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1. INTRODUCTION.  

 

Scope of the paper 

1. This paper has been prepared in accordance with the terms of reference for a study on 

Power System Planning in India: Incorporating Externality Costs and Benefits (see Annex I 

for details).  It reviews estimates of the external costs of power in international studies as 

well as in India and compares the figures available.  It also comments on the validity of the 

external cost estimates available and the use made of them in power system planning and 

regulation both outside and inside India.  Although the focus is mainly on the negative 

environmental costs of power generation, the paper also looks at some of the positive 

externalities associated with some forms of power generation. 

2. Given the heightened controversy about how the external costs of hydropower as well as 

the resettlement and rehabilitation (RR) costs should be addressed in India, the paper looks 

in detail at how these costs are estimated in other countries and makes an evaluation of the 

current Indian regulations related to the treatment of environmental and RR costs in hydro 

projects. 

3. The paper does not cover renewable energy sources other than hydro and does not 

discuss the costs of nuclear power. 

4. The structure is as follows. Section 2 reviews the external cost estimates of electricity 

generation in the EU, and other countries.  It also reports some recent work on the external 

costs associated with transmission.  Some comments for the range of estimates are offered.  

Section 3 reviews a few studies on external costs for India and compares those with the 

international estimates.   Section 4 discusses the use made of external cost data in power 

system planning and regulation both internationally and in India and makes some 

recommendations for possible reforms in the Indian case. Section 5 reviews the Indian and 

international estimates of external costs of hydro and section 6 does the same for RR costs. 

Section 7 offers some conclusions.  

 

2. EXTERNAL COST ESTIMATES OF POWER SYSTEMS IN THE EU, US AND OTHER COUNTRIES.  

Life Cycle External Costs of Generation 

5. The methodology used estimating external costs in most industrialized countries, and 

several developing ones, is exemplified by the ExternE methodology, which is the result of 

over 15 years of research supported by the EU and, to a lesser extent, the US
2
.  ExternE is a 

“bottom up” approach, in which each energy source is taken and its ‘ecological and social 

footprint’ analyzed.  The approach is also characterized using the ‘impact pathway’, in 

which emissions from a source are traced through as they disperse in the environment, 

following which the impacts of the dispersed pollutants is estimated.  Finally these impacts 

are valued in monetary terms where possible.  Figure 1 shows the impact pathway and Table 

1 provides a description of the main effects estimated.  A number of points should be noted 

about the impacts assessed: 

                                                 
2
 External costs arise when the actions of one party have impacts on another and these impacts are not accounted for by 

the first party.  These are normally considered to include the direct and indirect effects of air and water pollution as well 

as some consequences of waste disposal, land degradation, forest loss, loss of biodiversity etc.  



3 of 38 

 

 

(i) The dispersion modeling takes account not only of the local effects from the source but 

also the long distance dispersion of the pollutants, through the formation of particles as 

they are transformed into sulfates and nitrates.  It turns out that the long distance 

impacts are a significant proportion of total impacts for air pollutants, with the 

consequence that plants located quite far from centers of population can have a 

noticeable health effect on people living quite far away. 

(ii) The impacts are assessed not just for generation stage but for the full life cycle of the 

process, including the extraction of the fuel, its transportation, transformation into 

electric energy, disposal of the waste, and the transport of the electricity. Hence, for 

example, accidents in transportation are included. 

(iii) Not all the impacts can be valued in money terms, although the most important ones 

(i.e. the health ones) have been. Monetary valuation has not generally been possible 

for ecosystems, including forest damages. The latter can be critical in excluding 

certain sites of natural importance from development.  Furthermore some impacts have 

not been valued in physical terms either. Those that are on the list to be investigated 

include: neonatal mortality, non-bronchitis chronic respiratory disease, behavioral 

effects (e.g. learning disabilities), neurological disorders and allergies. 

(iv) The scientific data on which the impacts stage is based are of course, not certain.  Nor 

are the methods used to elicit the monetary values.  Hence there is a great deal of 

uncertainty in the estimates, which is reflected in the ranges of external costs that are 

given.  As new information becomes available the values will also change and indeed 

we note a small reduction in the estimates of unit external costs over the last 15 years. 

(v) The method of valuation used is based on individual preferences, i.e. what individuals 

are willing to pay (WTP) to avoid the negative external effects.  Only where this is not 

possible has the valuation been based on ‘avoidance costs’ – i.e. what it would cost to 

avoid or mitigate external effect.  The reason for choosing the WTP approach is that it 

gives central place to the values of the persons affected and does not take the values of 

some expert or government official as the ones on which to base policy.  The argument 

against the WTP approach is that it reflects inequality in society and poor people have 

a lower WTP than rich people.  The counter argument to that is that the effect can be 

corrected for at the policy level, and it is better to give the policy makers the raw 

information on WTP and let them decide.  If one uses the avoidance costs as a measure 

one cannot answer the question of whether the avoidance action is justified
3
. 

6. The resulting external costs are summarized in Table 2, converted into US¢/kWh in 

2005 prices.  Estimates are mainly based on studies for EU member states but the same 

methodology has also been applied to China and the China estimates are also included 

where available.   

7. The first and most obvious point to note in Table 2 is the wide range observed.  This is a 

consequence of (a) uncertainty in the estimates themselves, (b) the choice of technology and 

(c) the location of the plant.  This range reflects uncertainties at each stage of the fuel cycle, 

which compound to give an overall uncertainty range
4
.   The technology is clearly important 

as technologies differ in the emissions generated per kWh produced and finally the location 

                                                 
3
 One issue that has arisen is the valuation of the impacts of electricity generation on workers in the plant or in related 

activities (e.g. mines).  According to economic theory such impacts are considered internal and not external to the 

activity, as the worker is paid, and the rate of pay should reflect such risks.  ExternE took the view that such 

internalization is at best imperfect and such impacts should be valued as external costs. 
4
 For a formal derivation of confidence intervals for the uncertainty see Friedrich and Bickel (eds. (2001)), Chapter 11. 
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of the plant remains a key factor, in spite of the fact that air pollutants disperse quite widely 

and over long distances, resulting in a considerable part of the damages occurring outside 

the normally considered range for ‘local’ air pollutants.   Estimates by the ExternE team 

indicate that for a stack height of 100 meters, the difference in costs per ton of pollutant 

between a highly urban site, such as Paris, and one in rural France is of the order of a factor 

of three. (Friedrich, Rabl and Spadaro, 2001) 

 

Figure One: The Impact Pathway Approach 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. We can see the impacts of the technology and location factors by looking at the detailed 

case studies for coal and lignite and gas. For coal and lignite the lowest cost per kWh in the 

EU arises from a hard coal pressurized fluidized bed combustion (PFBC) plant located in a 

rural area in Germany.  The highest cost arises from a plant in densely populated Belgium 

with no flue gas desulphurization (FGD), nor selective catalytic reduction (SCR), and using 

coal with high sulfur.  In China the lowest cost coal external costs are associated with a 

modern clean coal plant in Shandong province (Qingdao), using seawater flue gas 

desulphurization (FGD). For gas the lowest cost per kWh in the EU arises from a state of the 

art combined cycle plant in rural Germany. The highest cost arises from an old plant located 

in a relatively densely populated part of Denmark or France. 
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Table 1: Impacts Pathways Included in the Analysis of the Electricity Sector 

 

Impact 

Category 

Pollutant/Burden Effects 

Human Health – 

Mortality 

PM10, SO2, NOx O3 

Benzene, Benzo-a-pyrene 

1,3-butadiene, Diesel particles 

Accident Risk 

Reduction in life expectancy 

Cancers 

 

Fatality risk from transport of materials and at 

workplace 

Human Health - 

Morbidity 

PM10, SO2, O3 

PM10, O3 

PM10, CO 

Benzene, Benzo-a-pyrene 

1,3-butadiene, Diesel particles 

PM10 

 

 

 

O3 

 

 

 

 

 

Accident Risk 

Respiratory hospital admissions 

Restricted activity days 

Congestive heart failure 

Cancer risk (non fatal) 

 

Ceberbo-vascular hospital admissions 

Cases of chronic bronchitis 

Cough in asthmatics 

Lower respiratory symptoms 

Asthma attacks 

Symptom days 

Myocardial infarction 

Angina pectoris 

Hypertension 

Sleep disturbance 

Risk of injuries from traffic and workplace 

accidents 

Building 

Materials 

SO2 

Acid deposition 

Combustion particles 

Ageing of galvanized steel, limestone, mortar 

Sandstone, paint, rendering and zinc 

Soiling of buildings 

 

 

 

 

 

 

 

 

Crops 

SO2, NOx  

O3 

 

Acid deposition  

Yield of wheat, barley, rye, oats, potato, sugar beet 

Yield of wheat, barley, rye, oats, potato, rice, 

tobacco and sunflower seed 

Increased expenditure on liming 

Global 

Warming 

CO2, CH4, N2O, N, S World-wide effects on mortality, morbidity, 

coastal impacts, agriculture, energy demand and 

economic impacts due to temperature change and 

sea level rise 

Amenity Losses Noise Amenity loss  

Ecosystems Acid deposition 

Nitrogen deposition 

Acidity and eutrophiciation 

  

Source: European Commission (2003))  

Note: The climate change costs are based on an estimate of costs of avoidance of €19/ton CO2. 

 

 

 

Table 2: External Costs of Electricity in the EU and China 

 
US cents/kWh 

2005 prices 

Coal & Lignite Gas Hydro 

Min Mean Max Min Mean Max Min Mean Max 

Without climate 

change 
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EU 0.7 9.1 14.7 0.4 2.3 3.0 0.0 0.7 1.3 

China 1.0 5.9 18.1 0.4 0.4 0.4 na na Na 

Climate change          

EU 1.6 1.6 1.6 0.7 0.7 0.7 0.03 0.03 0.03 

China 1.9 1.9 1.9 0.8 0.8 0.9 na na Na 

Source: European Commission (2003) and estimated from Eliasson and Lee (2003), page 495. 

Note: The climate change costs are based on an estimate of costs of avoidance of €19/ton CO2 in the EU studies and 

€22/ton CO2 in the China study.  This does not mean that climate change costs in China are higher: it merely reflects 

differences in the magnitude of these costs, which are of course independent of where the CO2 emissions are generated. 

 

9. The second point to observe is the relatively high external costs of coal power in China, 

in spite of the country’s lower per capita income and living standards.  Traditionally 

environmental economists have assumed that external costs will be lower in developing 

countries due to the lower willingness to pay (WTP) of their citizens to avoid environmental 

damages.  While that is true that individual WTP is lower, the impact of higher population 

densities in occupied land areas of developing countries can cancel out much of the effect
5
.  

This has implications of course for India, where detailed studies of external costs could also 

come up with high figures that would justify standards as strict as those of the EU and US in 

highly populated places
6
. 

10. An idea of the impact of different types of generation on human health can also be seen 

in physical terms, avoiding the problems of valuation.  The ExternE results indicate values 

as shown in Table 3 in terms of deaths, serious illnesses and minor illnesses per tWh of 

electricity generated from different types of fuel.  The table also separates the impacts of 

accidents from those of routine operations. 

11. As far as individual fuel cycles are concerned the following are worth noting: 

Coal and Lignite:  The occupational health effects associated with mining are of course well 

known, although the rate of fatalities and associated injuries has been declining. 

Nevertheless recent studies show that up to 12 percent of coal miners develop one of a range 

of potentially fatal diseases (pneumoconiosis, progressive massive fibrosis, emphysema, 

chronic bronchitis and accelerated loss of lung function).  At the generation stage the main 

impacts arise from the emissions of primary and the creation of secondary small particles 

(PM2.5 and PM10) as detailed above.  SO2 and NOx emerge as important in this context 

because they contribute to the creation of these secondary particles, in chemical oxidation 

involving atmospheric gases.  Direct health impacts of SO2 and NOx are much less 

significant and are not included in the main estimates reported above. 

Oil and Gas:  The health impacts from gas are more than an order of magnitude lower than 

coal, mainly because the effects from primary and secondary particles are much smaller.  

The technology used in Europe and assessed in the study reported is also state of the art and 

very efficient, hence reducing emissions per unit of energy generated.  The health burdens 

associated with oil are higher than gas but still much lower than coal or lignite.  Accidents 

from this fuel source are estimated to be 50 percent higher than gas but only 20 percent of 

those associated with coal and lignite. 

Biomass: The biomass considered has focused on state of the art plants that meet EU 

environmental standards (this applies to virtually all plants that were assessed for the data 

                                                 
5
 The estimates of China in Table 2 are based on lower WTP in China compared to the EU.  The study assumed that 

China’s WTP was in proportion to its PPP GDP per capita relative to the PPP GDP per capita in the EU.  The range of 

values is wider than for the EU because a wider range of technologies has been evaluated. 
6
 A meta analysis conducted by the author on the 156 EU studies of the external costs of electricity generation show that 

a one percent increase in the population affected by the plant increases the external cost by between 0.2 and 1.4 percent. 
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reported in Table 3).  Sources are mainly energy crops but also some forest residues.  The 

resulting impacts, although significant, are still well below those from coal and lignite.  As 

an indication the resulting chronic mortality figures are less than 20 percent of those from 

the lignite reference technology reported above.  The most important emissions are those of 

ozone precursors – such as NOx and VOCs. 

Nuclear:  The sources of the impacts and indeed the impacts themselves for this fuel cycle 

are very different from the fossil fuel ones.   Effects can arise from occupational effects 

(especially from mining), routine radiation during generation, decommissioning, 

reprocessing, low level waste disposal, high level waste disposal and accidents.  The figures 

in Table 3 show occupational deaths of around 0.019 per terawatt hour, largely at the mining 

and milling and generation stages.  These are small numbers in the context of normal 

operations.  For example, a normal reactor of the kind in operation in France would produce 

5.7 terawatt hours a year.  Hence it would take over ten years of operations for a single 

occupational death to be attributed to the plant.  Likewise, deaths through cancer, severe 

hereditary effects and non-fatal cancers from normal operations are extremely small
7
. 

The main source of potential costs is accidents and non-routine radiation and here there is a 

lack of agreement between expert assessments from the industry, as reported in the ExternE 

figures, and the public perception of these costs.  In spite of several attempts to bridge the 

gap, there remains a firm divide between lay and expert estimates of the probability of 

nuclear accidents. 

12. It would be very helpful if we could apply these health impacts in the Indian context to 

calculate total deaths and case of serious and minor illnesses.  However, such an exercise is 

not possible because we have different population densities to contend with and because the 

technologies of the plants used in India are different.  Nevertheless such a calculation can be 

made for India in the future and would be a useful guide to the physical health impacts of 

electricity generation.  

13. Other studies in China reviewed by the World Bank, using different methodologies have 

figures at the lower end of the range given in Table 2.  The CRESP (2002) economic 

analysis come up, for example with a figure of around 1 US cent/kWh, which is the lower 

bound of the figures from the Eliason and Lee study which is the basis of the estimates in 

that Table.  Part of the difference may be explained in terms of the plants looked at, 

technologies etc., but part may arise from different assumptions about the damage costs 

arising, particularly health costs.  This serves to show that a careful assessment is needed for 

each plant, and it should be peer reviewed and have broad agreement before it is adopted for 

policy purposes.  

 
Table 3.  Health impacts from electricity generation in Europe by primary energy source. 

(Deaths/cases per TeraWatt.hour) 

 
Deaths from accidents Air pollution related impacts 

 

Among the 

public 
Occupational Deaths Serious illness Minor illness 

Lignite 
0.02 

(0.005-0.08) 

0.10 

(0.025- 0.4) 

32.6 

(8.2-130) 

298 

(74.6-1193) 

17676 

(4419-70704) 

                                                 
7 Note that no confidence interval is provided for nuclear impacts.  This is because the argument used to derive the 

interval for the other fuel cycles does not apply to the nuclear cycle and we do not have an agreed methodology for 

estimating such an interval. 
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Coal 
0.02 

(0.005-0.08) 

0.10 

(0.025- 0.4) 

24.5 

(6.1-98.0) 

225 

(56.2-899) 

13288 

(3322-53150) 

Gas 
0.02 

(0.005-0.08) 

0.001 

(0.0003-0.004) 

2.8 

(0.70-11.2) 

30 

(7.48-120) 

703 

(176-2813) 

Oil 
0.03 

(0.008-0.12) 
. 

18.4 

(4.6-73.6) 

161 

(40.4-645.6) 

9551 

(2388-38204) 

Biomass . . 
4.63 

(1.16-18.5) 

43 

(10.8-172.6) 

2276 

(569-9104) 

Nuclear 0.003 0.019 0.052 0.22 . 

Notes 

1 Deaths from air pollution include acute and chronic effects.  Chronic effect deaths are between 88% and 99% of total.  

In the nuclear case they include all cancer related deaths. 

2 Serious illnesses include respiratory and cebero-vascular hospital admissions, congestive heart failure and chronic 

bronchitis. In the nuclear case they include all non-fatal cancers and hereditary effects. 

3 Minor illnesses include restricted activity days, bronchodilator use cases, cough and lower respiratory symptom days in 

asthmatics and chronic cough episodes. 

4 "." – data not reported.    

Sources: Lignite: http://externe.jrc.es/ger.pdf, Coal, Oil, Gas and Biomass : http://externe.jrc.es/uk.pdf, Nuclear: http://externe.jrc.es/uk.pdf and  

 

14. Looking in depth at the sources of the external costs we find that by far the greatest 

monetary damages are to health, which account for around 95 percent of the total (excluding 

climate change).  Within the health category, mortality damages are about half the total, and 

could be more depending on what valuation is taken for a loss of life (see below). 

15.  An important source of external costs is the valuation of reduced life expectancy.  There 

has been considerable discussion on this and the EU has adopted a ‘consensus’ value of €3.5 

million per statistical life lost as a result of health effects.  This is consistent with the value 

used in the US for the valuation of some mortality risks, but is higher than in most 

developing countries.  In India, for example the value ranges from US$153,000 to 

US$358,000 at the 1998 exchange rate, based on WTP studies (Simon et al. 1999) while 

those based on the human capital approach, using PPP exchange rates to value earnings, 

come up with a value of around US$202,000 to US$344,000 (Busello and O’Connor, 

2001)). There is also a dispute about what value should apply in the context of air pollution 

related deaths, where the persons involved often have a very short life expectancy.  Work on 

this is continuing and a consensus has not yet been reached.  

16. The external costs for hydropower are very low, partly because they involve amenity 

externalities and eco-system effects that have not yet been valued in willingness to pay 

terms.   Although a wide range of impacts, including those downstream, have been included 

their monetization has proved difficult.  Instead the main costs included are the costs of 

mitigating any negative effects of power system development.  In practice, hydro 

development in industrialized countries is very constrained and loss of amenity or eco-

system services has to be minimized and compensated for to the fullest extent possible.  In 

contravention of the rule that the estimated costs should be based on WTP, the eco-system 

services costs are taken as avoidance costs
8
.  We should also note that hydro projects in 

Europe, which are the ones that have been reported in Table 2, do not have the health costs 

associated with hydro projects in the tropics, where water borne diseases can increase as a 

                                                 
8
 The same applies in most cases to the estimated climate change costs, which are based on the price of emissions 

permits in the EU (a mean value of around €19/ton carbon).  Damage cost estimated vary widely and while some 

studies have used damage cost estimates most have not, having relied on the avoidance cost.  In Table 1 we only report 

the avoidance cost figure. 

https://postino.feem.it/horde/util/go.php?url=http%3A%2F%2Fexterne.jrc.es%2Fger.pdf&Horde=09c2dc3ca51d939e7a997bac6871b963
https://postino.feem.it/horde/util/go.php?url=http%3A%2F%2Fexterne.jrc.es%2Fuk.pdf&Horde=09c2dc3ca51d939e7a997bac6871b963
https://postino.feem.it/horde/util/go.php?url=http%3A%2F%2Fexterne.jrc.es%2Fuk.pdf&Horde=09c2dc3ca51d939e7a997bac6871b963
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result of dam construction.  They do, however, cover the costs associated with climate 

change effects of carbon emissions during construction and operation
9
. 

 

External Costs of Transmission 

17. Although the ExternE estimates include external costs of all phases of the production of 

electricity, including the production of the raw material, its transport, the generation of 

electricity and the disposal of the waste, the external costs of transmission have not been 

dealt with in detail. Ongoing work under the NEEDS project of the EC is looking at these.  

The final reports will only be available next year but some preliminary results are now under 

review. The impacts are divided into three groups: the health costs, especially to children, of 

leukemia from exposure to electromagnetic fields (EMF), the aesthetic costs of transmission 

lines and the external costs associated with producing the materials used in construction, 

their transportation etc.  It must be emphasized that the figures presented below are 

preliminary and subject to wider peer review. 

18. The evidence for leukemia in children exposed to EMF is not conclusive, and what there 

is points to relatively small effects. The data indicate an increased relative risk of as much as 

two times the baseline risk in zones where the strength of the EMF is greater than 0.4 micro 

tesla.  For an extra high voltage line (e.g. 380 kV) an EMF of this strength and above would 

define a corridor of about 130 meters each side of the line (260 meters in total).  The 

increased risk of leukemia is then about one case per 10,000 children thus exposed.  Since 

the total number exposed is very small, the costs in terms of €/kWh are minute.  For the EU 

they would amount to about 0.025 US¢/kWh.  In the case of India additional calculations 

would have to be undertaken, allowing for different ground clearance regulations. 

19. The costs associated with visual intrusion are higher and site specific.  Case studies 

using hedonic pricing techniques (where impacts of transmission lines on property values 

are estimated) in Europe and elsewhere suggest these could be quite high; a figure of about 

0.6 US¢/kWh is possible for areas of high residential density (based on Belgian studies).  

20. Finally there are the external costs associated with the production and transportation of 

materials used in transmission lines.  Although they add significantly to the direct costs of 

construction (about 16 percent), they are still a tiny additional cost (about 0.06 US¢/kWh). 

 

 

3. EXTERNAL COST ESTIMATES OF POWER SYSTEMS IN INDIA. 

21. There are some estimates of the external costs of power generation in India, but there is 

not a full and comprehensive assessment available.  A substantial study was carried out by 

Bussolo and O’Connor (2001) in the context of estimating the ancillary benefits of policies 

that reduce carbon emissions.  They modeled the links between emissions and 

concentrations at the regional level (the concentrations of major pollutants in major cities 

                                                 
9
 The estimates do not include the impacts of future climate change on the operational costs of the hydropower plants 

themselves (e.g. discharge changes).  These can be seen as possible externalities from the carbon emissions and 

therefore to be debited to the source of the carbon emissions – e.g. the thermal plants.  The estimates of carbon 

externalities is not generally refined enough to pick up these points. It was also commented that ‘externalities’ 

associated with compliance by the contractor on environmental management are not accounted for.  In fact to the extent 

that such actions are taken the external effects are reduced and this has been allowed for. 
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was modeled as a function of emissions in four regions of the country.   Although not a full 

spatial model, it does provide some degree of detail in terms of source and stack height.  The 

resulting concentrations are then linked to the usual dose response functions, from which 

damage estimates are derived.  Items included are primarily health effects but also some 

impacts on crops and water.  The results show that a one ton reduction in carbon emissions 

is associated with a parallel reduction in local pollutants worth about US$58 (at the 1995 

exchange rate and 1995 prices).  Adjusting this to 2005 prices and exchange rates, and 

applying the ancillary benefit estimate to carbon emissions from known technologies, we get 

the figures for external costs excluding carbon as given in Table 4.  They range from US¢ 

7.0 for a modern lignite sub-critical plant to US¢ 2.9 for a CCGT.  These are comparable to 

the mean figures in Table 1
10

.  We should note, of course, that these are only guideline 

values, and that actual external costs will vary considerably by location, noted earlier.  

Studies of actual emissions from Indian coal plants indicate values ranging from 600 to 1800 

grams per kWh, with a mean value across 81 stations of 1043 grams per kWh
11

.  That would 

imply a corresponding non-carbon external cost of around US¢ 8.0 per kWh. with a range 

from US¢ 4.6 to US¢ 13.8 per kWh.   Note that these external costs are for local pollutants 

only.  They do not include CO2 costs. 

 

 

22. The only other estimates available for India are those carried out by the World Bank 

Lvovsky et al (2001).  They estimated damage costs for six cities, including Mumbai, for 

power plants with high stacks as well as for self-generation.  The damages from the former 

were as follows (in 20+00 dollars): US$234/ton for PM10, US$51/ton for SO2 and US$20/ton 

for NOx.  For the latter they were US$7963/ton for PM10, US$1747/ton for SO2 and 

US$668/ton for NOx.  The difference is important as it shows the considerable additional 

environmental cost arising when power stations do not provide adequate electricity and 

individuals turn to self-generation.  Furthermore it has been used effectively in assessing the 

benefits of increased power generation in a study carried out with Bank support for 

Karnataka (see below). 

23. It is difficult to convert the damage estimates given by Lvovsky et al. into damages per 

kWh, but as a rough guide the figures they quote would not amount to much (for a typical 

modern coal plant with FGD and the most efficient ESP they would add up to about US¢ 

0.06/kWh).  These figures, however, in my view a serious under representation of the full 

                                                 
10

 Bussolo and O’Connor also note the relatively high estimates of ancillary benefits in India compared to a developed 

country like the US, for which estimates of ancillary benefits are range from $3 to $89, with an average of $47.  This is 

in spite much lower unit costs for loss of life and morbidity effects that have been applied in India and reflects the major 

reductions in local pollutants that can be achieved with a reduction in carbon emissions in a country like India, as well 

as the high population concentrations. 
11

 Based on data provided by Peter Meir. 

Table 4: External Costs of Electricity Generation in India

Technology

Carbon emissions 

grams/kWh

Ancillary 

External Costs 

USc/kWh

Lignite Sub-critical 896 7.0

Lignite Super critical 851 6.6

CCGT 367 2.9

Fuel Oil 733 5.7

Source: Own calculations and Bussolo and O'Connor (2001)
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external costs of power generation.  To put them in perspective, the figures of damages per 

ton given above are about 100 times below the comparable estimates from the EU studies 

and studies in developing countries such as China and Peru
12

. 

24. Although the available Indian data on the external costs of air pollution in general, and 

of power systems emissions in particular are limited, there are clear indications that the 

levels are high.  The argument that the costs will be low because low incomes imply a low 

WTP for air quality simply does not hold.  Hence there is a strong case for the government 

to undertake a detailed assessment of these external costs.  The data will be very useful for 

planning purposes, as we discuss in the next section.  

 

4. USE OF EXTERNAL COST ESTIMATES IN AN INTERNATIONAL AND IN AN INDIAN CONTEXT. 

25. The external cost estimates of power systems are valuable data at various levels.  They 

can be used for decision-making related to: 

i. The siting of power stations and related facilities; 

ii. The setting of regulations in terms of technology or emissions standards, and of 

regulations based on fiscal incentives (e.g. emissions charges, emissions caps etc.) 

iii. The planning of power systems at the state and regional level, taking account of the 

environmental costs. 

Each of these is considered below. 

 

 Plant Level Use of Externality Data 

26. At the plant level, investments in power are usually valued in financial and economic 

terms, to ensure they are justifiable under both criteria.  Given that most such investments in 

industrialized countries are now carried out by the private sector, the benefit cost analysis 

generally does not include a valuation of the external costs and a similar consideration 

would now apply in India.  Any environmental requirements in terms of technological and 

other standards are complied with and the costs internalized.  There is, of course, a 

comprehensive procedure of environmental impact assessment (EIA), under which such 

impacts are assessed, including those relating to ambient air quality.  The process may 

involve the regulator undertaking some risk assessment of the plant itself, or requiring the 

investor to undertake such an assessment. The result of this may be further environmental 

measures that the investor has to undertake. 

 

27. In India, similar procedures are followed.  The following summarizes the recent 

proposed developments in EIA which, although not yet adopted, are expected to be in place 

in the near future. Thermal power stations involving more than 500 MW and hydro projects 

with more than 20MW are classified as category A under the EIA scheme in the country.   

Smaller projects in each case are classified as B.  Category A projects require clearance 

from the central Ministry of Environment and Forests (MOEF), as opposed to category B 

projects that only require state level approval.  The MOEF or the state authority sets up an 

Expert Appraisal Committee (EAC) to screen, scope and appraise the projects.  There are 

four stages involved: screening, scoping, public consultation and appraisal.  The screening 

                                                 
12

 For primary sources of data for the China study see Eliason and Lee, 2003.  For the Peru study Peru, see ECON, 2006 

and Larsen and Strukova, 2006. 
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stage entails classification of the project under one of the categories: A, A/B, B1 and B2 by 

the EAC.  The scoping stage is the process by which the EAC determine the detailed terms 

of reference for the EIA to be carried out.  The public consultations are required for all A, 

A/B and B1 projects, subject to some exceptions, which are unlikely to apply to power 

projects.  The relevant authority seeks responses to the EIA report from interested parties 

and asks the applicant to respond to all material concerns through a revision of the EIA and 

the associated Environment Management Plan (EMP).  Finally there is appraisal stage, at 

which a detailed scrutiny of the EIA and EMP is carried out by the EAC, who then grants or 

rejects the application or asks for modifications before reconsideration.  In the case the 

application is granted, the applicant is required to submit half-yearly reports in respect of 

any stipulated prior clearance terms to the regulatory authority. 

 

28. For ‘A’ classified thermal power sector projects, EIA projects require air quality data in 

the vicinity of the station to be collected for three seasons. An air quality model is then used 

to see if ambient air quality standards will be violated as a result of the project.  The results 

of the model can thus be used to require stricter pollution standards in the event of such 

violations.  In practice, however, requirements of this type are rarely imposed, although 

there are exceptions (e.g. the Tata Power Plant in Trombay where a 25 percent reduction in 

flue gases was asked for).  Indeed refusal of consent for a thermal power station in India is 

very rare and discussions with senior officials indicate that the power sector generally is 

treated quite leniently with respect to environmental norms, given the substantial power 

shortages in the country as well as considerable plant level problems of compliance that 

many generators face
13

. 

 

Use of Externality Cost Data in Setting Regulations 

29. Here a big difference is observed between EU/US practice and practice in India.  In the 

former all major regulations are obliged to undergo some kind of benefit cost assessment, 

now more widely referred to as a regulatory impact analysis (RIA).   The exercise is 

conducted as part of an integrated decision-making procedure under which the costs and 

benefits of any proposed changes must be assessed.  In the case of environmental 

regulations, it implies estimating any benefits in terms of reduced externalities and 

comparing them to other costs imposed by the regulation.  This can apply to technological 

standards, emissions standards, ambient air quality standards; as well as market based 

regulations that specify charges etc.  Table 5 lists some of the important directives in the EU 

for which the external cost data from ExternE has been used.  As the table shows, 

applications range from direct evaluation of specific standards (e.g. the large combustion 

plant directive under which FGD was stipulated for power stations of greater than 50MW), 

to ambient air quality directives (for NO2 and PM10), to wider strategic targets (e.g. benefits 

of different timetables for compliance with the environmental directives for new member 

states to the EU).  The external cost data are, of course, only one input into these 

assessments, and there are a number of outstanding issues related to them (as we noted 

earlier).  Nevertheless, it remains the case that external cost data have been a very important 

part of the process by which new directives have been enacted. 

 

Table 5: EU Regulations in which Externality Cost Estimates Have Been Used 

 

                                                 
13

 As a number of studies have noted, there is also a problem in India of lack of compliance with the standards. This is 

partly the result of inadequate monitoring.  These issues are discussed further in the Bank’s CEA for India (World 

Bank, 2006). 
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Applications Year 
Economic evaluation of the draft directive on Non-hazardous waste Incineration 1997 

Study of public transport modes along the Edgeware Road corridor  1997 

Regulatory appraisal of the NO2 and PM10 air quality objectives.  1997 

Regulatory appraisal of the SO2 air quality objectives.  1997 

Cost and benefits of the Multi-pollutant, Multi-effect protocol.  1998 

Economic evaluation of the costs and benefits of acidification and ground level ozone.  1998 

Non-health benefits of the National Air Quality Strategy. 1998 

Cost-effectiveness analysis of health impacts.  1998 

Comparative risk assessment of electric power technologies.  1998 

Economic evaluation of costs and benefits for the Emission Ceilings Directive.  1998 

Comparison of the external costs of renewable energy technologies versus conventional 

sources.  
1998 

Cost-benefit analysis of proposals under the UNECE Multi-pollutant, Multi-effect protocol.  1999 

Economic Evaluation of Air Quality Guidelines on CO and Benzene  1997-99 

Cost benefit analysis of NOx and VOC control under the UNECE Multi-pollutant, Multi-effect 

Protocol  
1997-99 

Quantification and valuation of the health effects of fine particles.  1999 

The environmental costs of lorries: a study to incorporate environmental costs in vehicle excise 

duty rates.  
1999 

Economic evaluation of diverting PVC from incineration to landfill and recycling. 1999 

Surface transport costs.  A study of the comparative environmental costs of road and rail in the 

UK. 
2000 

A comparison of the external costs of very large lorries and rail freight in the UK.  2000 

Guidance on Reducing the Environmental Impacts of Urban Energy-Use in Developing 

Countries.  
2000 

Economic evaluation of air quality limits for PAHs. 2000 

Economic Evaluation of the Diversion of PVC from Incineration. 2000 

Study of the Benefits of Compliance with the EU Environmental Acquis: Quantification of the 

benefits of air quality improvements.  
2000 

A Regulatory and Environmental Impact Assessment (REIA) on the Second Daughter Directive 

Concerning Air Quality Limits for CO and Benzene.  
2000 

Development of an integrated approach to environment and health. 2000 

Environmental impacts upon technology, employment and competitiveness to 2010: 

Environmental quality and health. 
2000 

Economic evaluation of the Second NOx Protocol. 1998-00 

Current, historical and future external costs of the UK power generation sector.  2000 

Comparison of external effects from CPH plants with those from separate production of power 

and heat.  
1999 

Assessment of the production of energy from biomass.  2000 

Economic evaluation of the large combustion plant directive.  1999 

Green Accounting for the European Union. 2001 

Greensense: Integrated Accounting and Sustainability. 2001-03 

 

30. In India a different approach has been taken.  Ambient air quality standards are 

established taking account of WHO and other international standards, but they are not 

necessarily the same as these standards.  Furthermore India does not have ambient air 

quality standards for PM10, PM2.5 and Ozone. The basis for emissions standards is not clear 

either.  There is no formal benefit cost assessment involved, and the levels are often lower 

than prescribed by international bodies, such as the World Bank.  This holds, for example, 

for emissions standards for TSP and SO2. 

 

31. We should also note that, although India has a number of emissions regulations for all 

the important sources of air emissions, as well as targets for air quality, the latter are 

frequently exceeded.  As far as power sector emissions are concerned, the most important 

exceedences are with respect to Suspended Particulate Matter (SPM) and Respirable 
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Suspended Particulate Matter (RSPM). The latest TERI Energy Yearbook (TERI, 2005) 

reports that annual SPM levels are exceed national standards in 77 of the 91 residential 

monitoring stations more than 2 percent of the time in 2003, and the RSPM standard of 120 

μg/m
3
 (annual average) is exceeded in most cities.  Since RSPM is associated with 

significant health effects, this failure of the environmental regulations to work effectively is 

having important consequences for human wellbeing
14

. The TERI report cites a study by the 

Institute of Economic Growth, which has estimated annual damages from urban air pollution 

in 15 major cities in India to be 111 billion rupees.  In some states these costs are as high as 

8 percent of the state domestic product. 

 

32. In addition to the air quality regulations there is also a serious problem in India with ash 

disposal and hazardous element percolation to ground water through ash disposal in ash 

ponds.  Due to the very high levels of ash in Indian coal, it is estimated that 1 acre of land is 

needed per MW of installed coal fired generation capacity for ah disposal.  If the trend in 

coal capacity continues, by the year 2014-2015, 1000Km
2
 will be used for this purpose – 

equal to one square meter per person, or an area the size of Hong Kong. 

 

33. In 1999 the World Bank assisted the Government of India address environmental issues 

in the power sector by preparing a manual for environmental decision-making.  At that time 

it took the view that external costs (‘damage costs’ as it called them) could not be quantified.  

It stated: ‘It is theoretically possible for population exposure to be used with dose response 

functions in order to quantify specific health impacts, e.g. mortality and morbidity.  

However, the research on dose response functions and damage costs has yielded very wide 

estimates and little research has been undertaken in India.  Dose-response functions and 

damage costs should be treated with considerable caution… The EIPS [Environmental 

Issues in the Power Sector] work should be treated with considerable caution.  The EIPS 

work tended to avoid quantitative analysis which could not be readily substantiated.’ 

(ESMAP, 1999).  This may have been a valid position for India in 1999 but the level of 

research and its acceptability for this kind of analysis has increased substantially in the last 

six years and the external cost estimates are now widely used to improve decision-making in 

power systems.  Furthermore, it is not clear on what basis standards can be set other than 

through the use of cost benefit or cost effectiveness analysis, both of which need some 

external cost data.  It is also instructive to note that the Bank did, in fact use some estimates 

of external costs in a power system planning exercise for Karnataka in 2004.  This report, 

which has some useful and generally valid policy conclusions, derived these results 

notwithstanding rather weak estimates of external costs.  The latter do not have to be very 

accurate to be useful. 

  

Use of Externality Cost Data in Power System Planning at the National or Regional Level 

34. The external cost data are not much used for detailed in generation expansion planning 

in the EU and US, as most of the decisions about where to build plants and what fuels to use 

are taken by the private sector.  Nevertheless, they are used for strategic planning purposes 

at the national and EU level, as witnessed in the studies listed in Table 4.  These include the 

‘Comparative risk assessment of electric power technologies’ carried out in 1998, ‘Current, 

historical and future external costs of the UK power generation sector’ conducted in 2000 

and many other national assessments not included here.  The aim is to provide indicative 

                                                 
14

 The epidemiological evidence relates to concentrations of particles of less than 10 microns diameter (PM10).  SPM, or 

equivalently Total Suspended Particulates (TSP), include particles of all sizes.  Normally a conversion of 0.55 is applied 

in going from SPM to PM10.  In the case of India it has been suggested that a conversion of 0.4 is more appropriate, 

given the high levels of background dust carried from the arid Western regions. 
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guidance to the private sector on what the authorities see as likely demand and likely private 

and external costs of generation. 

35. In developing countries the integration of environmental costs in least cost generation 

expansion planning has been ongoing for some time.  For example, the WASP model, 

modified to include an environmental module (IMPACTS) and other components has been 

developed by Argonne National Laboratory. It is referred to as ENPEP and has been used in 

several countries to evaluate different expansion plans that respect environmental 

constraints.  In some models the environmental costs have been explicitly been included in 

the optimization function
15

.  

36. In India, as ESMAP study was undertaken recently, to look at trade-offs between 

environmental and other costs in power system planning in Karnataka. (EMAP, 2004).  The 

study made use of estimates of the environmental costs of power plants and self generation 

from Lvovsky et al. study, along with data on the direct costs of different options to evaluate 

a number of scenarios against a baseline of business as usual, which included reforms that 

allowed increased IPP capacity addition and substantial improvements in transmission and 

distribution (T&D) losses. The scenarios included (a) ‘stalled reform’, in which these 

improvements did not take place, (b) demand side management (DSM), where a portfolio of 

programs in the domestic, agricultural and commercial sectors was assumed to be enacted, 

(c) ‘impact of the 2003 Electricity Act’, which was expected to improve plant load factors, 

(d) ‘renewable energy’ where some 600MW of wind power were brought on stream, (e) an 

imported coal scenario that looked at increased availability of lower cost coal at Western 

locations, (f) increased availability of natural gas from new fields discovered of the coast of 

Andhra Pradesh and (g) a hydro scenario that assumed normal operations of the Almatti 

Dam that was being held up because of a dispute on water rights on the Krishna River. 

37. The evaluation of each scenario was carried out in terms of discounted net consumer and 

producer surplus and the results are interesting in providing both net overall benefits of each 

option as well as the distribution of these benefits between different stakeholders.  A 

particularly important parameter in the study is the huge difference in environmental costs 

between self generation and generation from commercial power plants.  The former being 

about 35 times as high as the latter means that any increase in commercial generation, 

facilitated by financial and institutional reforms, generates significant environmental 

benefits as well.  In the final analysis the study found a high level of local environmental 

costs from the stalled reforms (because of the high level of self generation that resulted with 

stalled reforms) as well as a reduction in economic benefits.  DSM turned out to provide 

positive benefits overall and environmental benefits.  The 2003 electricity act generated 

positive overall benefits but yielded small costs in terms of air and water pollution.  The 

wind power had negative overall benefits (because of the high costs of wind power) 

although it did yield small environmental gains through reduced air and water pollution.  

Imported coal had positive overall benefits as well as positive local environmental benefits 

(it involves lower emissions than domestic coal).  The natural gas option was not attractive 

in overall terms as the costs are high for Karnataka. But the option did have some positive 

environmental gains.  Finally the hydro option had both positive economic and 

environmental benefits. 

38. This use of external cost data in a power sector planning framework is a good example 

of how environmental data can be of value in assessing policy options for power system 

                                                 
15

 For details see Hamilton et al. 1992.  Discussions with the CEA in India on how it carried out generation expansion 

planning were not fruitful and we could not determine how, or if at all, environmental factors were addressed there. 
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planning.  As we noted earlier the environmental costs used in the study are at the low end 

of the spectrum of damage cost estimates but the relative costs of self-generation versus 

commercial are about the right order of magnitude; enough for the data to be of great value 

in this kind of analysis. 

 

5. HYDRO POWER AND TREATMENT OF ENVIRONMENTAL COSTS RELATED TO LOSS OF 

FORESTS 

39. Forests provide a number of important and varied ecological and productive functions.  

For instance, they provide timber, Non Timber Forest Products (NTFPs), ecological services 

such as watershed protection, carbon sequestration and recreational facilities.  Providing a 

value on these goods and services, which would otherwise not be recognized by policy-

makers, is necessary for two reasons: to reflect the contribution of forest land to the 

economy; and to determine the amounts payable as compensation should forest land be 

diverted.  

40. The objective of this section is to provide a review of estimates for the value of goods 

and services derived from forested land, which can be used as a guide for assessing the value 

of diverted forested land due to the construction and operation of hydroelectric projects.  It 

is based on a review of international and Indian studies of the value of forested land.  

Following from this, the current discussion on the payment on the net present value (NPV) 

of forested land lost during hydropower development is commented upon.  

41. Forest land provides a range of goods and services with inherent ecological and 

production values.  Ecological services can include flood protection, whilst forest can also 

yield socio-economic values from the sale of timber NTFPs, and the provision of 

subsistence for example.  Monetary values have been assigned to these goods and services. 

A useful framework for categorizing these values is to distinguish between: 

 Direct Use Values: these are derived from the consumption of forest goods (e.g. 

fuelwood from the forest) and the use of forest goods as an input to production 

(e.g. timber harvesting); 

 Indirect Use Values: derived more from the ecological functions of the forest 

which support and protect other economic activities (e.g. watershed protection); 

 Option Values:  this describes the potential values that can be accrued from both 

direct and indirect use of forest land (e.g. untapped medicinal values of forest 

lands); and 

 Non Use Values: the value derived from the conservation of forest land, for 

existing and future generations.  People may place an implicit value on forests 

even if they do not directly/indirectly use the forest resources. 

 

A simple illustration of this framework is provided in Figure Two below. 

 

Figure Two: The Value of Forest Land 
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42. A range of valuation methods can be applied in estimating these values
16

.  These include 

the use of market prices (more applicable to estimating the direct use value such as NTFPs), 

stated preference techniques such as the Contingent Valuation Method (CVM) that are used 

when market prices do not exist (e.g. for biodiversity values), and techniques which use 

surrogate market data such as the Travel Cost Method (e.g. to estimate the recreational value 

of forests). 

43. A review of a large number of studies of forest values was conducted as part of this 

study, although it is not a complete review of the literature.  Individual valuation studies 

from several countries, including India, Malaysia, Nepal, Madagascar, Costa Rica, Turkey, 

Brazil and Peru were examined.  In addition a summary by Pearce and Pearce (2001) of 

studies from around the globe; and by Mathur and Sachdeva (2003) and by TERI (2006) of 

studies in India were reviewed.  Most of these studies estimate use values (both direct and 

indirect) and do not include non-use values.  As such some would argue that the values 

underestimate the true value of forested land.  Details of the studies are available on request 

from the author. 

44. Table 5 reports values obtained under each category in terms of US$ per hectare per 

year.  Since not all authors report values in terms of per hectare per year, any values that are 

not so reported have been converted into per hectare per year terms using a discount rate of 

5 percent.  The table reports ranges for non-Indian studies and for Indian separately.  

                                                 
16

 For a comprehensive review of valuation techniques see Bishop (1999).  
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45. A number of points are worth noting from Table 6: 

i. For the specific values by type of service the Indian studies are not out of line with 

the international studies and seem to be highly consistent with them. 

ii. Within each category there is a wide range of values, depending on the type of 

forest, its location etc.  For example, a forest under sustainable logging has a 

higher value than one under conventional logging.  Fuel wood values depend 

critically on how close the forests are to populations. Tourism values vary widely 

according to the special characteristics of the forests and how close they are to 

towns (the closer they are the more use is made for tourism purposes). 

iii. The overall range of values could be as low as $195 per hectare per year or as high 

as $3110, taking in each category the minimum and maximum value respectively. 

iv. Aggregate value studies come up values that lie in this range.  The Amazon study 

has a central value of $1445, the Malaysian study has a value of $409-$480 and the 

Himachel study for India has a value of $640-$1651. 

v. The values in the Manahoran study, which was not available for review seem to be 

consistent with the others when looking at the values of timber and timber and 

NTFP for forests with less than 40% crown density.  The values for forests with 

greater density than 40%, however, have upper bounds of over $7000 per hectare 

per year.  These are way out of line with anything else in the literature.  Since they 

cannot review be reviewed it detail, it is difficult to give them credibility. 

46. The use made of these values in India has important repercussions for the development 

of hydropower in India. The Supreme Court of India has made an initial assessment that a 

revenue earning utility that develops a hydropower project in the country should pay an 

amount equal to the NPV of any forested land that is appropriated for its purpose.  The 

amounts that are being used as guideline values are in the range of Rs. 5.8 – 9.2 lakhs 

($12,500 to $19,800) per hectare
17

, or $830 – $1365 per hectare per year.  This can have 

major implications for the financial resources available for power development, as well as 

the tariff charged.  Estimates indicate that it could increase the costs of hydropower projects 

by as much as 20 percent
18

.  It also increases significantly the funds available to the forest 

authorities. 

 
Table 6: Values of Forest Land in US$ Per Hectare Per Year 

   

Forest Good or Service Values for Non-Indian Studies Range for Indian Studies 

By Type of Service     

Logging     

Conventional Logging 20 – 440 - 

Sustainable Logging 30 – 266   

Fuelwood 40 – 100 45 

NTFPs 90 – 100   

Tourism     

                                                 
17

 Based on an exchange rate of Rs.46.4 per US dollar. 
18

 The problem is partly the ‘up-front’ nature of the payment, which can act as a constraint on the developer.  The losses 

that are being compensated are of course over a period of years and one could argue that the payment should be made 

over the same period.  For example, a 500 MW hydro plant inundating 50Km
2
, valued at $1100/ha/year would have to 

make an upfront payment of $80 million, which may be difficult.  The corresponding annual payment at a 6percent 

interest rate would be $5.5 million, which may be easier to manage, as revenues flow in. 
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General 2 – 470 

19 - 667 Forests Near Towns 770 

Unique Forests 1000 

Watershed Protection 15 - 850 480 

Carbon Stored 28 - 283 29-173 

Biological Services 0 - 59   

Existence values 0 - 12   

Total Value 195 - 3110   

Total Value By Location     

Amazon 1445   

Peat Swamp Forests in Malaysia 409 - 480   

Himachel Pradesh   640 - 1651 

Manahoran     

Single Species < 40% Crown Density   60 - 206 

Multi Species 10 - 40% Crown Density   72 - 271 

Dense Forest > 40% Crown Density   473 - 7177 

Protected Areas   476 - 7565 

Sources: Logging: Kumari, 1996, Pearce and Pearce, 2001). 

NTFPs: (Peters et al, 1989; Harpirya, 2005; Chopra et al. 2001; Shah, 2003; Kulkarni, 2003, Pearce 

and Pearce, 2001). 

Fuelwood: (Houhgton et al, 1996; Chopra et al. 2001, Pearce and Pearce, 2001). 

Tourism and Recreation: (Tobias and Mendelsohn, 1991; Schultz et al. 1998; Garrod and Willis, 

1997; Chopra, 2002; Murty and Menkaus, 1994; Manoharan, 1996; Pearce and Pearce, 2001). 

Watershed Protection: (Kumari, 1996; Kramer et al, 1997; Bann, 1998; Kumar, 2000; Pearce and 

Pearce, 2001). 

Carbon Sequestration: (Haripriya, 1999; Chopra et al, 2001; Santhakumar & Chakraborty, 2003; 

Pearce and Pearce, 2001). 

Biological Services: (Pearce and Moran, 1994). 

Existence Values: (Kramer & Mercer, 1997; Pearce and Pearce, 2001). 

Total values By Location: (Torras, 2000; Kumari, 1995, 1996; Verma, 2000; Manohhoran, 2000).  

 

47. The first point to make about the payments is that, from the survey conducted above, 

they look to be on the high side, at least for some types of forest.  Furthermore, one clear 

implication of the survey is the wide range of forest use and non-use values.  It is not 

possible to adopt a ‘one size fits all’ approach and some degree of site-specific information 

is required to make a determination of the cost. 

48. The latter observation is precisely the conclusion reached by an expert committee set up 

and agreed to by the authorities.  This committee, under the chair of Professor Chopra has 

recommended the establishment of different values according to: (a) the kind of forest 

(Reserved forest, demarcated protected forest, undemarcated protected forest, strips along 

PWD roads and railway lines, unclassed forests and other forests); (b) the density of the 

forest, (c) main species of trees under storey, (d) altitude, slope and aspect of forest and (e) 

soil depths, streams and water bodies.  It goes further and provides sample calculations of 

forests in Himachel Pradesh for each type under this classification, valuing the services 

derived from timber, carbon storage, fuel wood and fodder, non-timber forest products, 

ecotourism and water shed services.  The report comes up with a range of values of $446 – 

$829 per hectare per year.  These values are similar to the earlier study by Verma (2000) for 

the same area, a little lower than the current range being used by the Supreme Court and an 

order of magnitude below the upper limits presented to the Supreme Court by Manoharan. 



20 of 38 

 

 

49. The valuation of forest losses in accordance with the methodology laid above is a useful 

guide to damages but it is not foolproof.  In cases where the resources are especially 

valuable, or example, the values attached to them in money terms may not be a sufficient 

guarantee that they will be protected.  In such circumstances a complete ban on clearance is 

justified.  The Chopra committee took the view that a ban should be applied to protected 

areas and we would agree with that.  The same does not apply, however to conservation 

areas and buffer areas where clearance may be allowed and the NPV methodology applied. 

50. The second point about the NPV payments is that they do not take account of any 

payments hydropower developers make in respect of the same land acquisition.  Hydro 

projects already provide compensatory afforestation, a wildlife conservation program, a 

fisheries management program, catchment area treatment and biodiversity conservation 

measures.  They also hand over any timber extracted from the forested areas before 

inundation.  Many of these are related to the loss of forest resources and to the extent they 

are, the payment of the NPV constitutes a double burden on the hydro developer.  It is only 

the net loss of forests that should be compensated for, not the gross loss of NPV.  The 

Chopra Committee agrees with this conclusion. 

51. The developing authorities make a further point that they are not credited for other more 

general external benefits of hydro development while they are being asked to pay for any 

negative externalities they create.  Examples of such externalities include employment 

creation, improved communications, tourism in the reservoir area etc.   Often these are not 

fully accounted for in the project evaluation. The developers also provide 12 percent of the 

power from the project to the state free of charge. Such benefits, however, should be 

included in the full benefit cost analysis of the project if it is carried out properly.  In that 

sense the benefits are taken into account in deciding whether or not to go ahead with the 

development. The issue is whether a financial payment should also follow any positive 

externalities.  Economic theory does not require any such payment for projects to be selected 

in accordance with welfare optimizing rules. Indeed the same applies to the NPV payment.  

As long as the costs are debited in the benefit cost analysis and the right decision is made, 

the payment is not necessary for an optimal allocation of resources. 

52. What then is the justification for the NPV payment and for any asymmetry between 

external costs and benefits that now exists?  It is really a case of distributing the benefits and 

costs among different stakeholders.  There is a general presumption in favor of the ‘polluter 

pays principle’ (PPP), in which regulators require the polluter or the party causing a negative 

externality to bear the burden of any adjustment in terms of reducing pollution. At the same 

time we should note that this rule is more observed in the breach than in the practice  -- there 

are many cases where the polluter does not pay.  On the other hand there is no presumption 

that someone creating positive externalities should automatically receive a payment for those 

benefits.  It is this difference that justifies an asymmetric treatment of the costs and benefits.  

The Chopra committee takes a strong position in this regard and states “there is no question 

of taking account of the positive contribution to society by the user agency…” (GoI, 2006, 

section 3.2).  We generally support that position with the proviso that the developers are 

entitled to seek payment from any beneficiary where the property rights to the resource are 

with them.  This could apply to irrigation benefits, tourism, use of reservoirs etc. 

53. We should also note that this is an unusual arrangement from an international 

perspective. Most countries would require developers to implement an environment 

management plan when a new project is undertaken, and require the developers to pay for it.   
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This could include compensatory afforestation among other measures.  But a full payment 

for lost services to the state forestry authority is not normal practice.  

54. The hydropower developers also argue that making them pay the NPV of forested land 

on externality grounds while not making fossil fuel power developers pay the for external 

costs they generate tilts the balance in favor of the latter.  There is some merit in this 

argument.  As we noted earlier the PPP is not always observed and while fossil based power 

plants have some requirements to reduce harmful emissions, they do not pay anything like 

an emissions charge to cover the residual damages they cause; damages which, as we have 

noted, can be considerable.
19

  Ideally one should impose some kind of emissions charge on 

the fossil fuel generators to make for a level playing field.  In the absence of such a charge, 

one could argue that the introduction of an NPV payment for hydro should at least be 

staggered or perhaps even reduced. 

55. Lastly, hydro operators complain that payment of NPV to the forest authorities is a waste 

of money because the latter do not spend it wisely, or even that they do not spend most of it 

at all.  As the Chopra Committee notes, no part of collections raised so far from the NPV 

have been distributed either to the states or other stakeholders, while as much as 573,164 

hectares of forest lands have been converted during the period 2001 to 2006
20

. This is a 

serious issue that should certainly be addressed, but it does not imply that a payment along 

the lines of the PPP as set out in the NPV scheme is inappropriate.  Indeed, many of the 

‘new economic instruments for the environment’ involve the polluters making payments, 

which are then earmarked to protect the environment that is degraded.  Finance Ministries 

generally do not approve such earmarked funds, but they are accepted if (a) the funds are not 

extra budgetary and (b) the programs they support can be shown to be cost-effective. 

(Markandya et al., 2004).  In the case of the NPV program neither of these conditions seems 

to be met at the present time
21

. 

56. The Chopra Committee makes a number of other recommendations that are worth 

commenting one: 

i. The valuation of forested lands is not in terms of their best alternative value but in terms 

of the value of services lost.  In this we believe they take the right approach to valuation. 

ii. The costs of the forest department in managing forests should be deducted from the 

benefits to arrive at the net costs.  We agree with this statement. 

iii. Rules for the sharing of the NPV are proposed: local governments should get the full 

value of lost fuelwood and fodder services, 50% of biodiversity services and 45% of 

biodiversity services; the state should get 100% of eco-tourism services and timber 

values, 50% of watershed services and 45% of biodiversity services; and the national 

government should get the rest (10% of biodiversity services and 100% of carbon 

values).  These rules are of course somewhat arbitrary but if arrived at through 

agreement between the parties, they ought to be reasonable and workable. 

iv. The Committee wishes to charge both the NPV as well as a ground rent for the forested 

land to the developer.  The latter is to be based on prevailing rents in the region subject 

to a minimum of RS 10,000 per hectare ($215/hectare).  In our opinion, once the forest 

                                                 
19

 This issue was not discussed in the Chopra committee report. 
20

 The problems of efficient public expenditure management in the forest sector of India have been discussed recently 

by Gupta (2007), who makes some proposal on how to improve the use of financial resources available to this sector. 
21

 Similar problems of inadequate or inefficient use of funds raised in an environmental context have arisen in projects 

where the payments have been made for forestry and biodiversity services.  See Pagiola et al. (2002) 
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department is fully compensated for all lost value, it seems inappropriate to then also ask 

for a rental payment as well. 

v. Certain exemptions to the payment of NPV are proposed.  These include cases where (a) 

the additional cost of the NPV would increase total capital cost by more than 50%, (b) 

projects involving public works, schools, hospitals etc, (c) major multi purpose irrigation 

projects, where a 30% exemption is granted, (d) water supply projects etc.  The rationale 

seems to be to exempt suppliers of services that are environmentally and socially 

beneficial and to reduce the burden on those whose activities will not generate any 

financial return or a low financial return.  While there is merit in the exemptions, they do 

suggest that the NPV payment is partly a way of dipping into the deep pockets to finance 

some of the ecological services of the country and perhaps less a way of protecting 

forest resources. 

57. To conclude on the introduction of NPV, the basic argument is one of making a polluter 

pay for the creation of an externality.  Such a justification is valid, but the scheme should 

recognize the realities of the application of the PPP in the power sector and not treat 

hydropower unfairly compared to other generators of externalities.  The amounts involved in 

NPV payments could be significant in nominal terms and could increase costs of some 

hydro projects by as much as 20 percent
22

.   In spite such an increase in costs in extreme 

cases, however, most hydro projects would remain competitive. 

58. One should also be aware of ongoing payments that are being made by hydro 

developers, including afforestation, environmental remediation etc. and supply of free power 

to the state.  If NPV is to be paid it should be based on actual loss of services, and this will 

vary substantially from one site to another.  There is also a case for reviewing the provision 

of free power and whether the value of that should be treated as a credit against which the 

NPV is assessed.  The Chopra Commission did not address this point. 

59. As to the amount to be paid, a classification based on forest type and on detailed 

calculations of loss of services has been proposed by the Chopra Committee.  This can form 

a sound basis for actual payments.  Values derived in sample calculations seem reasonable 

and lower than some of the earlier figures proposed in India for this purpose.   

 

 

6. HYDRO POWER DEVELOPMENT AND RESETTLEMENT  

60. One of the most contentious issues with respect to the development of hydropower is the 

treatment of individuals who have to move as a result of the project. The general principle 

behind a resettlement program is to that the level of compensation resources provided (not 

just in cash) are sufficient to at least restore the previous level of income and well-being of 

project-affected people.  The World Bank, Asian Development Bank (ADB) and others, 

have developed guidelines (and indeed requirements for projects financed by them) for the 

resettlement and compensation of people that are ‘involuntarily displaced’.  Box 1 and 2 

highlight the relevant directives for the World Band and the ADB respectively. 

61. Three basic points emerge from the WB and ADB requirements in terms of 

compensating and resettling displaced people: 

i. Displaced people must be compensated for lost assets, livelihoods and income; 

                                                 
22

 Estimate provided to the consultants by in meetings with NHPC and TERI. 
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ii. They must be relocated to areas that provide at minimum the same level of advantage as 

their previous site.  There is, however, no absolute requirement that lost land must be 

compensated by equivalent amount of land; 

iii. They must be provided with assistance for the loss of income sources.  These include 

land preparation, credit facilities, training, or job opportunities. 

62. The government of India respects these principles and has regulations that on paper are 

similar.  Central government rules mandate adequate compensation for any lost assets, plus 

further compensation to cover resettlement and assistance in creating an alternative 

sustainable source of livelihood.  The government does not promise a ‘land of land’ deal, 

although in many cases where land is available it is provided for resettlement.  For example 

in the Sardar Sarovar multipurpose project, in addition to financial compensation for lost 

land, a minimum of 5 acres of land was also given.  Furthermore not only the head of 

household, but every other adult male was given this amount of additional land.  Where land 

is not available, the government provided compensation for lost assets plus 2 years of the 

minimum wage, a site to build a home and assistance with retraining. 

63. The following aspects of resettlement and compensation provide a simple framework 

through which actual experience in countries in the region can be evaluated.  

 Compensation for lost assets: land, household and commercial property, public and 

community facilities; 

 Resettlement expenses: housing, land and common resources.  Note that in many cases 

resettlement and compensation costs are intertwined, and are therefore difficult to 

provide separate budget figures for; 

 Restoration of incomes: a description of strategies that restore the incomes of resettlers; 

 Implementation: a brief assessment of the level and effectiveness of compensation 

offered, and the timeliness of the resettlement program. 

64. As part of this study a survey was made of 11 hydropower projects carried out with WB 

and ADB support in China, India, Indonesia and Laos using the four criteria described. A 

summary of the findings is given in Table 6
23

.  The following were the main findings:  

 Compensation usually takes the form of a one-off payment, either in cash or kind to 

negatively affected people.  In almost all cases there is also an element of double 

compensation – households are compensated for lost assets and are also provided 

alternative housing and some other assets to sustain they livelihoods.  It is notable that 

land for land was not always applied as a policy for compensation; 

 Compensation tends to be awarded only to people with undisputed legal title, which can 

be a source of hardship. Tenants, sharecroppers, wage-laborers, artisans and encroachers 

are rarely considered eligible for compensation, although there are some exceptions e.g. 

wage-laborers in the Tehri dam rehabilitation program were entitled to resettlement land; 

 On average, the actual resettlement costs incurred were 11-15 percent of the total budget.  

Furthermore the actual amounts were 11 percent more than original budget estimates 

(WCD, 2000b); 

                                                 
23

 Details of the dams surveyed are available from the author. 
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 In a number of cases land allocations were considered inadequate when taking into 

consideration the needs of the resettlers.  At the same time there have been cases where 

non-land based income generation activities have been successful (e.g. Pak Mun dam 

project in Thailand); 

 Income generation plans should take account of the lag effect of new production plans 

for medium term crops.  Conducting surveys of resettlement land at the planning stage 

can help to time investment in medium term farm based projects (e.g. the Sirindhorn 

case study in Thailand as an example of the impacts of when this did not occur at the 

planning stage) 

 A baseline survey of affected parties measuring their wellbeing and a follow up survey 

to evaluate their status during resettlement and after is an essential complement to the 

implementation of a resettlement plan.  For it is in the implementation of the plan that 

most difficulties arise.  Delays in making the compensation payments are frequent as is 

the provision of alternative assets for housing and employment generation.  In a number 

of cases the activities of relocation and resettlement were not synchronized.  In virtually 

all cases follow up surveys found some issues that were not adequately considered and 

some individuals who were more adversely affected than had been predicted.  These 

effects can be minimized by: ensuring capability in the institutions responsible for the 

plan (with external support where needed); carrying out adequate consultations with 

affected parties at the appropriate stages; and by monitoring progress regularly and in a 

timely manner. 

 

 Box 1: World Bank Operational Directive 4.12 on Involuntary Resettlement  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Paragraph 3 

This policy covers direct economic and social impacts that both result from Bank-assisted 

investment projects, and are caused by  

 

(a) the involuntary taking of land resulting in  

(i) relocation or loss of shelter; 

(ii) lost of assets or access to assets; or  

(iii) loss of income sources or means of livelihood, whether or not the affected persons 

must move to another location; or 

 

Paragraph 6 

To address the impacts covered under paragraph. 3 (a) of this policy, the borrower prepares a 

resettlement plan or a resettlement policy framework that covers the following:  

 

(a) The resettlement plan or resettlement policy framework includes measures to ensure that the 

displaced persons are: 

(iii) provided prompt and effective compensation at full replacement cost for losses of 

assets attributable directly to the project. 

(iv) provided with development assistance in addition to compensation measures 

described in paragraph 6(a) (iii), such as land preparation, credit facilities, training, or job 

opportunities. 

 

(b) If the impacts include physical relocation, the resettlement plan or resettlement policy 

framework includes measures to ensure that the displaced persons are: 

(i) provided assistance (such as moving allowances) during relocation; and  

(ii) provided with residential housing, or housing sites, or, as required, agricultural sites for which a 

combination of productive potential, locational advantages, and other factors is at least equivalent 

to the advantages of the old site.
 
 

 

Source: WB OD 4.12 Jan 2001 
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Box 2: ADB’s Policy on Involuntary Resettlement 

 

 

 

 

 

65. In India the problems of resettlement derive largely from the implementation of the 

projects.  This is evident from the surveys of past dam projects as well as from discussions 

with government officials engaged in hydropower development.  Surveys show that affected 

groups are frequently dissatisfied with the resettlement program (in contrast similar surveys 

in Thailand are more favorable with respect to how individuals feel about it).  Income 

restoration schemes have often not delivered what was expected of them and there is a 

general sense of inadequacy with many of the past efforts in this area.   

 

 “Individuals or a community should be 

(i) compensated for lost assets and loss of livelihood and income 

(ii) assisted for relocation including provision of relocation sites with appropriate facilities 

and services, and 

(iii) assisted so that their economic and social future will generally be at least as favorable 

with the project as without it… compensation, comparable to the without-project 

situation, should be provided…” 

 

Source: ADB 1997 Operations Manual Section 50/BP, Paragraph 2, item iii 
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Table 6: Summary of Case Studies on Resettlement 

Dam Country 

No. 

Resettled 

people 

(Dates) 

Type of 

compensation  
Package 

Amount 

(Actual or 

Budget) 

Amount 

(per 

capita) 

Implementation 

Lingjintan CHINA 
4,060 (1992 

to 1999) 

Compensation and 

relocation expenses 

 House 

compensation 

 Productive assets 

compensation 

 Cost of moving 

 Infrastructure 

Budget 

$41.4m 
$10,197 

 By Nov 1998 70% had been effectively 

resettled 

 Houses of better quality and with adequate 

infrastructure 

Restoration of 

Income 

Resettlement and 

Rehabilitation Plan 

Not 

available 

Not 

available 
 Income levels had increased, although not for 

all due to lag effects of medium-term crops 

Shuikou CHINA 

84,400 

(1988 to 

1992) 

Compensation for 

lost assets and 

relocation 

Compensation for lost 

land, buildings, trees, 

enterprises, small 

infrastructure and 

moving allowances, 

and social and physical 

infrastructure 

Budget 

$240.5m 
$2,843 

 Relocation and rehabilitation were not 

adequately synchronised 

 Relocation fell behind schedule 

 Houses were larger and of better quality after 

relocation (although more down to individual 

efforts) 

 Better community facilities Rural Resettlement 

Costs of rural 

resettlement excluding 

Nanping urban 

redevelopment 

Actual 

$211.1m 
$3,150 

Restoration of 

income 

Two phases: 

 Land-based 

economic 

rehabilitation 

 Nontraditional and 

nonfarm income 

generating 

activities 

Not 

available 

Not 

available 
 By 1996 38,473 resettles had jobs 

 Income levels had increase by 11.3% 

Tehri INDIA 100,000 
Compensation and 

Relocation expenses 

Rehabilitation Package, 

includes: 

Land allotment, 

compensation for land 

and house structures, 

compensation for treed, 

cash and incentive 

grants 

Not 

available 

Not 

available 

Issues raised (mainly by the media) regarding: 

 Ability of resettlers to participate in the 

process; 

 Not enough people have actually been 

relocated; 

 The adequate provision of resettlement land 

has been challenged; 

 In terms of income restoration, most reports 

point to a bleak future for project affected 
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people. 

Narayanpur 

and Almatti 
INDIA 

5,100 and 

240,000 

Compensation and 

Relocation expenses 

& Restoration of 

Income 

 

Actual 

$116.1m 

 

11% of 

total project 

cost 

$474 

 Compensation seen to be inadequate – did not 

even match up to market rates (initially) 

 Timing of resettlement was poor 

 Subsequent payments and income generating 

schemes have contributed to more recent 

success in resettlement 

Kedung 

Ombo 
INDONESIA 24,000 

Compensation and 

Relocation expenses 

Compensation for lost 

housing and land 

Actual 

US$43m 

 

15% of 

total project 

cost 

$1,792 

 Compensation rates have been accepted 

 Some difficulties with deriving income from 

farming due to inadequate soil quality in 

some areas 

 Others more successful in growing oil palm 

Theun-

Hinboun 
LAOS 

25,000 in 

project area 

(although 

these are 

mostly 

shifting 

tribes) 

Compensation for 

lost properties and 

crops 

Compensation for lost 

properties and crops, as 

well as compensation 

for community 

properties 

Actual 

US$47,000 

Not 

applicable 

 People in the project area were mostly 

shifting cultivators, therefore they were not 

classified as people requiring relocation as a 

result of the project 

Pak Mun THAILAND 

240 families 

(although 

this number 

had changed 

significantly 

over the life 

of the 

project) 

Compensation and 

Relocation expenses 

Compensation for lost 

land 

Resettlement expenses 

for provision of house 

plot 

Actual 

US$19.7m 

 

Under 10% 

of total 

project 

costs 

$11,600 per 

family 

 Resettlement process went smoothly 

 Resettlers received better houses, social and 

physical infrastructure 

Restoration of 

Income 

Mainly non-land based 

strategy 

Not 

available 

Not 

available 

 Income levels had not changed significantly 

(in any case it was argued that there was no 

real need for an income strategy) 

Sirindhorn THAILAND 
1,365 

families 

Compensation and 

resettlement 

programme 

Compensation for lost 

assets and provision of 

house and farm-plots, 

infrastructure and 

technical assistance 

Actual 

$2.7m 

$1,978 per 

family 

 At planning stage did not take into account 

the quality of soil – this would undermine 

income generating activities 

 Income after resettlement lower than 

provincial capital 

 Housing and infrastructure had improved 

 

 

Khao Laem THAILAND 
1,860 

families 

Compensation and 

resettlement 

programme 

Compensation for lost 

assets and provision of 

house and farm-plots, 

infrastructure and 

Actual 

$32.9m 

Deceivingly 

high due to 

non-

registered 

 Household conditions generally improved 

 Income levels had generally increased 

 Some problems with land and compensation 

entitlement, due to many non-registered 
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technical assistance claimants 

 

$5,896 per 

family 

claims 

Bang Lang THAILAND 
1,100 

families 

Compensation and 

resettlement 

Compensation for lost 

assets and provision of 

house and farm-plots, 

infrastructure and 

technical assistance, 

plus provision for non-

productive periods 

Actual 

$11.7m 

$10,636 per 

family 

 Incomes increased mainly due to successful 

rubber tree plantations 

 Quality of housing and infrastructure had 

improved 

 Some difficulty in obtaining sufficient amount 

of land 

Rajjaprabha THAILAND 385 families 
Compensation and 

resettlement 

Compensation for lost 

assets and provision of 

house and farm-plots, 

infrastructure and 

technical assistance  

Actual 

$13.3m 

$34,545 

per family 

 Resettlement slightly complicated due to 

resettlement land falling in two different  

districts 
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7. CONCLUSIONS. 

66. This paper has reviewed estimates of external costs of power internationally and in 

India.  It has also discussed the use of external cost estimates in power system regulation 

inside and outside India and reviewed the current arrangements for financial compensation 

in the case of hydropower power development in India.  External cost estimates for power 

generated from fossil fuel sources are now available for most developed countries and a 

number of developing ones as well.  The state of knowledge in this area has improved 

significantly in the last decade or so.  One important finding from recent international work 

is the relatively high external costs of fossil fuels, particularly coal, through its health 

impacts.  Another is the result that external costs in US¢/kWh in developing countries are 

not much lower than in developed countries, and can be even higher.  This is partly the 

result of less efficient technologies and the greater populations affected by air emissions in 

the former. 

67. India does not have a comprehensive set of such external cost estimates but what recent 

information is available is consistent with the above: external costs can be high, in some 

cases greater than the direct costs of power generation although probably not greater than 

the full direct life cycle costs.  Moreover the external costs may not be dissimilar to those in 

developed countries.  Given the importance of these numbers it is recommended that the 

Government of India undertake a study to determine more precisely the external costs of 

fossil fuel based power generation. 

68. While comparisons between the external costs of fossil fuel based generation in India 

and elsewhere are valid and instructive, the same does not hold for hydropower.  In 

developed countries estimated values of such costs tend to be very low; partly because there 

are significant restrictions on any development that has negative environmental 

consequences and partly because some of the ecological costs have not bee valued in 

monetary terms. 

69. External cost estimates can be useful in power system regulation at various levels: in 

plant siting decisions, in determining specific standards and in undertaking strategic 

planning for the sector.   At the plant level the use of such cost data is limited: it can provide 

some support to a risk assessment exercise but is not a major component of the decision-

making process, which focuses on the EIA.  At the regulatory level, however, external costs 

estimates feature significantly; in evaluating technological standards, emissions standards 

etc. for plants, in setting ambient air quality standards and in designing market based 

instruments.  In developed countries the application of external costs in this context has 

increased sharply over recent years where it is generally considered to have been useful in 

the regulatory process.  The same could be done in India and this report makes a 

recommendation to that effect.  Finally the same external costs have also proved useful at 

the strategic level in the EU and elsewhere.  There is no reason why such use should not 

increase also in India.  In this context, even rough estimates of costs can provide valuable 

guidance, as we saw in the study done by ESMAP for power sector planning in Karnataka. 

70. At the same time as improving the information base in terms of external costs, the 

government should also make better estimates of the techno-economic feasibility of 

compliance with new regulations.  The lack of  good sense of what power generators can 

actually implement, and in what time frame has been a major reason why regulations have 

not been successful in their implementation. 
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71. Once data have been collected on external costs and compliance feasibility, the 

authorities should draw up appropriate plans for implementing a regulatory framework.  The 

timing of the introduction of new measures will need to take account, among other factors, 

of the current shortage of power in India.  It would not be desirable, for example, to close a 

polluting power station of it implies increases in even more polluting auto-generation. 

72. For hydropower projects one of the important environmental costs in India relates to loss 

of forest resources
24

 and the Supreme Court has mandated the payment by any hydro 

developer of an amount equal to the NPV of forest resources lost resulting from its 

development.  The argument here is not just one of externality, it is also one that the 

‘polluter should pay’ (PPP), which is a distributive principle and not one of efficiency.  

Applying this principle to hydro development has some validity but the counter argument 

that the principle is not applied to other power, notably fossil fuel based sources is also 

valid.    In this respect the government may want to reconsider the level of payment made by 

the hydropower sector to the forestry authorities.  It may also want to look at some way of 

introducing PPP to other power sector sources.   

73. Second, the NPV calculation needs to be recalculated to take account of the fact that 

ongoing payments are being made by hydro developers to compensate for loss of forest 

resources.  These include afforestation, environmental remediation etc. 

74. Third, if NPV is to be paid it should be based on actual loss of services, which vary 

substantially from one site to another.  A classification based on forest type and on detailed 

calculations of loss of services has been proposed by the Chopra Committee.  This can form 

a sound basis for actual payments.  Values derived in sample calculations seem reasonable 

and below some of the earlier figures that have been proposed in India for this purpose.  It 

would be useful, however to see what these payments imply in terms of the relative financial 

costs of different sources of electricity in India.  Indeed a full assessment of both the full 

economic costs (i.e. including direct resource costs externalities) and full financial costs by 

fuel type for a range of representative plants would serve a useful purpose for Indian policy 

making in the power sector.
25

 

75. Fourth the NPV methodology, while useful, cannot be applied in all circumstances.  In 

particular it is not robust enough to guarantee the protection of national forest resources are 

of outstanding importance when the latter should in fact be preserved.  For this reason a 

complete ban on felling of protected forests should apply in India.  The same does not hold, 

however, for conservation areas or other areas with a lower level of ecological importance. 

76. Lastly, hydro projects also provide external benefits.  While it is not appropriate to 

introduce compensatory payment for these externalities in a manner analogous to the NPV 

payments for external costs, developers are justified in seeking to capture positive 

externalities wherever possible – e.g. where there provide irrigation benefits, recreational 

benefits etc.  In some respects, the issues arising from the sharing of such benefits are more 

serious for hydro developers than the environmental and NPV questions.   There are many 

examples (most recently in Karnataka in the case of the Almati project) where hydro 

                                                 
24

 The costs of forest loss may dominate the externality cost estimates because other costs, such as those arising 

downstream are not always taken into account in the assessment of hydropower impacts. 
25

 Some indicative figures have been calculated for the Rampur project where hydro and gas have been compared.  In 

that case the hydro costs could more than double but the investment decision in favor of hydro would not change.  This 

is with gas priced as LNG import parity.  This project is therefore not a marginal one and it would be interesting to see 

how may projects do indeed fall into the marginal category. 
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projects were scaled down, delayed, and even cancelled, because of interstate water 

disputes.  Even though the downstream regulation provided by power storage at Almatti was 

of demonstrable benefit to the downstream state (Andhra Pradesh), the Krishna River 

Dispute politicized the projects to such an extent that the dam is only allowed to operate at a 

fraction of its storage (resulting in cancellation of 1000MW in a planned downstream 

cascade of RoR plants) 

77. Hydropower projects are also controversial because of the resettlement and rehabilitation 

issue.  This is a particularly sensitive issue in India, where developers and governments have 

been subject to large protests at a number of sites.  Looking at the principles on which 

compensation for loss of assets is based and the government of India’s regulations for 

resettlement and rehabilitation we do not find major discrepancies with those demanded by 

international bodies or those used in other countries in the region.  The differences arise in 

the implementation of the programs. Surveys show that affected groups are frequently 

dissatisfied with the resettlement program (in contrast, similar surveys in Thailand are more 

favorable).  Income restoration schemes have often not delivered what was expected of them 

and there is a general sense of inadequacy with many of the past efforts in this area.  Delays 

in making the compensation payments are frequent as is the provision of alternative assets 

for housing and employment generation.  In a number of cases the activities of relocation 

and resettlement have not been synchronized. 

78. These problems are urgent and need to be addressed. Some of measures that the 

government needs to take are: (a) ensure capability in the institutions responsible for the 

plan (with external support where needed), (b) carry out adequate consultations with 

affected parties at the appropriate stages and allow for the time lags in getting income 

restoration activities functioning (c) undertake baseline and follow up surveys to monitoring 

progress regularly and in a timely manner and react to findings which show that objectives 

are not being realized. 
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Annex I: Terms of Reference for the Study 

Power System Planning in India:  Incorporating Environmental Externality Costs and 

Benefits 

1. BACKGROUND 

India plans to add 100,000 MW of new generating capacity within the period 2002-2012.  Within 

the Ministry of Power planning framework, about one-third of this total would be hydro, about half 

thermal (most of which will be coal-fired), and the balance nuclear and non-hydro renewable.  The 

majority of capacity additions are slated to come from central sector, majority state-owned firms 

such as NTPC and NHPC.  The balance is expected from state-level generators, and from the 

private sector.  In practice, NTPC (the central sector thermal generator) has come closest to meeting 

its planned capacity addition target, and most of this capacity has been coal-fired. 

Technical and costing work is performed by the Central Electricity Authority.  Based in part on this 

work, the Ministry of Power formulates generation expansion plans that feed into the five-year 

economic planning cycles used by the Government of India.  Currently India is more than half-way 

through the Tenth Plan (2002-2007) and on track to add about 75% of the planned 41,000 MW 

envisioned.  This performance will likely leave India considerably short of the 100,000 MW target 

for 2012. 

A framework for capturing environmental externalities within the power system planning 

framework is only now emerging, and it is substantially incomplete.  Historically, India developed 

specific approaches to deal with specific problems.  The high ash content of Indian coal, for 

example, has led to regulations requiring coal-fired plants to capture and dispose of all of their ash 

output (typically, this is given away for free to companies that pick it up at power plants and then 

used it in brick or road construction).  Companies wishing to use forested land had to pay the 

Ministry of Forests and Environment for aforestation of 2 hectares for every hectare of forest land 

lost.  Resettlement & Rehabilitation (R&R) components associated with, inter alia, hydro and 

transmission projects, are mandatory items (though no less easy to implement).  There is however 

no comprehensive treatment for environmental externalities accounting for the wide range of 

impacts – health, livelihoods, local and global habitats, etc. – that are associated with major 

electricity sector projects. 

The issue of accounting for environmental externalities and incorporating those costs in the power 

planning process has now come to the fore in India, with a Supreme Court ruling (September 26, 

2005) on a matter involving forest conservation.  The Court was asked “whether before diversion of 

forest land for non-forest purposes and consequential loss of benefits accruing from the forests 

should [the user Agency] be required to compensate for the diversion.  If so, should not the user 

Agency be required to make payment of Net Present Value (NPV) n of such diverted land so as to 

utilize the amounts so received for getting back in the long run the benefits that are lost by such a 

diversion?  What guidelines should be used for determination of NPV?  Should guidelines apply 

uniformly to all?  How to calculate NPV?  Should some projects be exempted from payment of 

NPV?” 

In its ruling the Court recognized the serious costs associated with environmental degradation, and 

further held that “the impact cannot be limited to the place of origin . . . the damage to the 

environment is a damage to the country’s asset as a whole.”  The Court concluded that a) except for 

projects like clinics and schools, all other projects must pay NPV, pending further review; b) the 

payments are intended to fund environmental protection including regeneration of forest, and 
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maintenance of ecological balance and eco-systems; and c) NPV has to be worked on economic 

principles.  Accordingly, the Court ordered that a committee of three experts be appointed to 

develop a basis for calculating NPV, taking into account the various types of benefits that forests 

might provide, and the significant differences in the type of lands that have historically been lumped 

together as protected forest land in India.  The commission, headed by Kanchan Chopra, is also 

asked to say whether any additional types of projects should be exempted from paying NPV.  The 

commission has started its work and has held public hearings to solicit input. 

The results of the Chopra Commission will influence the cost structure for generation and 

transmission projects going forward.  The impact is likely to particularly severe for reservoir hydro 

projects, which are very likely to be sited in protected areas and which could cause a large loss of 

forested land due to inundation.  Certain transmission projects, particularly those that would link 

hydro projects with market areas, could also see their cost structures change depending on the 

methodology for calculating the NPV of forests. 

The exercise of developing a methodology for and calculating the NPV of forests has generated an 

additional series of questions of interest to power planners and others in India.  If, for example, one 

should calculate the loss of forest benefits, should not one also count the externality benefits of 

hydro projects as well (e.g. flood control, storage for irrigation)?  What about the benefits to local 

populations of better roads and services that might be associated with building dams in previously 

remote places?  And if externalities are incorporated with the hydro development process, what 

about thermal power projects, and transmission lines?  And, even if one is able to value externality 

costs and benefits, should all of these be internalized in the projects costs?  If not, how should they 

be treated?  And are there opportunities to create efficient markets for any of the individual 

components, as has been done in Europe for CO2 (note: there is already discussion of creating a 

carbon market in India)? 

2. SCOPE OF WORK 

With this background in mind, the World Bank now wishes to commission two interrelated papers. 

The first paper will examine international best theory and practice for identifying and measuring 

energy cycle externality costs and benefits.  The paper will analyze current practice in India, 

including the issues covered by the Chopra Commission.  Cost/benefit identification and 

methodology should be discussed for the following technology components: 

 Major hydroelectricity facilities (both run-of-river, and reservoir) 

 Coal-fired power plants 

 Natural gas-fired power plants 

 Electricity transmission lines 

 Natural gas transmission lines 

The paper will not specifically focus at this time on issues raised by nuclear and non-hydro 

renewables.  It will be of critical importance that this paper assess cost-benefit valuation issues in 

the context of Indian political, economic, and financial conditions, and incorporate this context 

within the valuation methodology developed (in other words, the paper should recognize that 

preservation and other values that have been developed in far richer countries cannot simply be 

adopted by India without considerable analysis).  The paper should cover the range of health, 

livelihood, local habitat and global habitat impacts that arise in the course of developing these kinds 

of projects.  It should give equal weight to positive and negative impacts, i.e. it should not focus 

only on costs but should recognize and provide valuation guidance for benefits as well.  The paper 
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should also identify additional analytic work that would be needed for full application of a valuation 

methodology (this could include survey work, adapting existing models to serve India’s needs, etc.). 

The second paper will focus specifically on India’s power generation planning process and how it 

should adapt in light of increased attention to externality costs and benefits.  The key question to be 

considered is whether and how to incorporate identified cost and benefit streams within individual 

energy projects; which costs and benefits to recognize outside the project structure (and if so, who 

absorbs the costs or gains the benefits); and which costs and benefits to leave aside until some 

future date.  The paper should examine the institutional framework within which planning now 

occurs and identify ways in which this framework should be adapted (this assessment to include 

advice on potential for creating markets for specific externalities). 

The second paper should take as a point of departure the main findings, conclusions, and 

recommendations of the first paper.  As such, the papers are intended to be sequential and 

complementary; however, it is hoped that through interaction and joint participation on the field trip 

to India, there will be enough collaboration and consultation between the authors to enable work to 

be done to some degree in parallel. 

It should also be recognized that some specific areas of inquiry will be of current interest to the 

Chopra Commission, and the consultants are encouraged to meet with the experts on this committee 

to the extent possible, and to be responsive to input, or requests, from them.  To the extent that such 

interaction might necessitate changes to this TOR, this should be discussed with the Bank’s task 

leader. 

3. LEVEL-OF-EFFORT, FEES, AND EXPENSES 

To be discussed 

4. STAFF 

Paper #1 Anil Markandya 

Paper #2 Stephen Powell 

5. DELIVERABLES 

Draft and Final Papers on 1. Electricity and gas environmental externality costs and benefits; 2. 

Incorporating externality costs and benefits within India’s power planning and development 

process. 

Presentation of papers at seminar in India (to be scheduled) 

Each author should review and comment on the output of the other author. 

 

 


