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2.1 � Framework

As discussed, life-cycle cost approach (LCCA) has evolved from a project 
appraisal tool to a more comprehensive method of incorporating sustainable devel-
opment aspects in various sectors. LCCA could be conceived in the broader sus-
tainable development framework. The framework consists of three interconnected 
sustainability dimensions, such as economic, environmental and social. Economic 
sustainability concept draws from the public finance framework using financial 
and economic assessment of investments. Environmental sustainability is based 
on externalities framework (again from ‘public good’ and public finance). Social 
sustainability draws from public policy framework where service delivery, govern-
ance and social equity are critical. Achieving sustainability on these three counts 
is a challenge. The nexus approach of water, energy and food security (Hoff 2011) 
comes close to addressing this challenge. The nexus approach provides a broader 
framework within which granularity exists. Here, granularity is referred to in 
the linkages within the sector and sub-sectors, for instance, within water sector, 
the linkages between surface and groundwater resources, between irrigation and 
drinking water. Similarly, within drinking water, the linkages between water, sani-
tation, wastewater, reuse of wastewater, etc., are very much interlinked organi-
cally. The granularity is well captured in the three overarching questions raised 
by Kurian and Ardakanian (2013), (i) intersectionality (critical mass of factors at 
the intersection of material fluxes); (ii) interactionality (interactions with exoge-
nous factors, viz., policy, economy, environment, etc.; and (iii) hybridity (building 
transdisciplinary approaches).

Life-cycle thinking is the conceptual idea behind LCCA that reflects the 
comprehensiveness of the approach in a systems perspective. LCCA takes the 
whole chain and spread of activities that take into consideration the nexus and 
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the embedded granularity. It takes all the phases of the life cycle of a product or 
service that are required during pre-production, production and post-production 
into consideration. These include even the externalities of the production process 
(Fig.  2.1). It is also argued that the applicability of LCCA in development pro-
jects is limited in scope in the context of developing countries, as the all-pervasive 
social and political drivers are not adequately considered in the present LCCA 
tools (McConville 2006). LCCA is also data intensive, often making it difficult to 
use for development work. A life-cycle evaluation of development projects must 
incorporate diverse factors in a practical manner with a judicious mix of quanti-
tative and qualitative aspects. Further, lack of formal guidelines and reliable past 
data and difficulty in estimating future costs appear to be the main reasons for the 
tardy adoption of LCCA. The tool, therefore, must be consistent with success-
ful development practices and simplified for use as a common tool. This could 
be achieved through a combination of methods and tools for understanding the 
dynamics.

Though LCCA has potential to deal with various externalities associated with 
the process, it is not possible to include and assess all the externalities associated 
with the process of production of any goods and services. While it is easy to scope 
(consequential) the externalities, it is not easy to assess the impact of these exter-
nalities (attributional). It is therefore necessary to define the system boundaries 
in order to reduce the complexity of assessing the impacts of all the externalities 
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associated with the process. The choice of system boundaries depends on the 
nature and type of the product or service in question, which would have important 
implications on the results (Lundin  2002) and needs to be carefully considered. 
The life-cycle (or functional) boundaries define the processes to be included in the 
system, i.e. where upstream and downstream cut-offs are set. Functional bounda-
ries limit the various aspects that are to be included for the assessment. These are 
mainly related to the environmental externalities. There are three major types of 
system boundaries: between the technical system and the environment, between 
significant and insignificant processes, and between the technological system 
under study and other technological systems (Guinée et al.  2002, as quoted in 
Finnveden et al. 2009).

Here, we present a generic LCCA framework that shows the possible phases 
of processes of product or service. These phases could be considered as system 
boundaries in a simplified version. At each phase, system boundaries can be a 
set of complex interlinkages. In this generic framework, we look at four phases 
and the system boundaries (Fig.  2.1). Pre-production phase (level  1) boundaries 
are defined to ensure resource sustainability and make judicious design and plan-
ning for sustainability. The assessment at this level helps in understanding poten-
tial environmental issues associated with basic source (raw material extraction). 
The designing and planning for the production phase is also included and needs to 
incorporate these costs in conjunction with the policies.

The second phase pertains to production where the emphasis is on infrastruc-
ture, technologies and is usually linked to the management agency/institution/
organisation. This provides a more complete view of the system in terms of tech-
nologies, design efficiencies, planning (viz. linking products and by-products) 
and packaging. Often the agencies, though aware, are constrained by financial 
and legislative obligations and tend to override options that allow for a move 
towards environmental sustainability in the production phase. They either may 
adopt partially or may not adopt at all. Such a perspective may limit the potential 
of the agency to identify major environmental impacts or improvements through 
the life cycle.

The third phase deals with the post-production issues that are often dealt at 
the community/institutional/household level. These pertain to use/consumption 
(domestic, agriculture, industry, etc.), and use practices, including waste genera-
tion, reuse, recycling, treatment and disposal. This can happen at the production 
phase as well. And ultimately the retirement of the uneconomic infrastructure. 
Often, this set gets marginal attention, if not ignored, at the project planning 
level. This set reflects and determines the adoptability to the system in terms of 
capacities (technologies), affordability (finance), awareness (quality, health, etc.), 
attitudes (cultural), etc.

The fourth phase represents the externalities of or to the system that is 
closely linked and surrounding the main system. The sustainability dimen-
sion of LCCA lies in capturing and assessing these externalities. Surrounding 
systems interact and are critical for the functioning of the core system. Water, 

2.1  Framework
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energy and land are critical to any production system. While they are often fac-
tors of production and included in the costs, these systems also are affected in 
the production process. Such costs or benefits need to be taken into account. 
Agriculture production or farming systems (including forestry, livestock, etc.) 
determine not only demand for the products or services (fertiliser, pesticides, 
water, etc.) but are also affected in the process (land degradation, chemical use, 
etc.). These processes would affect the microenvironment in the case of waste 
or effluent discharge and affect livelihoods positively as well as negatively. 
Other important factors like climate and policy changes add the risk and uncer-
tainty dimension to the whole process. These need to be taken into account 
while assessing costs.

This framework can be articulated in the context of water and sanitation that 
are mostly dependent on scarce groundwater resources in developing countries. 
Groundwater is exploited for the purpose of supplying drinking water in rural 
and urban areas. These resources are neither protected from overexploitation 
nor supported through replenishing mechanisms (like percolation tanks, etc.). 
There are competing demands for water from agriculture, industry and other 
livelihoods. In most cases, there are no policies to address these issues. This 
is part of the pre-production phase, where one has to include the costs of not 
only identifying and locating the resource but also include costs of planning 
and design for their sustainable use in the end. During the production phase, 
different technologies are used to exploit, treat and distribute the water. Here, 
identifying appropriate technologies that provide optimum benefits is necessary 
for financial sustainability of the system. Besides, managing the infrastructure 
is critical for maintaining the life of the infrastructure and sustaining the ser-
vices. Energy sector plays a critical role at this phase. During the post-produc-
tion phase, distribution and use are critical for social sustainability in terms of 
attaining equity in the distribution of service. Here, the institutional and gov-
ernance aspects play an important role in ensuring social sustainability. Reuse, 
recycling, treatment and disposal are important for environmental sustainabil-
ity. Wastewater generated from water, sanitation and hygiene (WASH) services 
in the urban areas is used for irrigating crops in the peri-urban areas. While 
the use of wastewater provides livelihoods and economic benefits to communi-
ties, it also results in negative impacts like water quality deterioration, health 
impacts, human as well as livestock, etc. (Reddy and Kurian 2010). Apart from 
these externalities, the linkages between groundwater and energy also result in 
externalities such as resource degradation. These externalities can be internal-
ised with judicious planning. The problems of degradation further aggravate in 
the context of climate variability or policy distortions. Policies like free power 
would increase the risk of degradation.

In the context of life-cycle costing (LCC), the system boundaries are limited to 
economic or financial costs. The costs of infrastructure and distribution are only 
included (Fig. 2.2). Even the use-level costs are not included in the case of finan-
cial costs, though economic costs include user costs.
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2.2 � Cost Components

LCCA analyses the aggregate costs through the life cycle of the system or infra-
structure. In a standard LCCA, acquisition costs and sustaining costs are included 
at the aggregate level (Barringer 2003). These costs are also termed as recurring 
and non-recurring costs or fixed and variable costs. Each of these costs will have 
various components of costs at the disaggregate level. Acquisition costs include 
hardware and software costs. Hardware costs include mainly infrastructure, 
buildings, etc., while software costs include research and design costs, capac-
ity building, etc. Broadly, the cost components include not only the construc-
tion and operational costs but also the rehabilitation and information, education 
and communication (IEC) costs. These are as follows: capital expenditure on 
hardware (initial construction cost) (CapExHrd); capital expenditure on software 
(CapExSoft); capital maintenance expenditure (rehabilitation cost or CapManEx); 
cost of capital (CoC); direct support costs (ExDS); indirect support costs (ExIDS); 
and annual operation and maintenance cost (OpEx). These are broadly grouped 
under fixed and recurring costs (Box 1).

While fixed costs include source protection and construction (hardware) along 
with designing and planning (software). Variable or recurring costs include capi-
tal or asset maintenance; operation and maintenance costs, CoC, direct and indi-
rect support costs, including training, planning and institutional propoor support. 
The delivery of sustainable services also requires that financial systems be in place 

Fig. 2.2   LCC system 
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Box 1: Cost Components

Fixed Costs
CapExHrd: this includes government expenditure on infrastructure such as 

water sources, pumps, storage, filters, distributions systems, etc.
HHCapExHrd: this includes household expenditure on infrastructure such 

as water storage, toilets, wells, pumps, etc.
CapExSft: this includes government expenditure on planning and designing 

costs of the schemes.
Recurring Costs
CapManEx: this includes capital maintenance such as rehabilitation of 

sources, systems, etc.
CoC: this includes the interest paid on the borrowed capital for investment 

in the WASH sector.
ExDS: this includes staff salaries, post-implementation activities such as 

IEC, demand management and training of mechanics.

in order to ensure that infrastructure can be renewed or replaced at the end of 
its useful life and to extend delivery systems in response to increases in demand 
(Reddy et al. 2009).

Depending on the nature of the product or service, it is likely that households, 
apart from public utilities or private agencies, also invest or incur costs. These 
costs could be fixed or variable depending on the product or service. It is observed 
that households often spend substantial amounts towards fixed and variable costs 
in order to improve the WASH service provided by public agencies, viz. infra-
structure such as wells, storage, toilets, etc., and operational costs such as minor 
repairs, cleaning, etc. These costs are incurred in order to overcome reliability 
and convenience issues related to water services. Along with these expenditures, 
households also spend time fetching water and money towards buying water. 
These are incurred to overcome access and quality problems. While monetary 
expenditure alone is considered in the case of financial analysis, economic analy-
sis includes both public and household expenditure in monetary terms, as well as 
opportunity costs. On the other hand, in case of sanitation, public and household 
expenditure are mutually inclusive, as household expenditure is a necessity and 
mandatory for construction of household toilets. Hence, both public and household 
expenditures need to be analysed together for sanitation.

Another set of costs that are important in a comprehensive life-cycle cost analy-
sis (green economy approach) are the costs associated with environmental exter-
nalities. These include degradation costs of natural resources like soil, water, air, 
etc.; emissions or effluents that directly affect livelihoods, health, etc.; and long-
term impacts like greenhouse gases (GHGs), etc. These impacts could be posi-
tive or negative. They could take place within the sector or product that is being 
assessed or any other sector linked to the core sector.
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2.3 � Discount Rates, Annualisation and Functional Unit

All the fixed capital investments are made over the years and are hence cumulated 
over the years. Similarly, benefit flows are cumulated over the years. When LCCA 
is adopted at the initial stages of the project, the capital or fixed investments are 
made in the current year and the recurring investments are made in future years 
over the life of the system. Some of these costs are regular and expected (opera-
tion and maintenance), and others could be irregular and unexpected (capital 
maintenance). Benefit flows take place in future years. In order to make project 
appraisals comparable between products or services, all these costs and benefits 
need to be assessed at the current year. In cases where LCCA is taken up at a later 
stage of the project, historical costs and benefits are used where costs and benefits 
would accrue in the past as well as in future. These costs and benefits are inflated 
to the current year level. Various deflators (future benefits) or inflators (past invest-
ments and benefits) are suggested in the literature (Barringer and Weber  1996). 
These range from the National GDP inflator/deflator (inflation based) to fixed con-
sumption (depreciation) and accelerated depreciation or appreciation. In the case 
of environmental benefits, lower discount rates are often proposed (Table 2.1).

Different systems have different lifespans, including technical, economic and 
useful. In order to make the projects comparable, the lifespans need to be stand-
ardised by annualising the costs. In order to arrive at the unit costs per year, all 
the capital costs (CapExHrd) are annualised using the normative lifespans of the 
systems, i.e. the technical lifespan. Arriving at the lifespan of a system becomes 
complicated where different components of the system have different lifespans. 
Using component-wise lifespans for hardware such as boreholes, pumps, pump 
houses, overhead reservoirs, hand pumps, etc., is more realistic. While normative 
lifespan is determined technically, it may not hold well in reality. Systems may 
last longer or shorter than their normative life due to various factors such as poor 
maintenance and natural factors like hydrogeology; precipitation, temperature and 
humidity; and natural disasters like floods, droughts, etc. The actual lifespan is 
the actual number of years the component lasts. By comparing these two, one can 

ExIDS: this includes policy planning at the macro level, i.e. central and 
state.

OpEx: this includes regular operation and maintenance of the systems such 
as energy costs, minor repairs, filtering costs, salaries of water man, etc.

HHOpEx: this includes household expenditure on operation and mainte-
nance of water systems, sanitation facilities, etc.

RTCost: Retirement costs include the termination costs of the infrastructure.
Costs of Environmental Externalities
These include resource degradation costs within sector and in other sectors 

that are linked to the core sector.

2.3  Discount Rates, Annualisation and Functional Unit
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assess whether the actual cost of provision is more or less than the estimated costs. 
Moreover, actual lifespan takes into account the risk and uncertainty associated 
with the system.

Standardisation is also necessary for comparing the environmental benefits or 
disbenefits. Functional units are specified for each assessment, and they should be 
comparable across the products or services, for instance, emissions per unit (kg) of 
product or wastewater generated per unit of water in filtering (litres).

2.4 � Components of Life-cycle Cost Model

The basic LCCA functional form should include the components as indicated in 
Eq. 2.1.

where

LCCxt	 Life-cycle costs of specified product/service
CapExhwxt	 Capital expenditure on hardware (initial construction cost)
CapExswxt	 Capital expenditure on software
CapManExxt	 Capital management expenditure (rehabilitation cost)
CoCapxt	 Cost of capital
DsCostxt	 Direct support costs
IDsCostxt	 Indirect support costs
OpExxt	 Annual operation and maintenance cost
CoEExtxt	 Cost of environmental externalities

x represents product or service, and t represents year.
These costs are essential to carry out project appraisal that deals with environ-

mental as well as social sustainability (service delivery) in the short to medium run 
at least. However, some of these costs are difficult to quantify, especially the costs 
of environmental externalities. All the costs need to be standardised by annualising 
the costs. Some of these costs like OpEx are incurred annually, while others need 
to be annualised. For these investments, past or future, we need to arrive at the 
present value of these investments in order to make the investments comparable 
across the schemes. Accordingly, Eq. 2.1 can be written as follows:

(2.1)

LCCxt = f

{

n
∑

t=1

(CapExhwxt; CapExswxt; CapManExxt; CoCapxt; DsCostxt;

IDsCostxt; OpExxt) + CoEExtxt

}

(2.2)

LCCxt = f

{

n
∑

t=1

pvfxt(CapExhwxt; CapExswxt; CapManExxt; CoCapxt; DsCostxt;

IDsCostxt; OpExxt)CoEExtxt

}

2.3  Discount Rates, Annualisation and Functional Unit
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where

pvf	 Present value factor (1 + r)t

r	 Rate of interest or inflator
t	 Time period

Rate of inflation or the prevailing rate of interest may be appropriate for esti-
mating the present value or worth. Other alternatives include effective interest 
rate (rate of interest–inflation), national GDP inflator could also be used. Once the 
whole life costs are estimated, unit costs and annualised costs can be worked out.

2.5 � Risk-Based Life-cycle Cost Analysis and Simulations

Some of LCCA components are characterised with risk and uncertainty. Systems 
fail randomly and may not follow a time schedule. Time required for rehabilita-
tion/repair and costs may vary. As a result, while normative lifespan of different 
systems may not vary much, the actual lifespan varies due to risk and uncertainties 
associated with natural factors and unexpected climate events. The risk and uncer-
tainty are often high in the case of products and services associated with natural 
resources. The risk factor can be modelled using probabilistic phenomena, that 
is by estimating the probability of risk in a particular location due to a particular 
event. In the event of risk, the earlier Eq. (2.2) could be written as follows:

where
Psfxt	  Probability of risk

This formulation is more appropriate in the case of WASH services, as the 
dependence on groundwater is quite substantial. In this case, the total life-cycle 
cost is modelled as a random variable that is the sum of several cost items. Of 
these variables, the CapManEx is a random variable. The randomness or the prob-
ability of failure could be estimated using the observed values from the real-life 
costing in different agro-climatic locations. These observations can be comple-
mented with expert opinions.

Risk and uncertainty analysis is often carried out using scenario building. 
Different scenarios are built using assumptions pertaining to the expected risks. 
Scenario building gives a band or range of possible options to choose from, and 
simulation models are used to arrive at scenarios. Monte Carlo simulation tech-
niques are used to join probability distributions and economic data to solve 

(2.3)

LCCxt = f

{

n
∑

t=1

pvfxt

(

CapExhwxt; CapExswxt; CapManExxt; CoCapxt;

DsCostxt; IDsCostxt); OpExxt; CoCEExtxt[Psfxt]
}
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problems of uncertainty using spreadsheet techniques (Barringer and Weber 1996). 
Monte Carlo simulation techniques use random numbers to generate failure data 
and cost data considering the statistical distributions. Monte Carlo results are simi-
lar to real life because the results have variations around a given theme.

Here is how the Weibull database and Monte Carlo simulations work using the 
coupling data as an example. Given b = 2.0, and h = 75,000 h, what is a Monte 
Carlo age to failure? Solving the Weibull equation for time, 

t = h*{ln(1/(1-CDF/P))}^(1/b)

where CDF is the cumulative distribution function or the probability of failure, 
which always varies between 0 and 1. The CDF/P range is convenient because 
spreadsheets also have a random number function, which varies between 0 
and 1. This means if the CDF/P =  (arrived/chosen by a number between 0 and 
1) = 0.3756, then the Weibull age to failure is 51,470 h (or 5.9 years) as driven by 
the random choice of the number 0.3756. Contrast the Weibull results for age-to-
failure with results from the exponential distribution, (b = 1) age-to-failure, which 
produces 35,322 h or 4.0 years using the same random number. When the random 
numbers are used repeatedly, then specific ages to failure are selected as repre-
sentative of specific ages to failure. Alternatively, the probability of failure can be 
estimated using the historical data or expert opinion. Different random numbers or 
probability scenarios can be modified to build more complex failure propagation 
tables taking into account how good maintenance practices will reduce the number 
of failures occurring each period (Barringer and Weber 1996).

2.6 � Methods and Tools of Environmental Impact 
Assessment

While all the relevant life-cycle costs are available in primary or secondary 
sources or derived from market prices, the cost of environmental impacts needs 
to be estimated. Various methods have been used to estimate the environmental 
impacts, as the environmental goods and services are not often available in the 
market. Here, we discuss some of the important methods used in estimating the 
impacts.

Methods1 used in valuations of environmental impacts or costs and benefits can 
be broadly grouped as direct and indirect. Indirect methods2 use actual choices 
made by consumers to develop models of choice for market and non-market 

1  We restricted to the methods appropriate for this section. We have not dealt with financial or 
economic appraisal methods such as Cost–Benefit Analysis (CBA), Cost-effectiveness Analysis 
(CEA), Multi-Criteria Analysis (MCA), Risk—Benefit Analysis (RBA), Decision Analysis (DA), 
etc.
2  These are also known as surrogate market valuation approaches, when information about a 
marketed good is used to infer the value of a related non-market good.

2.5  Risk-Based Life-cycle Cost Analysis and Simulations
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goods. These include most importantly human capital (HC) approach, replacement 
cost method, travel cost method (TCM), hedonic pricing method and loss of pro-
duction method. Direct methods ask consumers their maximum willingness to pay 
towards a possible change (improvement) in environmental amenities. These 
methods fall under stated preference techniques where individuals do not make 
any behavioural changes but state how they would be behaving. The direct meth-
ods include contingent valuation method (CVM) and contingent ranking or contin-
gent behaviour. Here, we discuss the methods that are used in assessing the 
environmental impacts.

2.6.1 � Indirect Methods

HC method is most widely used in estimating health-related environmental 
impacts. The HC approach considers people as economic capital and their earn-
ings as return to investment. Environmental economics focuses on the impact 
on human health due to bad environmental conditions, and the effect this has on 
the individuals and society’s productive potential. HC approach provides an esti-
mate of direct and indirect burden resulting from the prevalence of disease during 
a given period. Prevalence of disease-based estimates and present value of future 
costs are calculated. In the case of incidence of disease, the present value of future 
direct costs (mortality) and indirect costs morbidity ought to be calculated. There 
are also non-health sector costs, which are often difficult to estimate due to data 
limitations. Non-health sector costs include psychological costs such as the influ-
ence of mortality on family, life cycles, divorce, widowhood, orphan hood, etc.

Direct health costs are the costs incurred due to mortality and morbidity. 
Indirect health costs are the value of output lost because of loss of productiv-
ity in terms of working or keeping house. Here, the method would estimate the 
economic costs of illness of a productive human being. Two variants of this can 
be taken into account while measuring economic costs of illness due to environ-
mental factors: first the cost of medical treatment and second the loss of earn-
ings (working days) due to illness. Together, they provide the total economic loss 
due to ill health. However, it may be noted that these estimates need to be cor-
roborated with medical science or epidemiological data to correlate the illness 
with pollution. One way is to conduct laboratory tests of various water samples 
from the sites in order to check the presence of water-related diseases. The link-
ages between water pollutants like arsenic and other metals and health hazards 
are well established; discussions with local doctors help in establishing the link-
ages between water pollution and the prevailing diseases in the locations. The HC 
approach provides valuable information, provided its limitations (especially infor-
mation) are addressed. Though it cannot provide an accurate or complete estimate 
on the value of life, it does indicate economic costs due to morbidity and prema-
ture mortality.
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In the context of poor water quality, households adopt various mechanisms. 
Some buy water, some travel farther to fetch good-quality water, and some know-
ingly (due to lack of affordability) or unknowingly consume poor-quality water. 
The last category of households might incur other costs such as medical treatment, 
etc. In a case study in Andhra Pradesh, India, about 5 % of the households still 
drink sewerage-contaminated water due to compulsions of non-affordability or 
non-availability of persons to bring water from nearby town (Kurian et al. 2008). 
Those who consume the water complain about stomach pain, diarrhoea and joint 
pains. Women complain that the water quality is getting worse over the years and 
they are now scared to use the water even for domestic uses. Families consum-
ing this water may have to spend about $5–$8 per month towards doctor fees and 
medicines. However, there are no serious health complaints of severe sickness 
leading to loss of working days in the study region. The estimated total costs of 
water contamination come to $88,763 per year for the entire village (Table 2.2).

The incidence of sickness and unable to work due to pollution was estimated 
to be between 48 and 50 days in another study in Andhra Pradesh, India, where 
water was polluted due to discharge of industrial effluents (Reddy and Behera 
2006). The effective number of working days lost depends on the probability of 
getting employment. The average per-year-per-household loss of working days 
was calculated using the market wage rate in the villages. The estimated average 
loss per household due to loss of working days was about $28. Number of visits 
to the doctors before pollution and after pollution and its expenditure revealed a 
substantial increase. Households in the region used to visit doctors 4–5 times in a 
year and spent $3–4 on health, but after pollution, it has increased substantially in 
the affected villages, which has an adverse influence on the socio-economic condi-
tions of the people in the affected villages. Expenditure on health depends on two 
factors: (a) the severity of diseases and (b) the economic condition of the fam-
ily. Small and marginal farmers (owning to less than 2  ha of land) visit doctors 
20 times per annum, and their expenditure on medical services is $30. However, in 

Table 2.2   Health costs of water pollution accruing to households (HH) using various methods in 
Bommakal Village, Andhra Pradesh, India

Source Kurian et al. (2008)

Indicator No. of 
HH

Economic cost per house-
hold/year in US$

Total cost in US$/
year

No. HH buying water (avert-
ing cost)

20 95 2,000

No. of HH fetching water 
from town (travel cost)

900 900 @ each HH spends an 
hour per day in fetching 
water and the wage rate is 
US$0.30 per hour (total: 
$270)

86,447

No. HH drinking contami-
nated water (human capital)

80 6 (medical expenses) 421

Total 1,000 196 88,868

2.6  Methods and Tools of Environmental Impact Assessment
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case of medium (owning between 2 and 5 ha of land) and large (owning more than 
5 ha of land) farmers, the average number of visits to doctors is 25 and 12 and the 
amount spent on medical expenses is about $40 and $60, respectively, after pollu-
tion. These differences can be attributed to two factors mentioned above.

In the case of China, HC approach was used in the case study of Chongqing 
region, China. Three components of cost of illness were considered, viz. medical 
treatment, loss of work and premature death. Three diseases were linked to con-
taminated water (i.e. hepatitis, dysentery and selected cancers) and were taken 
into account for estimating costs. In the case of premature death, loss of earnings 
during the working age (18–60) due to death was estimated. Median age of the 
patients to die is estimated as 53 years; hence, the cancer patient loses seven years 
of working life. Individual contribution to production is estimated using the per-
capita growth (8 %) and a discount rate of 12 % were used. The total loss due to 
health damage was estimated to be $21.7  million when HC approach was used 
(Yongguan et al. 2001).

Averting Costs (AC) approach states that in order to avoid the damage due to 
environmental degradation, one has to spend some money. For example, the vic-
tims of environmental damage replace their environment by moving away from 
the affected area. The costs, which the victims incur by moving to a clean/healthy 
environment, are called averting or replacement costs. One of the techniques 
adopted in the averting cost method is that of direct observation of actual spending 
on safeguards against environmental risks. In the context of health impacts, house-
holds may either treat the water on their own (filtering, boiling, etc.) or switch 
over to bottled water in order to avoid adverse health impacts due to drinking 
of unclean water. Data pertaining to the AC are based on the households’ actual 
spending on treatment of drinking water and purchased bottled water from the 
market. In a study of Andhra Pradesh, India, it was observed that about 2 % of the 
households buy water from the market in order to avoid adverse health impacts. 
The estimated cost of this averting behaviour is estimated at $95  per household 
per year (Table 2.2). In the arid regions of Rajasthan, almost a quarter of the total 
households buy water from the market and spend more than $1 per day per house-
hold (Reddy 1999). Water treatment costs are estimated at about $0.9 million in 
the Chongqing region of China.

TCM uses peoples’ actual behaviour and hence captures the actual use values. 
Travel cost models are based on an extension of theory of consumer demand, with 
specific reference to value of time. This method, which is the most straightforward 
of the indirect methods, recognises that visitors to a recreation site pay an implicit 
price—the cost of travelling to it, including the opportunity costs of their time. 
Though this method is often used to estimate the willingness to pay for the facili-
ties of a site using information on time people spent on getting to a site, a modi-
fied version of this method can be used to estimate the value of time. This method 
(random utility theory approach) is based on the assumption that the households’ 
source choice decisions depend upon at least two sets of explanatory variables: (i) 
source attributes, which affect the households’ utility, and (ii) household charac-
teristics, which reflect difference in tastes and preferences. According to random 
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utility theory, the probability that household ‘h’ chooses alternative source ‘j’ 
equals the probability that the utility derived from using source ‘j’ is greater than 
the utility derived from any other alternative. Following this framework, utility 
function is estimated with two sets of variables, i.e. source attributes and house-
hold characteristics.

The functional form is as follows:

Uih	 f [Xih, Z1h]

where,

Uih	 Utility derived by household ‘h’ using a source site ‘I’. Here, utility is indi-
rectly determined by the choice of the source [site].

Xih	 represents source attributes like distance between source and household, time 
spent, money paid for collecting water, etc.

Zih	 represents household characteristics like income, social status, education 
level, preferences, etc.

In this model, the dependent variable (source/site) is a dichotomous variable, 
and hence, it is estimated with the help of conditional logit model.3 This model is 
found to be useful in estimating the household’s value of time and hence suitable 
for adaptation in the context of valuation of resources. Two clear cases of such 
adaptation are drinking water and fuel wood where rural households spend sub-
stantial amounts of time in fetching/hauling them. In this (conditional logit) 
model, the value of time spent by the household is given by the ratio of the two 
coefficients measuring time and money spent for water or fuel wood by the house-
hold. Here, the value of time is defined as the marginal rate of substitution 
between the time spent in collecting water/fuel wood and money paid4 for them. 
Health costs of using poor-quality water can be estimated if households have 
access to two sources with different source characteristics in terms of quality, time 
spent/money spent. For instance, the extra effort put in/amount spent by house-
holds for collecting/buying good-quality water is the value households place on 
health. One problem that may arise here is the existence of markets for these 
items. It may be difficult to find markets for drinking water and fuel wood in all 
the regions, especially drinking water. Another problem5 here may be the large 
variations in tastes, availability of alternative sources, incomes, etc., which can be 
taken care of with appropriate econometric techniques. On the whole, TCM is 
believed to be a useful tool and found to have worked well in different contexts.

3  Conditional logit is used to deal with the data structure, which includes both groups of inde-
pendent variables—source attributes vary across sources while household characteristics do not 
vary across sources.
4  This is calculated in terms of the price times the quantity of water/fuel wood consumed per 
day. In other words, the values of water/fuel wood if purchased at market price (even if the 
household is not actually purchasing them in the market).
5  Various other problems related to Travel Cost Method are not considered here.

2.6  Methods and Tools of Environmental Impact Assessment
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Greater proportion of households resort to fetching water from far-off places 
to avoid the ill effects of poor-quality water, which is mainly due to their poor 
economic status in the developing countries. Villagers go to nearby towns to fetch 
water from municipal supplies. Studies observed that households spend an hour 
to bring two cans of water (about 40–50  l) and in summers, it becomes worse 
as wait times can last 2–3 h (Kurian et al. 2008). About 80 % of the households 
resort to this mode, and the estimated costs are $270 per household per year. In 
arid regions, the travel time tends to be substantial, i.e. 18 h per day per house-
hold. Often, these travel costs are not accounted as the opportunity costs of labour, 
especially for women and children (the main fetchers of water), tend to be zero in 
some rural areas of developing countries (Reddy 1999).

Hedonic pricing method uses surrogate markets to impute values of non-market 
goods. It estimates the implicit price of the non-market characteristics, which dif-
ferentiate closely related or explicitly similar products. This method is widely used 
to value environmental amenities or disamenities associated with a good, using 
market values (i.e. property valuation approach or wage differential approach). For 
instance, take two units of houses, which are identical in all respects except one, 
i.e. air pollution. Their prices would differ if people place value on clean air or the 
health. If so, the difference in market price between the two units should, ceteris 
paribus, reflect the willingness to pay for better air quality/healthy environment. 
Similarly, wage differentials in similar jobs can be attributed to working and living 
conditions. In other words, a higher wage is needed to attract workers to polluted 
environments or unhealthy industries like coal mining, nuclear complexes, etc.

Like in the TCM, here also people’s willingness to pay for healthy environment 
can be arrived at by estimating a regression equation and then deriving the demand 
function. The functional form of the equation may be specified according to the 
good that is being valued. In the present context, hedonic pricing method is appro-
priate to derive the users’ valuation of health in terms of clean air, availability of 
quality water, etc. Here, the functional form would be as follows:

PLif  [AQi, AWi, QWi, Spi, OTi]

where

PLi	 Price of the property (house)
AQi	 Air quality
SQi	 Soil quality
AWi	 Availability of water
QWi	 Quality of water
SPi	 Size of the property
OTi	 Vector of other attributes like distance from the market, other amenities 

available, neighbourhood, etc.
i	 Index of properties ranging from l to n

One or more of these environmental qualities of the property (house) can be 
incorporated depending on the characteristics of the property. Hedonic pricing 
method is widely used with reference to air quality. The main problem associated 
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with this method is rooted in its stringent assumption of well-functioning markets. 
Given the variations in property prices, this may prove useful in deriving the users’ 
willingness to pay for various environmental qualities and health. However, inter-
pretational problems may arise if supply adjusts to changes in prices, which may 
result in insignificant or zero variation in prices (of property). But, this was not 
found to be a frequent problem as hedonic price technique is being used effec-
tively and satisfactorily to estimate the impact of environmental factors on prop-
erty values, though it showed poor results in the context of unknown or unclear (to 
the individuals affected) impacts. Though these methods have the potential to deal 
with the valuation of natural resources, in market as well as non-market situations, 
one has to see whether these estimates conform to local peoples’ perspective. 
Utmost care is needed while interpreting the results, which ought to be comple-
mented by qualitative information.

2.6.2 � Direct Methods

The most important and widely used direct method is the CVM. Of late, research-
ers have also employed contingent ranking or contingent behaviour to estimate 
individuals’ willingness to pay for environmental amenities. However, the devel-
opment of CVM has been very rapid due to its extensive use and hence the prob-
lems and solutions associated with it. Despite numerous criticisms levelled against 
it, a reasonable degree of success and persistence led to increasing attention on 
CVM findings.

CVM is a modern name for survey methods. Only difference is that CVM elic-
its how people would respond to hypothetical changes in some environmental 
resources. CVM deploys direct valuation questions relating to individuals willing-
ness to pay6 for certain environmental changes. These questions may be in the 
form of referendum or payment card apart from the direct questioning of the exact 
amount an individual/household is willing to pay (WTP). However, the direct 
questioning has been criticised as a difficult question to answer. The referendum 
approach includes dichotomous-choice, close-ended, or take-it or leave-it question 
formats, while the payment card format specifies a range of values from which the 
respondent is asked to mark the highest value he or she would be WTP. Another 
way of eliciting information is through a bidding game procedure, which is some-
what similar to payment card approach, where the respondent is offered different 
hypothetical bids until a range is generated. In this, the true willingness to pay is 
expected to lie between positive and negative responses rather than on a single 
point.

A general criticism of CVM is regarding the validity of insights derived from 
people’s responses to hypothetical situations. How far out are the estimates 

6  The concept of willingness to accept is less preferred as it is observed not to reflect the true 
picture—often found to be giving over estimates when compared to willingness to pay estimates.
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reliable or accurate? Awareness of the respondent with regard to the suggested 
environmental amenities, which are often esoteric (like polar bears, acid rain, rain-
forests, etc.), is critical for obtaining reliable estimates from CVM. Lack of knowl-
edge regarding the ‘good’ or ‘bad’ in question may result in hypothetical answers 
as well. Due to this reason, CVM is the most scrutinised among the social sciences 
research methods, to our knowledge. However, when questions are asked regard-
ing the issues closely related to the respondents such as health, clean water, etc., 
CVM is found to provide results that are more accurate. This, however, would 
limit the types of commodities or decisions that can be included in CVM analy-
sis. CVM is observed to provide theoretically consistent and plausible measures of 
individual values for some types of environmental resources.

CVM is best suited in the event of hypothetical or missing market situations. 
CVM can generate reliable estimates of willingness to pay even for ‘goods’ or 
amenities in a market situation. Here, one is often talking about the improvements 
in the present situation rather than a status quo position. If CVM is credible in 
estimating non-market values, it should be at least reliable in market situations. 
Nevertheless, due caution has to be taken to avoid creeping in some of the impor-
tant biases while using CVM. These biases include (i) sampling bias, (ii) non-
response bias, (iii) strategic bias, (iv) hypothetical bias, (v) part-whole bias, (vi) 
information bias, (vii) aggregation bias, (viii) interviewer and respondent bias, (ix) 
payment vehicle bias and (x) starting point bias. Some of these biases are specific 
to CVM, while others are endemic to all survey methods. CVM surveys can be 
designed to reduce the bias problem to an acceptable level such that undertaking a 
CVM evaluation does provide us with useful value estimation information.

Given the poor quality of drinking water, households are WTP for improved 
water quality. In a study of six villages, not a single household expressed ‘no’ to 
the WTP question for the provision of quality water by a private firm (Reddy et 
al. 2009). This is true for both capital costs and membership fees, which is fixed 
at a nominal level and user charges. Majority of the households are WTP $0.75 
and more as membership fee for safe drinking water. Majority of the non-poor 
households are WTP $1 and more (Table 2.3). In the case of user charges, all the 
households are WTP the present rate of $0.038 per 12 l. Most of the households 
prefer home delivery of water, and they are WTP extra for the transport. Among 
the non-poor households, 82  % are WTP extra (i.e. $0.063/12  l). In the case of 

Table 2.3   Willingness to 
pay water (per can of 20 l) 
(per cent households)

Source Reddy et al. (2009)

Costs in $ per 12 l Poor Non-
poor

Capital costs

Up to $0.75 80 40

More than $1 20 60

User chargers 100 100

User charges as per cent to income 4.8 0.93

User charges as per cent to expenditure 4.5 3.5
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poor households, only 52 % are WTP this price. The differences between poor and 
non-poor households in the WTP bids are due to the differences in ability to pay. 
Ability to pay is examined by looking at the household income and expenditure 
figures. As a proportion of household incomes, poor households are WTP 4.8 % 
against 0.93  % in the case of non-poor households. This is quite substantial by 
any standard, as it is often assumed that households are WTP up to 3 % of their 
income. In terms of expenditure, poor households are WTP more than their coun-
terparts (Table 2.3). It is also observed that willingness to pay for public provision 
of drinking water is often lower when compared to private supplies. This is mainly 
due to lack of trust in public utilities in the developing countries.

It is observed that the willingness to pay estimates is often on the higher 
side when compared to HC approach. A caparison of these two methods in the 
Chongqing region of China revealed that WTP estimates are more than three times 
higher than that of the estimates from HC approach. A major share of this goes 
to the avoidance of premature cancer deaths due to water pollution (Yongguan et 
al. 2001). The difference in estimates could be due to the reason that WTP esti-
mates often include non-tangible/non-economic costs, viz. social, psychological, 
aesthetic values, etc.

Contingent ranking or contingent behaviour is an indirect approach within the 
direct methods. In contingent ranking, respondents are asked to rank some non-
market resources in the order of their preference. These non-monetary prefer-
ences are then ‘anchored’ by simultaneously asking respondents about some of the 
familiar items like hand pump or bore well. Then, respondents are asked for their 
willingness to pay (WTP) for the familiar items. These WTP estimates are then 
used to infer the WTP for non-market sources. Though this method appears to be 
simple and capable of generating reliable WTP estimates, it may not provide the 
true estimates of WTP apart from having additional biases, which are not identi-
fied so far. Another pertinent problem may arise due to the difference in ranking 
non-monetary priorities of individuals and their valuation in monetary terms. This 
mismatching of monetary and non-monetary priorities is found to be substantial in 
the context of local-level valuation of resources.

In the case of contingent behaviour approach, respondents are provided with 
alternative scenarios of environmental amenities from which they have to make 
a choice. This facilitates the explanation for the choice of one alternative over 
others as a function of attributes, which include travel distance, etc. This method 
makes data generation more complex, as it tends to confuse respondents by giving 
them multiple choice of amenities. This method also involves more sophisticated 
econometric techniques for estimation purposes. More importantly, this method 
when combined (jointly estimated) with revealed preference (indirect) approach is 
expected to provide a fruitful variant to CVM rather than by itself.

2.6  Methods and Tools of Environmental Impact Assessment
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