on any
type of fuel, renovation and modernisation of any existing plant that provides to more
than one state, co-generation and repatriation of profits (RBI 1991-92/266). The policy
enables producers to recover full fixed charges and a 16% return on the investment at
specific (68.5%) plant load/availability factors. The policy established a High Powered
Board to monitor and promote faster clearances of such projects. The board consists of
the cabinet secretary, the secretary of the Ministry of Power, secretary finance, additional
secretary banking, secretary planning commission, secretary environment, secretary
industrial development, secretary technical development, the chairman of the Central
Electricity Authority (CEA), and other officials from the state government. The Joint
Secretary of the IPC provides secretarial assistance to the Board (Gazette of India 1991,
22 October). Electricity generation projects that are below a certain budget (Rs. 10
billion) do not need to be approved by the CEA. No less than 60% of the funding should
come from Indian Public Financia Institutions (IPFI). The incentives include a five year
tax holiday, a tax on only 70% of the net income for the next five years, reduced import
tariffs for related equipment and counter guarantees from the centre only for the first few
projects.?*There is a requirement of competitive bidding. By 1997, the policy had led to
more than 200 proposals being received of which 50 are from foreign companies at a
value of US$ 39 hillion for an additional capacity of 31.0 GW (Handbook 1997: 14).

Second, there has been a decision to ensure independence of the pricing authorities from
the political authorities by the creation of the Central Electricity Regulatory Commission
(CERC), and by stripping the CEA of some of its responsibilities (see 4.2.2.2). The goal
isto ensure rationality in tariff structure. In late 1997 price reforms were undertaken and a
phased dismantling of prices has been initiated leading to a full liberalisation of prices by
2002 (Haider 1998). Third, there has been a power sector reform bill which calls on all
states to reform their power sectors. This is a decision to unbundle the SEBs into three
different entities (see 4.2.2.3). At this moment severa of the electricity boards are being
restructured. Orissa was the first chosen since the agricultural sector is quite small (8.7%)
and this sector may not be able to object and because the people are mild in nature
(Ranganathan 1996: 823; Haider 1998). This has been followed by restructuring of other
state boards such as Haryana and Andhra Pradesh. Fourth, there is a decision to
encourage corporatisation of generation, transmission and distribution units. Fifth, thereis
adecision to focus on distribution issues. Sixth, there has been a decision taken that each
state needs to facilitate the adoption of mega projects in line with central government
guidelines.”® Seventh, each state will have to open lines of credit to ensure the prompt
settlement of dues. Eighth, the debts of public sector undertakings will be scrutinised.
Ninth, all half-completed hydel projects are to be completed and inter-state disputes are to
be resolved. Tenth, a National Power Grid is to be established. Eleventh, each state is to
promulgate energy conservation measures. Twelfth, each state is to increase the
generation of power. Thirteenth, the railway tariffs will be rationalised as soon as possible
(Ministry of Power 2000: 10).

% However, since this means that market debt is converted into sovereign debt, the country’s credit rating may

suffer in the long term. Further, this amounts to “encouraging fiscal indiscipline of the states” (Ranganathan,
1996: 821).

In 1995, guidelines for mega projects were adopted. A project of 2000MW or more supplying to more than
one state was defined as a mega project. Such projects would be on the basis of competitive bidding. A Power
Trading Corporation would be established to it would have security in terms of a letter of credit and could if
necessary have recourse to central plan allocations for the state. Of course this is only possible if the states
have aready established the SERCs. The import of capital equipment would be free of customs duty for these
projects (Ministry of Power 2000: 31).
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A National Power Plan has been prepared in 1996-97 covering the period till 2011-12, by
the Central Electricity Authority. This plan envisages an increase of 8413 MW capacity in
hydro plants, 43528 MW in thermal plants and 88 MW in nuclear plants, over the 9th,
10th and 11" five-year plans. This will require an estimated funding of 6,000,000 million
rupees (http:// www.nic.in/indmin/power.htm). The government also has an active rural
electrification policy (see 4.4).

In addition to al these specific policies, the Government of India makes five year plans
for the country as a whole. The Eighth Five-Y ear Plan period has been completed and the
Ninth Five-Year Plan is currently being implemented. The Eight Five Year Plan
succeeded to add barely 16,500 MW of the planned 30,538 MW of new capacity by
March 1997. The failure was partly because of inadequate planning in relation to fuel
sources, revenues and finances, reliance on para-statal agencies and “accentuating the
tendency to ask the public sector managers who are to do this work to be accountable and
guestion even on minute day-to-day decision making by the police and Parliament,
besides a host of Government auditors and Ministries’ (Dua 1997). Appropriate pricing is
necessary.

The Ninth Five Year Plan (1997-2002) aims, inter alia, at “ensuring environmental
stability of the development process through social mobilisation and participation of
people at all levels,” It aims at a total capacity addition of 40245.2MW comprising
9819.7MW of hydro, 29545.5 MW thermal, and 880 MW of nuclear.

Although there are many changes in the organisational structure of the electricity sector,
some policies have remained relatively constant. Thus, for example, the government
policy on fuels focuses on self-reliance and on trying to use the foreign exchange reserves
with care, i.e. this implies using domestic coal. Nevertheless, coa imports have been
encouraged by some state governments and there is some change in this field (see 8.2.2).
While coal is seen as the dominant fuel, electricity from renewable sources is also seen as
very critical for India. Since India has large hydro resources, hydro power is also
encouraged, although in recent years the socia effects have caused tremendous social
resistance to such power. Indiais the only country in the world with a ministry devoted to
non-conventional energy (excluding large hydro), which evolved from department status
in 1982 to aministry in 1992. The growth in this sector has been very high and since the
8™ plan alowed for renewables to feed into the grid, there has been over-achievement in
this sector. India is among the world leaders in wind based electricity and most turbines
have been installed in Tamil Nadu, Gujarat and Andhra Pradesh. A huge wind resource
assessment programme has been established and a centre for Wind Energy Technology is
planned to undertake research, technology development, standardisation of equipment,
and certification. There is considerably small hydro potential in India especidly in the
hilly regions of North and North Eastern India, in Andhra Pradesh, Tammil Nadu and
Karnataka, but not much has been exploited thus far. The policy aims to promote such
projects and a UNDP/GEF hilly hydro project is providing an impetus. There is aso
considerable potentia for biomass based combustion, gasification and cogeneration (see
4.3.4). A huge integrated solar combined cycle power project of 140 MW is being
developed in Rajasthan of which the solar component is 35-40 MW. Grid connected solar
voltaic projects are also being commissioned especially in rural areas (see 4.4).

Renewable energy (including electricity) is promoted in India through a 100% accelerated
depreciation, tax holidays for power generation projects, soft loans, customs and excise
duty relief, liberalised foreign investment procedures, etc. Guidelines were sent to al the
States on genera policies and facilities for wheeling, banking, third party sale, purchase of
power at a minimum price of Rs. 2.25 (about US 6.5 cents) per kWh by SEBs, with an
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annual escalation.?® Finance is available from the dedicated Indian Renewable Energy
Development Agency Ltd. (IREDA), which aso has resources from the World Bank and
the Asian Development Bank, USAID and the GEF to promote a range of renewable energy
projects. The 9" five year plan aimed to increase the generation by 3000 MW including
wind power - 2000 MW, biomass power - 450 MW, small hydro - 350 MW, solar - 150
MW, energy recovery from wastes - 90 MW. It is expected that renewables will increase
to 20,000 MW by 2012 (Gupta, A. 1997 OR 1987). In 2000, the Renewable Energy Bill
was introduced in Parliament.

Table 3.4.1. Electricity and related laws in India.

Year Law Provisions

1910 Adoption of the Indian Electricity Act Licensed generation; administration by prov-
inces

1948 Adoption of the Electricity (Supply) Act Centralised planning; managed by provinces

1950  Adoption of the Constitution of India Electricity in the concurrent list.

1956 The Companies Act 1956 All generating companies must be registered

under the Companies Act.

1991 The Electricity Laws (Amendment) Act Enables privatisation

1991  73/74th amendment to the Congtitution Enables devolution of power to Panchayats on
energy

1992 Ministry of Power started functioning in-

dependently
1992  Environmental audits mandatory
1998 The Electricity Regulatory Commissions Establishesthe CERC and the SERC

Ordinance
2000 Electricity 2000 Bill/ Act Unbundling of SEBs and benchmarking of sec-
tors
2000 Energy Conservation Bill Promotes a 1% conservation in 2012 in relation
to 2000
2000 Renewable Energy Bill Establishes quantitative targets for renewable

energy development

The electricity supply sector is also subject to environmental legisiation.?” This has led,
on the one hand, to an excess of paper work and several permits are required before
projects may be initiated, while on the other hand, there are limited resources to actually
monitor the environment and to catch the offenders.

In genera, the energy ministry has more negotiating power than the environment
ministry, and when there is a conflict between the two ministries, the government
attempts to solve the problem through prioritising the concerns of the energy ministry.
However, the recently enacted National Environment Tribunal Act of 1995 establishes a
tribunal to award compensation to people negatively affected by the environmental
impacts from any activity. It is aso important in this context to note the increasingly
activist role of the judiciary. 1500 industrial units have been closed down in Delhi or
asked to move out of the city as a result of judicia decisions in favour of the
environment. Many units have been closed down in Tamil Nadu, Andhra Pradesh,
Gujarat, West Bengal, Uttar Pradesh, Maharashtra. An integrated steel plant has been

% About half the States have announced their policy for priority purchase of power from renewables. A few

States have also announced an annual escalation of 5%. These policies aim at providing remunerative and as-
sured returns, and to motivate investments by private devel opers and investors (Gupta, A. 1997).

These laws regulate water (1974, 76), air pollution (1981), environmental protection (1986), hazardous wastes
(1989), environmental standards, statements and clearance (1993, 1994), coa beneficiation (1996), a Nationa
Environmental Tribunal Act in 1995, a National Environmental Apellate Authority in 1997 and an Energy
Conservation Act in 2000.
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abandoned in Mangalore. These could be indications that environmental issues will
gradually become more and more important in the future.

4.2.2.2 Distribution of responsibility regarding power

Electricity generation is shared between the centre and state and there is potential for
devolution of power to the village panchayats in relation to energy, while power supply is
the responsibility of the state. At the central government level, the ministries of coal, non-
conventional energy sources, petroleum and natural gas and the ministry of power are
connected with energy generation and related policy. In addition, there is the Department
of Atomic Energy and the Planning Commission with authority over energy and electric-
ity policy.

The power ministry is the key body in the field. Under it, fall the Central Electricity Au-
thority, the National Thermal Power Corporation, the National Hydro Power Corporation,
the Power Grid Corporation, the Power Finance Corporation, The Rural Electricity Cor-
poration, and the Energy Management Centre. Under the ministry of non-conventional
energy sources falls the IREDA and state level departments and they have authority over
mini, microhydel, and wind energy projects, and projects that are below 3MW capacity
and the geo-thermal energy and transmission system network. The Planning Commission
has a special Energy Policy Unit. The Bhabha Atomic Energy centre, the Centre at Ta-
rapur and in Kalpakkam fall under the Department of Atomic Energy.

Since the states did not have the resources to meet their own electricity demand, the Na-
tional Thermal Power Corporati