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1.1  Introduction

This volume is about the application of life-cycle cost approach (LCCA) in the 
management of infrastructure and other investment projects in the context of 
developing countries. The main objective is to identify potential aspects for its 
adoption in developing countries with the help of case studies and best practices. 
It seeks to influence the policy understanding of why life-cycle cost assessment is 
central to achieving the goals of sustainable development as well as sustainable 
service delivery and to influence the behaviour of sector stakeholders. The idea 
is to mainstream LCCA into governance processes at all institutional levels from 
local to national in order to increase the ability and willingness of decision mak-
ers (both users and those involved in service planning, budgeting and delivery) to 
make informed and relevant choices between different types and levels of products 
and services.

LCCA can provide ‘win–win’ strategies in terms of identifying appropriate 
technologies, products and services that are environmentally, economically and 
socially sustainable. LCCA prompts policy shifts towards a systems perspective. 
Adoption of LCCA evolves from life-cycle thinking that needs to be ingrained into 
macro policy. This calls for awareness building and capacities at the policy and 
planning levels.

This volume is an attempt towards awareness building among policymakers, 
researchers and development practitioners about the importance and role of LCCA 
in achieving sustainable development and provision of sustainable services in the 
context of developing countries. Specific objectives include:

•	 To discuss the rationale and relevance of LCCA in the context of developing 
countries,

•	 To present the framework and concepts of LCCA,

Chapter 1
Life-cycle Cost Approach: Rationale  
and Relevance

© The Author(s) 2015 
V.R. Reddy et al., Life-cycle Cost Approach for Management  
of Environmental Resources, SpringerBriefs in Environmental Science,  
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•	 To discuss real life case studies using LCCA along with best practices, and
•	 To identify policy challenges for mainstreaming life-cycle thinking at the policy 

level.

This volume is based on the extensive and intensive meta-analysis of existing lit-
erature on LCCA across the world. The focus is on the role of LCCA in attain-
ing sustainable development and sustainable service delivery with reference to 
developing countries. The volume is organised into three sections. The following 
section presents the rationale and relevance of LCCA. The analytical framework 
and concepts are discussed in Sect. 3. Section 4 highlights the policy challenges 
in mainstreaming LCCA in developing countries and the last section makes some 
concluding observations.

Developing countries are plagued with poor and fluctuating service delivery 
with low or no priority for environmental protection. Often these two aspects are 
interlinked and complement each other in aggravating the problems. The problems 
are conspicuous in the case of infrastructure-based basic services like water, sani-
tation, power, health, etc. Main reasons for this include: (1) lack of attention to 
planning and design; (2) neglect of source protection investments; (3) lack of allo-
cation towards capital or asset management practices; (4) lack of understanding 
regarding the linkages between different sectors like groundwater aquifers, energy 
sector; agricultural and household demand for water resources, etc.; and (5) 
absence of disaster management preparedness or fund allocations towards such 
eventualities (Kurian and Turral 2010; Reddy and Kurian 2010).1

1.2  What Is LCCA and Why?

1.2.1  Background

At the outset, it is necessary to clarify and define the key concepts that are being 
used. Life-cycle of a product or service is the process from its birth to death. In 
other words, from extraction of raw material from the natural system to its final 
disposal (ISO 2006, as quoted in UNEP 2012). All the costs associated with the 
product life-cycle are considered life-cycle costs (LCC), which has been used tra-
ditionally. The term life-cycle assessment (LCA) came into use when environmen-
tal impacts associated with inputs and outputs were evaluated. While there is clarity 
that LCC doesn’t include environmental costs, it is not very clear on what compo-
nents LCA includes. It appears that social life-cycle assessment is not included in 
LCA. Different terms like environmental life-cycle assessment (E-LCA) and social 
life-cycle assessment (S-LCA) are used when environmental and social impacts are 
assessed. Here we adopt the term life-cycle cost assessment or approach (LCCA), 

1 For African and Indian experience see WASHCost project publications covering four countries 
http://www.washcost.info/page/196.

http://dx.doi.org/10.1007/978-3-319-06287-7_3
http://dx.doi.org/10.1007/978-3-319-06287-7_4
http://www.washcost.info/page/196
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which incorporates all the economic, environmental and social aspects of life-cycle 
costs; thus, making LCCA the most comprehensive approach.

Life-cycle management (LCM) is the system of management that minimises 
environmental and socioeconomic burdens of product life-cycle or in the product 
portfolio of a business organisation. LCM helps make life cycle approaches opera-
tional through the continuous improvement of product systems (UNEP/SETAC 
2007). Identifying and incorporating the potential environmental impacts into pol-
icy is termed life-cycle thinking. This in a way mainstreams environmental aspects 
into policy. Number terms related to LCCA are in vogue.2 Important among these 
are life-cycle inventory (LCI), which is the database and life-cycle approaches that 
include techniques and tools to inventory and assess impacts.

The experience of developing countries clearly indicates that the focus has been 
infrastructure provision rather than service delivery. That is, the focus in terms of 
planning and investments has been confined to production phase to the neglect of 
pre- and post-production phases. It is observed that expenditure on infrastructure 
accounts for more than 80 % of the total allocations in rural water supply services 
(Reddy et al. 2012). This is attributed to the fact that the budgeted unit costs of 
rural drinking water services do not take source protection or system rehabilitation 
costs into account. As a result, slippage3 of service levels has become a regular 
phenomenon, i.e. service levels deteriorate or fluctuate between full coverage and 
partial coverage or unsafe resource situations (Reddy and Batchelor 2012). It is 
argued that unit costs are not only below the required levels but also the composi-
tion of costs is biased in favour of infrastructure to the neglect of source protection 
or natural resource base.

Natural resources, especially water resources, play a critical role in the agri-
culture-dependent economies of developing countries. The linkages between 
land, water and energy need to be understood for enhancing the production effi-
ciency of each sector as well as the combined efficiency for enhanced and sus-
tainable food security. In most cases, natural resource systems are being utilised 
in unsustainable manner in most countries. Their productivities, individually or 
combined, are very low and vary widely across countries. As a result, these grow-
ing economies experience increasing environmental impacts. Fostering sustain-
able development and mitigating environmental impacts could be possible through 
following a ‘nexus’ approach i.e. water, energy and food security. Following the 
nexus approach would pave the way for achieving ‘green economy’ (Hoff 2011).

Green economy is the ultimate one that enhances welfare and equity while 
reducing environmental impacts. This calls for recognising the inter-sectoral link-
ages and adopting a nexus approach for resource use efficiency and policy coher-
ence rather than following sectoral approaches (Hoff 2011). In the absence of such 
sectoral integration, resource degradation has been the norm across the sectors, 

2 All these terms are included in the glossary.
3 Slippage is used in the case of water, sanitation and hygiene services (WASH). WASH slippage 
is defined as the occurrence of a certain level of WASH services that has fallen back in a defined 
period of time to a lower level of services.

1.2 What Is LCCA and Why?
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space and time, while socioeconomic inequalities have been perpetuated. Water 
sector is the most affected in this regard. In the absence of integrated planning and 
policy coherence between water, energy and food sector, water resources are being 
over exploited due to distorted energy and food policies. On one hand, subsidies 
on power, fertilisers and water encourage farmers to use beyond optimum levels 
(inefficient allocation), on the other distorted output pricing policies often favour 
high water intensive crops (Reddy 2010). Similarly, subsidised inputs (fertiliser) 
have promoted intensive agricultural practices resulting in extensive land degrada-
tion in India (Reddy 2003).

Promotion of water conservation technologies (WCTs) such as micro irriga-
tion, often takes only the farm level water use efficiency into consideration rather 
than looking at the watershed or basin scale. It is misleading to conclude that 
WCTs results in water savings without considering the scale aspects (Batchelor 
et al. 2014). Net water savings from WCTs at the basin level are much less, than 
the observed water savings at the farm level as the latter does not take the return 
flows downstream from flood irrigation. Crop or product profitability needs to take 
its environmental impacts within and outside their respective sectors. Apart from 
crop water requirements, methane emissions and contribution to greenhouse gases 
(GHG) vary across crops. Crop decisions or policies to promote crops need to take 
these externalities into account (Davis et al. 2008; Gathorne-Hardy 2013b).

In the absence of appropriate water pricing and regulation (economic or social), 
the extent of recycling and reuse of water has been very limited (Reddy and 
Kurian 2010). It was observed that water consumption levels vary widely across 
different bathroom fixers such as flush tanks, faucets, showerheads, etc. (Reddy 
1996). Unless one takes the water use (excess) externalities while pricing and tax-
ing these products into account, it would result in unsustainable water use prac-
tices. In fact, off late retailers and consumers are also looking for such information 
for promoting environmentally friendly products (Finnveden et al. 2009).

Perpetuation of distorted and incoherent policies in the context of climate vari-
ability has further aggravated the impacts of resource degradation on food secu-
rity as well as socioeconomic equity. Climate variability has increased the risk and 
uncertainty in the livelihoods of the farming communities, especially in the rainfed 
regions. It is increasingly being realised that investment decisions and public poli-
cies need to take environmental externalities, negative as well as positive, and the 
risk analysis into account in order to ensure sustainable development. These obser-
vations hold well across the developing world.

Thus, the need of the hour is to formulate policies and make investment deci-
sions addressing environmental externalities that would ensure sustainable ser-
vices. That is project or programme appraisals need to be more comprehensive in 
order to move towards green economies. Adopting life-cycle thinking is expected 
to take care of all these aspects and avoid shifting the burden between sectors  
and space (UNEP 2012). However, the progress in adoption of LCCA has been 
limited across the developing world despite the concerted efforts of the United 
Nations Environment Programme (UNEP) to mainstream LCCA into policymak-
ing over the past decade.
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Though European Commission has taken the lead in mainstreaming LCCA into 
policy, there appears to be still barriers to its broader implementation (EC 2003). 
Important reasons for this slow progress include: (1) LCCA is data intensive and 
availability of required data and in appropriate formats is difficult, (2) lack of 
clarity on drawing a line between what to and what not to include in the case of 
environmental impacts, and (3) more importantly lack of awareness among policy 
makers of its adoption and capacities to take up LCCA assessments. Awareness 
building at the policy level is the main bottleneck, as availability of data is often 
demand driven i.e. data is generated as per requirements.

1.3  Life-cycle Cost Approach: Rationale and Relevance

Life-cycle Cost Approach (LCCA) is a comprehensive tool that is often used in 
project evaluation of various investments leading to products or services. Though 
the basic principles of LCCA are nearly a century old, its systematic use is only 
about 25–30 years old (Salem 1999). LCCA is an economic assessment or project 
appraisal tool that can be applied at any phase of the project life-cycle, though 
it is preferred prior to the investment decisions. LCCA includes the whole chain 
and spread of activities from the start to end of the product life, termed ‘cradle 
to grave’. LCCA takes a systems approach looking into inter-connectedness and 
impacts of/and on other related sectors, i.e. including the externalities. Such a sys-
tems perspective is valid not only for the environmental dimension but also for 
social and economic dimensions.

The usage and adoption of LCCA has transformed over the last three decades 
from a project appraisal tool to an environmental impact assessment tool. During 
the early phases, LCCA was widely used in infrastructure projects, such as con-
struction, power, etc., for assessing project feasibility studies, affordability stud-
ies, source selection studies, repair level studies, etc. (Barringer and Weber 1996; 
Asiedu and Gu 1998; Korpi and Ala-Risku 2008). During the last decade or so 
LCCA is being propagated as an appropriate tool for environmental impact assess-
ment and sustainable development (Lundin 2002; Chan 2007; Finnveden et al. 
2009; UNEP 2012). Of late, LCCA is being adopted as an asset management tool 
that can ensure sustainable service delivery (Lundin 2002; Rahman and Vanier 
2004; Bloomfield et al. 2006; AAMCoG 2008; Franceys and Pezon 2010; Reddy 
2012; Kemps 2012). The evolution of LCCA has also experienced wider adoption 
across sectors during the last three decades. Initially, LCCA was confined to US 
defence department for procurement purposes (reducing the operation and support 
costs), but has now been adopted in various sectors in public as well as private, 
including construction, transport, manufacturing, energy, real estate, services sec-
tor, agriculture, biofuels, etc. (Asiedu and Gu 1998; Jones et al. 2012; LNRMI 
et al. 2014; Harris and Narayanaswamy 2009; Batchelor et al. 2011; Davis 
et al. 2008; Gathorne–Hardy 2013a; Iraldo et al. 2014). In fact, United Nations 
Environment Programme (UNEP) has taken the initiative in 2002 to promote 

1.2 What Is LCCA and Why?
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LCCA by providing a broader and deeper perspective to it. LCCA is being pro-
moted as a tool and method to achieve green economy and to be adopted in vari-
ous infrastructures and other projects (UNEP 2012).

The wide spectrum of aspects and sectors LCCA is being adopted indicates 
its potential to deal with number of pertinent policy issues ranging from project 
appraisal to achieving green economy, sustainable development and sustainable 
service delivery. Despite its potential to make comprehensive project assessment, 
its application is often limited to one of three aspects i.e. project appraisal, envi-
ronmental impact assessment, and asset management (service delivery). And the 
coverage of life-cycle phases in the assessment is limited (Korpi and Ala-Risku 
2008). This is often attributed to lack of data, in terms of quality, to make com-
prehensive evaluations, especially with regard to environmental impacts (Ayres 
1995). Moreover, methodologies for assessing environmental impacts were also 
limited prior to the 1990s. As a result, studies have been limited to certain phases 
of life-cycle, such as research and development (R&D), production and con-
struction (production), operations and maintenance (O&M), and retirement and 
disposal costs (disposal) rather than taking all phases of life-cycle and its inter-
connected sectors into account. The development of environmental economics 
during the last three decades has facilitated a more comprehensive use of LCCA. 
Moreover, LCCA, which has been a production engineer’s assessment tool, is 
gaining acceptance with economists, planners, financial managers and policy 
makers.

1.3.1  LCCA: Beyond Project Appraisal

Until the beginning of the twenty-first century, LCCA was mainly used as a pro-
ject appraisal or cost management tool in order to make investment decisions. It 
is observed that LCC is the most relevant cost management method and LCCA 
promotes environmental impacts instead of being a pure costing tool (Korpi and 
Ala-Risku 2008). The increasing concern for environment and sustainable devel-
opment during the 1990s has provided a new perspective and impetus to LCCA 
and its adoption. The Rio Summit in 2002 with its clear focus on global green 
economy has identified life-cycle thinking as a key to achieve sustainable devel-
opment. That is: ‘If the green economy is to bring the necessary changes to 
guarantee a future for life on Earth, decision making on product sustainability, 
investment, and policy must be made using life cycle thinking and operationalised 
through life cycle management, approaches, and tools’ (UNEP 2012: 13).

Life-cycle thinking is capable of integrating environmental, social and eco-
nomic impacts into the decision-making process thus ensuring sustainability in 
both public and private sector development initiatives. Life-cycle thinking adopts 
the complete process of a product’s life from raw material extraction from the 
earth to planning, designing, processing, making parts, finished products, their 
usage and their disposal. In the process it not only takes into account the natural, 
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social and economic resources that are being used in the production but also 
the impacts, positive and negative, the production process would cause to these 
resources. Thus, LCCA has the potential to achieve the objectives of nexus and 
Green economy. Although this is not done often due to complex methodologies 
involved, the adoption of environmental economic methodologies has facilitated 
comprehensive LCA i.e. adoption of consequential LCA versus attributional LCA 
(Finnveden et al. 2009).

Recent studies have shown that different crop systems can be evaluated and 
compared in terms of water use, energy use and emissions using LCCA. In a study 
of four different rice production technologies—intensive flooded High Yielding 
Varieties (HYV), rainfed rice, Systems of Rice Intensification (SRI) and organic 
rice—were compared for water, energy and greenhouse gas (GHG) emissions 
(Gathorne-Hardy 2013b). SRI scored high when compared to other rice systems 
in terms of water, energy and emissions per kilogram of rice produced under the 
condition of low manure application. While SRI is an environmentally-friendly 
method with less water and fertiliser requirements, the environmental benefits 
might get upset if excess manure (organic fertiliser) is applied. Similarly, a com-
parative assessment of biofuel and fossil fuel production systems using LCCA 
has estimated that biofuel production has the largest estimated reduction of GHG 
when compared to fossil fuels (Davis et al. 2008).

1.3.2  Asset Management and Sustainable Services

Another dimension of the LCCA that is less explored is its potential to ensure sus-
tainable service delivery. The use of LCCA throughout the life cycle of an asset or 
assets appears quite restricted and undeveloped because LCCA is viewed as not 
necessarily a good budget tool (Barringer and Weber 1996). Lack of full-blown 
analysis covering all phases of the life of an asset could be one reason, though 
life-cycle costing in theory includes all costs at various stages of the life-cycle. 
The adoption of LCCA ought to be broader throughout the economic life of the 
asset. In fact, LCCA is being used even for economic benchmarking of the assets 
(Boussabaine and Kirkham 2004, as quoted in AAMCoG 2008).The process helps 
in monitoring the economic performance of the asset in comparison with expecta-
tions set at the beginning of the project.

Such a process helps in maintaining the life of the asset and even extending the 
lifespan of the systems. This helps in maintaining certain levels of performance, 
i.e. checking the slippage in services and maintaining sustainability of services. 
This in the end ensures reduction in system breakdowns, minimises costs, 
improves system efficiency, financial sustainability and service sustainability. That 
is getting value for the money invested. It is observed: ‘given the restricted budget 
available for renewal and replacement of assets, there is a need for much greater 
scrutiny of existing assets in relation to community worth. LCCA can be applied 
in this decision making process to judge, given the value of an asset to the 

1.3 Life-cycle Cost Approach: Rationale and Relevance
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community, if renewal or replacement is appropriate and when is the optimal time 
for such an event’ (AAMCoG 2008: 13). This also minimises the risk transfers in 
the case of public-private partnership contracts.4

As mentioned earlier, allocations are highly skewed in favour of capital expend-
iture, i.e. asset or infrastructure creation with least concern for service flows 
from these investments. While the infrastructure focus is helpful in enhancing 
the access and productivity in the short run, they have become dead investments 
with poor and inequitable service delivery in the long run (Reddy 2009; Kurian 
and Ardakanian 2013). The role of cost components like capital maintenance and 
resource protection is critical for asset management and sustainable service deliv-
ery. These cost components are often given least priority, especially in the pub-
lic sector provision of goods and services (Reddy et al. 2012). The impact of the 
imbalance between capital and other recurrent expenditures becomes increasingly 
critical when coverage rates start climbing. The result is that water supply sys-
tems continue to fall out of service as fast as new ones are constructed. Although 
the approach has gained dominance as a service delivery model in progressively 
enhancing coverage, recent evidence suggests that there are critical second-genera-
tion sustainability concerns.

It is observed in the case of WASH services in four countries (Burkina Faso, 
Ghana, India and Mozambique) that allocations towards capital (asset) manage-
ment are totally absent and this is one of the main reasons for the failure of WASH 
systems (Franceys and Pezon 2010). Even in the absence of allocations, public 
WASH utilities in India end up spending 5–6 % of the total cost on asset manage-
ment. As there are no planned allocations, these funds are often drawn from the 
regular operation and maintenance (O&M) allocations. This in the end affects the 
up keep of the systems and service levels adversely (Reddy et al. 2012). In the 
absence of regular capital maintenance or delays in capital maintenance, there will 
be long periods of service breakdowns or very poor services (Fig. 1.1). And these 
breakdowns would often result in high rehabilitation and replacement costs push-
ing the unit costs high. Thus, adoption of LCCA may in fact reduce long run unit 
costs (allocations) though the initial costs tend to be higher (Reddy et al. 2012).

For instance, in the case of rural water supply systems in India, the observed 
and normative life of the supply systems were compared across number of 
agro-climatic zones. The observed life is the actual functional life of the sys-
tem while the normative life is the technically determined life i.e. the life of 
the system under normal conditions and maintenance. It is estimated that the 
observed or actual lifespan of the water supply systems at the aggregate (state) 
level is 8.2 years versus the normative lifespan of 12.7 years (Table 1.1). While 

4 In the case of private-public partnership projects, if the private parties do not include the capi-
tal maintenance costs, their total costs would be lower. But when these poorly maintained pro-
jects are handed over to the public or the community, the risk of failure becomes high as the 
adverse impacts of poor or no capital maintenance are realised after a time lag. In this way the 
risk of service failure is transferred to the public sector or to the communities, while the private 
party saves on capital maintenance.
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the normative lifespan across the zones does not vary much, the observed lifes-
pan varies between 3.7 years in the Godavari Zone and 10.9 years in the Krishna 
Zone. The observed lifespan could be lower because systems breakdown fre-
quently due to lack of maintenance or due to the hydro-geology of the region 
(bore well failure). The High Altitude Zone (HAZ) has an observed lifespan 

Service level with 
intermittent   capital 
maintenance

Time / Investment

S
e
r
v
i
c
e
l
e
v
e
l

Initial 
Investment

Rehabilitation after 
major breakdown

Service level with 
regular maintenance

Fig. 1.1  Capital maintenance and service levels

Table 1.1  Observed and normative lifespans of the rural water systems across agro-climatic 
zones of Andhra Pradesh

Note HAZ High Altitude Zone, NCZ North Coastal Zone, GZ Godavari Zone, KZ Krishna 
Zone, SZ Southern Zone, SRZ Scarce Rainfall Zone, STZ South Telangana Zone, CTZ Central 
Telangana Zone, NTZ North Telangana Zone. More details of these zones in terms of coverage of 
districts and sample habitations are provided in LNRMI et al. 2014
a Estimated using the observed data from the 187 sample habitations spread over nine agro-cli-
matic zones
b Based on data provided by the Department of Rural Water Supply and Sanitation, Government 
of Andhra Pradesh
c CV Coefficient of variation of the sample habitations in the respective zone
Source Village-wise data collected from the RWSS Department, Andhra Pradesh

Zone Observed lifespana Normative lifespanb

Average Range (Min–Max) CVc Average Range (Min–Max) CVc

HAZ 7.9 1.0–40.0 69.9 11.2 10.0–30.0 19.1

NCZ 9.8 1.0–49.0 95.6 11.6 10.0–30.0 23.3

GZ 3.7 1.0–31.0 21.9 14.1 10.0–30.0 55.2

KZ 10.9 1.0–49.0 127.9 11.8 10.0–30.0 26.9

SZ 8.4 1.0–45.0 86.9 12.5 10.0–30.0 34.5

SRZ 8.6 1.0–40.0 72.9 13.9 10.0–30.0 56.0

STZ 7.3 1.0–36.0 52.9 13.0 10.0–30.0 44.1

CTZ 7.5 1.0–40.0 54.8 12.7 10.0–30.0 39.4

NTZ 8.4 1.0–40.0 66.8 12.8 10.0–30.0 44.2

AP state 8.2 1.0–49.0 74.5 12.7 10.0–30.0 39.8

1.3 Life-cycle Cost Approach: Rationale and Relevance
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of 7.9 years, which is close to the state average. The extent of the system and 
source failure is also the highest at 41 and 72 % respectively in the Godavari 
Zone, when compared to 12 and 24 % respectively at the state level (Table 1.2). 
This is mainly due to the quality of water. The turbidity levels in water are quite 
high in this region, leading to choking of water filters and pumps. Seawater 
intrusion or salinity ingress is another reason for abandoning the sources in 
parts of the zone. This clearly indicates that number of factors influence the life 
of the system and the maintenance of the systems need to be in line with spe-
cific natural conditions. Moreover, poor maintenance itself may reduce the lifes-
pan. That is in the absence of allocations towards maintenance and replacement 
expenditure, service levels may not sustain. Poor maintenance causes major 
breakdowns resulting in higher unit costs in the end.

1.3.3  LCCA and the Nexus

Nexus is the linkage between water, energy and food security. Supply of water 
and energy are critical for food security. That is food production is directly influ-
enced by the availability of water (irrigation) and energy is required to access 
irrigation (groundwater). Source protection and maintenance is critical for sus-
tainable supply of both water and energy resources. LCCA can ensure sustaina-
ble services of water and energy through its comprehensive cost allocations that 
take care of source sustainability, asset management, risk management, pre and 
post-infrastructure support costs and other externalities (Fig. 1.2). Thus, LCCA 
ensures source sustainable services through source protection, efficient allocation 
of resources and risk mitigation at the source level and system level.

Table 1.2  Functionality of the water supply systems and sources across agro-climatic zones

Source Village-wise data collected from the RWSS Department at the district level

Zone Systems (HPs, PSPs, pumps, storage, 
etc.)

Sources (open and bore wells, 
tanks, etc.)

Total Functioning % failure Total Functioning % failure

HAZ 98 95 03 27 21 22

NCZ 164 162 01 36 30 17

GZ 125 74 41 29 8 72

KZ 265 258 03 43 37 14

SZ 189 170 02 70 63 10

SRZ 218 190 13 44 36 18

STZ 358 307 14 92 82 11

CTZ 328 278 15 85 60 29

NTZ 389 339 13 96 62 35

AP state 2,134 1,873 12 522 399 24
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1.3.4  Adoption of LCCA: Scale and Intensity

The adoption of LCCA is widespread covering numerous products in both public 
and private sectors. Most of the products, however, pertain to manufacturing sector 
covering construction, energy, transportation, etc. And the purpose of these studies 
are mostly for design trade-offs (45 %); source selection (38 %) and repair level 
analysis (13 %) and very few studies have taken all the phases of life-cycle into 
account while making assessments (Korpi and Ala-Risku 2008). However, this 
trend has changed since the beginning of this century. As observed above, adop-
tion of LCCA has spread beyond manufacturing covering service sector as well as 
natural resources. These include water and other natural resources (Koehler 2008; 
Batchelor et al. 2011; Koroneos et al. 2013); crops (Iraldo et al. 2014; Gathorne–
Hardy 2013b) and biofuels (Davis et al. 2008). Of late LCCA is found effective in 
service sectors like water and sanitation (WASHCost 2010; Jones et al. 2012).

Most of these studies have been framed in narrow life-cycle boundaries thus 
limiting the potential for achieving sustainable development/green economy goals. 
There is need for enhancing intensity as well as scale of the LCCA adoption. This 
calls for policy changes making the adoption of LCCA mandatory at various levels 
and providing guidelines for achieving green economy objectives. For example, 
life-cycle thinking is an important element of European environmental policy. A 
new law in Switzerland requires a complete LCCA of biofuels in order to quantify 

Fig. 1.2  Nexus—LCCA—
sustainable services
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the fuel tax to be paid (Korpi and Ala-Risku 2008). Adopting life-cycle thinking in 
all countries, especially in developing countries where environmental protection as 
well as service delivery is of low priority, is important for achieving cost effective 
sustainable development. Awareness and capacity building for adopting LCCA 
methods and tools is a critical step in that direction.

Keywords and Definitions

Cradle-to-grave  A cradle-to-grave assessment considers impacts 
at each stage of a product’s life cycle, from the 
time natural resources are extracted from the 
ground and processed through each subsequent 
stage of manufacturing, transportation, product 
use, recycling and ultimately, disposal (Athena 
Institute and National Renewable Energy 
Laboratory draft 2010).

Environmental aspect  Element of an organisation’s activities, products 
or services that can interact with the environment 
(ISO 2004).

Life-cycle  ‘Consecutive and interlinked stages of a product 
system, from raw material acquisition or genera-
tion from natural resources to final disposal’ (ISO 
2006).

Life-cycle approaches  ‘Techniques and tools to inventory and assess the 
impacts along the life cycle of products.’

Life-cycle assessment (LCA)  ‘Compilation and evaluation of the inputs, out-
puts and the potential environmental impacts of 
a product system throughout its life cycle’ (ISO 
2006).

Life-cycle costing (LCC)  ‘Life cycle costing, or LCC, is a compilation 
and assessment of all costs related to a product, 
over its entire life cycle, from production to use, 
maintenance and disposal’ (UNEP/SETAC 2009).

Life-cycle impact 
assessment (LCIA)  

The phase of Life Cycle Assessment aimed at 
understanding and evaluating the magnitude 
and significance of the potential environmen-
tal impacts for a product system through-
out the life-cycle of the product’ (ISO 2006).

Life-cycle inventory (LCI)  ‘The phase of Life Cycle Assessment where data 
are collected, the systems are modelled, and the 
LCI results are obtained’ (UNEP/SETAC 2009).
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Life-cycle inventory analysis  ‘The phase of Life Cycle Assessment involving 
the compilation and quantification of inputs and 
outputs for a product throughout its life cycle’ 
(ISO 2006).

Life-cycle management (LCM)  ‘A product management system aimed at mini-
mising the environmental and socioeconomic 
burdens associated with an organisation’s 
product or product portfolio during its entire 
life-cycle and value chain. LCM supports the 
business assimilation of product policies adopted 
by governments. This is done by making life 
cycle approaches operational and through the 
continuous improvement of product systems’ 
(UNEP/SETAC 2007).

Life-cycle management systems  ‘Management systems that incorporate the basic 
life cycle principles plus key elements of ISO 
9000, ISO 14000 and ISO 26000 to ensure con-
tinuous improvement: The plan-do-check-act 
cycle; Policy, objectives and targets; Procedures 
and instructions; Monitoring and registration sys-
tems; and Documentation and reporting.’

Life- cycle thinking  ‘Mostly qualitative discussion to identify stages 
of the life cycle and/or the potential environmen-
tal impacts of greatest significance e.g. for use 
in a design brief or in an introductory discussion 
of policy measures. The greatest benefit is that it 
helps focus consideration of the full life cycle of 
the product or system; data are typically qualita-
tive (statements) or very general and available-
by-heart quantitative data’ (Christiansen et al. 
1997).

Social life-cycle 
assessment (S-LCA) 

 ‘A social and socio-economic life cycle assess-
ment (S-LCA) is a social impact (real and poten-
tial impacts) assessment technique that aims to 
assess the social and socio-economic aspects of 
products and their positive and negative impacts 
along their life cycle encompassin g  extraction 
and processing of raw materials; manufactur-
ing; distribution; use; reuse; maintenance; recy-
cling; and final disposal’ (UNEP/SETAC 2009).
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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 

Chapter 2
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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 

Production 

Pre-
Production 

Source Design/Planning Policy 

Process (Technologies) 

Packaging 

Post Production 

Use / Consumption 

Waste generation 

Re-cycle  
Treatment & Disposal 

Water Sector 

Livelihoods / Food 
Security 

Energy Sector 

Externalities 

Agricultural & Other 
production systems 

Climate 
Change

Policy
Environment 

Micro
Environment 

Retirement 

Distribution

Fig. 2.1  LCCA framework in nexus approach
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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 
boundaries for drinking water 
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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



30 2 Life-cycle Cost Approach (LCCA): Framework and Concepts

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.

2.6 Methods and Tools of Environmental Impact Assessment
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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



35

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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LCCA Applications in Infrastructure  
and Other Projects: Some Case Studies
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3.1  LCCA Application in Real World

Application of LCCA in the real world is far from perfect. Often, its application 
is limited to specific phases of the life cycle and does not include the environ-
mental aspects. In the case of infrastructure projects, only positive environmental 
impacts are valued and incorporated as benefits. It is rare to find an all-inclusive 
study that combines all the cost parameters, energy use and implication on the 
life-cycle performance. Project selection, however, requires an integrated evalu-
ation of an energy-saving infrastructure. For instance, the life-cycle analysis of 
energy-efficient buildings accounts for energy savings when compared with other 
alternatives. At the same time, it may not include the benefits from the savings or 
mitigating the impacts of greenhouse gases. In most cases, LCCA is adopted in 
infrastructure projects mainly to identify and chose the least cost or cost-effective 
project from the available alternatives.

The least cost options are not necessarily environmentally sustainable options, 
particularly since green technologies can be more expensive, at least initially. 
In the context of applying LCCA to natural resource management, the external-
ity aspects are being incorporated of late. These include externalities associated 
with water savings, use of chemical fertilisers and manure. Often these estimates 
are based on assumptions that are not location specific. The studies limit them-
selves to estimating the magnitude of such externalities based on assumptions 
rather than measuring and valuing them for each case. This provides the second 
best assessment of the environmental impacts associated with the natural resource 
management.

In the case of infrastructure, projects that are associated with service delivery 
do not integrate environmental impacts and their related externalities. The studies 
dealing with public services like water and sanitation appears to be more effective 
when they tend to assess the changes in lifespan of the projects. At the same time, 
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they limit themselves to making comparative assessments of different technologi-
cal options. Environmental impacts of these technologies are often not integrated 
into these assessments.

3.1.1  Data Requirements and Limitations

Most of the studies adopt the standard life-cycle costing concepts and components. 
The cost components include infrastructure costs, replacement costs and mainte-
nance costs. The detailed composition of these cost components makes it difficult 
to get data, as some of the cost components are neither available nor allocated 
in the real world. Hence, these costs need to be incorporated by using assump-
tions or some kind of guesstimates while evaluating the new projects. In the case 
of post-evaluation, these costs need to be culled from the old records, which is 
cumbersome. Besides, the old data may not be in the desired format. Nevertheless, 
post-assessment provides insights into how cost components could be assessed in 
the new projects (Reddy et al. 2012).

Thus, availability of data in an appropriate form is a prerequisite for the adop-
tion of LCCA in a comprehensive manner. The main challenge is obtaining the data 
pertaining to environmental aspects at the national, regional and sub-regional level. 
Such data are not available in the developing countries. Initiating the data collection 
process needs to be treated as a priority. The challenge is to identify various indica-
tors of environmental impacts associated with various sectors. The comprehensive 
and complex nature of information makes the collection not only difficult but also 
costly. A consultative process is necessary for establishing the most appropriate 
database for adopting LCCA in the specific country. Moreover, some countries may 
need financial support to initiate and set up a data collating agency or data bank.

3.1.2  Profile of the Projects

Typically, the infrastructure projects where LCCA is adopted include construction, 
roads and power sector. A comparative assessment of different methods of construc-
tion, materials used, technologies adopted, etc. is carried out in order to identify best 
options. Adoption of LCCA in infrastructure projects is limited to developing coun-
tries. The assessments are carried out mainly to identify the cost-effective alterna-
tives prior to investment decisions. In most cases, the assessments are limited to the 
cost components of the life cycle and do not include the environmental impacts, and 
hence, these could be categorised as LCA studies rather than LCCA studies.

The natural resource-based projects where LCCA is adopted include mainly 
water, crops and biofuels. Of these, water-related projects focus on sustainable ser-
vice delivery in the drinking water sector. Per unit costs of different technologies 
are assessed in a post-project approach. These provide information on actual costs 
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for various components in realistic manner. At the same time, these assessments 
are limited to LCA and do not include the environmental impacts associated with 
drinking water. Crop-related projects are more comprehensive in adopting LCCA. 
Contrary to infrastructure projects, the main aim of crop-related assessments is to 
identify and assess the environmental impacts. Interestingly, most of these studies 
are from developing countries. In the following section, some important and rel-
evant case studies are presented.

3.2  Case Studies

3.2.1  Infrastructure Projects (Construction, Roads, etc.)

Case Study (a): Kneifel, Joshua  (March 2010). Life-cycle carbon and cost 
analysis of energy efficiency measures in new commercial buildings. Energy and 
Buildings, 42(3): 333–340.
In this case study, a prototypical building is used for a comparative assessment of 
three design alternatives, viz. using different levels of energy efficiency standards. 
The energy efficiency designs vary in terms of insulation material, windows, thick-
ness of the walls and roof decks. It is expected that the low-energy design would 
save up to 25–30 % energy when compared to earlier standards.

3.2.1.1  Approach

A whole-building design approach is adopted including life-cycle assessment 
along with energy simulations of the design. Cost implications are derived using 
the life-cycle cost analysis. Cost components include building construction costs 
for various works, including the contractor and architect fee; maintenance, repair 
and replacement costs.1 These costs are taken from the reference manual. In the 
case of new components, repair costs are assumed 1 percentage of the costs. 
Energy costs are estimated using the energy consumption data and fuel and natural 
gas rates or the retail price of energy.

Using this cost information, the study has computed life-cycle costs for three 
different building designs. While the ASHRAE 20.1–2004 is considered the base 
case, the two alternatives are ASHRAE 20.1–2007 and the low-energy case (LEC) 
designs. The cost difference between the base case and the alternatives provides 
the net savings. Moreover, the internal rate of return is estimated for all three 
cases. The higher the difference between internal rate of return and market rate of 
return (interest rate), the most preferred the energy-saving design.2

1 Whitestone Research and Building Maintenance and Repair Cost Reference are used for these 
costs.
2 NIST’s BEES software is used to compute the life-cycle costs for the building design 
alternatives.

3.1 LCCA Application in Real World
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3.2.1.2  Results

The results indicate that LCCA provides a comprehensive cost estimate, as operat-
ing costs are often not included. LCCA also provides a strong rationale for making 
appropriate investment decisions that is sustainable in the end. The comparative 
cost assessments show that energy-efficient buildings tend to be cost-effective as 
the life of the building increases for the energy-savings measures are capable of 
reducing carbon emissions by 32 % over a period of ten years. This calls for a 
systematic and all-inclusive approach looking at various available design options.

Case Study (b): Krützfeldt, Gerard. (September 2012). Life-cycle costing and risk 
management: the influence of uncertainties on Dutch transportation infrastruc-
ture projects. MSc Thesis Report for Construction Management and Engineering, 
Faculty of Civil Engineering and Geosciences, Delft University of Technology.

This case study presents alternative transport options in a specific location in 
the Netherlands in order to reduce traffic congestion and improve quality of life. 
The LCCA performed in this case incorporates the risk-based analysis pertaining to 
consumer delays and the related social impacts. The assessment was carried out for 
three alternatives, viz. a fully immersed tunnel, a bridge and a semi-underground 
tunnel with the assumption that the benefits from these alternatives are the same.

3.2.1.3  Cost Components

Investment costs and maintenance costs are the broad cost components. 
Investment costs include construction costs, property costs, engineering 
costs, other additional costs and costs associated with risk and uncertainties. 
Maintenance costs include asphalt, tunnel technical installations (TTIs), concrete 
work, other additional costs and risk and uncertainty related costs. It is assumed 
that construction and additional costs will take place between 2014 and 2016, and 
engineering costs between 2012 and 2016. Property costs are taken at 2012 to 
2015 rates. Quantities and unit costs are estimated using cost data and expert opin-
ions. Construction is expected to be completed by 2017.

For estimating the net present values (NPVs), an economic life of 30 years 
is assumed and a discount rate of 2.5 %, which could go up to 10 % (as per the 
contractors /market rate). It is assumed that major replacement will take place 
only during year 30. NPV is calculated as of 1 January 2012. Value added tax 
(VAT) of 19 % is included in the total cost. Straight-line depreciation over life-
time is used, and residual costs are assumed zero at the end of technical lifetime 
(100 years).

Including user delay (traffic delays) costs in the LCCA serves as a basis for 
comparison between alternatives. Different scenarios are built around this using 
various assumptions such as state of the economy (strong/weak), value of time and 
estimation of number of persons per vehicle. Since data are not available on future 
indicators, broad assumptions are made using present trends. Similarly, some risks 
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are expected due to fire, closure for reconstruction activities affecting user delay 
costs.3

3.2.1.4  Analysis

It is observed that LCC provides reasonable results after incorporating user 
delay costs (level II); cost of failure and additional future risks using probabilis-
tic estimations (level III). At the same time in the event of uncertainties, it would 
be difficult to make rational decisions within the context of social, political and/
or environmental issues. However, the level of details should be good enough to 
decide on maintenance strategies, which is prerequisite for calling bids. Though 
user delay costs could be excluded when their share is marginal in the total costs, 
it is argued that inclusion of these costs could yield interesting opportunities to 
improve design, develop maintenance strategies, and more important, to provide 
insights into maintenance contracts, possibly an indirect benefit of LCCA.

It is observed that discount rates could influence LCCA estimates substantially. A 
low discount rate could lower annual expenses and enhance the viability of the pro-
ject. Lower discount rates are preferred in the case of environmental and social pro-
jects. And higher discount rates would result in the opposite. Often different discount 
rates are used for different types of industries, markets, commodities, etc. Interest and 
net inflation rates can also be used as discount rates. Using a sensitivity analyses on 
different rates (ranging from low to high) is preferred prior to investment decisions.

Life of the project has major influence on costs. Number of factors  influences 
the lifespan of the projects or systems. These include physical stress/load, chemi-
cal degradation, environmental effects (natural disasters), human behaviour, leg-
islation effects, politics and other risks. High unpredictability of some of these 
factors not only makes assessment of economic lifetime difficult but also makes 
the economic lifetime shorter than the expected or normative lifespan. For 
instance, functional capacity is changing faster than technical requirements (eco-
nomic growth is changing faster than rising sea levels). For the purpose of LCC, 
either technical life (50, 80 or 100 years) or an economic life can be used. Both 
can be used separately to perform sensitivity analysis.

3.2.1.5  Results and Discussion

LCC can serve as an effective tool that looks at not only benefits, but also 
 considers environmental and social effects, deterioration factors, obsolescence 
drivers and political contexts in addition to costs. However, it may be noted that 
LCCA is not a silver bullet or an all-encompassing problem-solving technique 
or tool. A primary shortcoming is the sensitivity analysis where equal weight is 

3 Probability of failure obtained from Infrastructure Department.

3.2 Case Studies
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accorded to all cases irrespective of the probability of occurrence. Though this is 
not realistic, they can provide comparative insights.

The comparative analyses of three alternatives in the present case, alternative 2, 
the bridge, is the most cost-effective one in the context of a life-cycle cost analysis. 
Alternative 2 should be the preferred option irrespective of the discount rate used. 
Interest rates and maintenance tend to influence results heavily in the case of the tun-
nel. Alternative 2 (bridge) is found to be the most cost-effective in both investment 
and maintenance costs. And, its NPV is lower than all the others are. Cost per year 
analysis indicates that interest rates account for much more regarding fixed costs of 
the bridge. Maintenance still accounts for a large percentage, so it should still be 
regarded, as there are some cost items in maintenance activities that incur large costs.

When uncertainties pertaining to cost and quantity using the probabilistic esti-
mation method (level III) are included, the technical installations provide the most 
critical (both in terms of costs and quantities), followed by their replacement, etc. 
The tunnel technical installations (TTIs) should be the main focus of attention as 
they contribute the most to the LCC and therefore explain high costs in mainte-
nance activities. Increase in cost of maintenance activities is observed due to 
increase in labour costs, rise in oil prices having an impact on asphalt and others. 
The largest cost contributors are maintenance, interest and depreciation. This is due 
to the above-mentioned TTIs and other expensive items in maintenance activities.

It is observed that reducing the life-cycle analysis can increase level of confidence 
and the Monte Carlo analysis should be done with a fixed risk-free discount rate. This 
means the NPV remains unchanged. When looking at discounted cash flows for calcu-
lation of NPV, the residual value is subject to the period of analysis. In practice, public 
infrastructure projects have no resale value, unlike other types of private organisations 
or industries where the concept of salvage value has more importance. Interest rates 
account for a larger share in the fixed costs of the bridge. Maintenance still accounts 
for a larger share in the total cost and hence needs attention. However, the higher the 
interest rate, the less effect other costs will have on total fixed costs. For example, an 
interest rate of 8 percentage constitutes more than 50 % of the total fixed costs for both 
cases, whereas the other costs now contribute less to the total percentage.

3.2.2  Natural Resource-Based Projects (Drinking Water and 
Sanitation (WASH), Crop Systems, Bioethanol, etc.)

Case Study (a): Iraldo, Fabio, Testa, Francesco, Bartolozzi, Irene (2014). An applica-
tion of Life Cycle Assessment (LCA) as a green marketing tool for agricultural prod-
ucts: the case of extra-virgin olive oil in Val di Cornia, Italy. Journal of Environmental 
Planning and Management, 57(1): 78–103. doi:10.1080/09640568.2012.735991.

This case study assesses the potential environmental impacts of Val di Cornia 
extra-virgin olive oil and of its production chain using LCCA with an aim to combine 
eco-friendly production processes and competitive advantages for local producers. In 
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addition, the case provides a pilot experience for a local environmental qualification 
scheme to support local policies for sustainable production and consumption patterns.

3.2.2.1  System Boundaries

Since the focus was on the environmental impacts of the production cycle, the anal-
ysis is restricted to a ‘cradle-to-gate’ analysis and the system boundaries include the 
processes within the agricultural and olive processing stages (Fig. 3.1). In the farming 
stage, all crop activities from ploughing, application of fertilisers, pesticides, harvesting 
and transporting are included. The externalities associated with the production process 
are taken into account. These include production and transportation of the chemical 
inputs, water, fuel and energy. The diffused emissions due to fertilisers and pesticides 
were calculated. The carbon balance of the olive groves was also included. Pruning 
residues are either burned for home heating or shredded and spread on the fields. Solid 
waste produced in this stage consists mainly of the plastic packaging of the chemicals 
used. The olive milling process involves energy and water consumption. Finally, extra-
virgin olive oil and pomace are produced and sold to a treatment factory and processed 
for energy use. The olive mill wastewaters are usually treated as liquid waste.

3.2.2.2  Approach

The study is based on a sample of seven olive growers covering 2.2 % of the 
total area under olive crop. A structured questionnaire was used to collect the 
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information on crop production. Estimates of emissions are arrived at using the 
secondary sources. Non-renewable fossil energy consumption was evaluated using 
cumulative energy demand method. A kg extra-virgin olive oil is used as a func-
tional unit. All the inputs and emissions are standardised per kg of extra-virgin 
olive oil. These include water consumption, energy consumed, waste produced 
and emissions, at the production and processing stages. Since extra-virgin olive 
oil and pomace are coproducts, environmental impacts were accordingly allocated 
economically.

3.2.2.3  Results and Interpretation

Impacts are observed in all categories at the agricultural production stage of 
olive oil. Chemical inputs or components (pesticides) are the main contributors 
through acidification, eutrophication and water consumption impact categories. 
Fuel consumption in the farming operations also contributes to the degradation of 
non-renewable energy sources. It is argued that environmental impacts could be 
reduced through cutting down on the use of pesticides and fertilisers. Similarly, at 
the processing stage, use of wastewater as fertiliser could provide significant envi-
ronmental benefits. The sensitivity analysis suggests that the scenario where reuse 
of pruning residues and wastewater from processing as fertilisers provides the 
maximum benefits when compared to other scenarios where neither of the prac-
tices are followed (worst case) and either of the practices is followed (second best).

Case Study (B): Sawaengsak, Wanchat, Silalertruksa, Thapat, Bangviwat, 
Athikom, and Gheewala, Shabbir H (2014) Life cycle cost of biodiesel production 
from microalgae in Thailand. Energy for Sustainable Development, 18: 67–74.

This case study by adopting LCCA evaluates the economic feasibility of bio-
diesel production from microalgal oil and other high-value chemicals in both open 
ponds and closed photo-bioreactors in Thailand. Biomass-based liquid fuels such 
as biodiesel and bioethanol are good substitutes for petroleum-based fuels. While 
there is competition for land between food and biomass production in arable lands, 
degraded lands open up avenues for exploring the potential for biomass-based fuel 
production. Microalgae are among the potential sources of biodiesel though it is 
used to produce nutritional food, viz. algal meal, omega-3 and fatty acids, in coun-
tries such as Thailand. One important issue in this regard is achieving least cost 
options in terms of capital and operational costs.

3.2.2.4  Materials and Methods

The study site is a commercial algal facility located in Chiang Mai province in 
the northern region of Thailand. The study provides a comparative picture of open 
pond and photo-bioreactor algae farms. The lifespan of the plant equipment is 
assumed to be 15 years with a production target of 720,000 l per year (assumption). 
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Additionally, using microalgal residue as aquaculture feed is also considered by 
comparing anaerobic digestion in terms of annual profitability. The process used to 
refine the oil and produce biodiesel is assumed the same as that used for the produc-
tion of biodiesel from palm oil in Thailand. The algal oil is transported for biodiesel 
production over a distance of 32 km.

The following four scenarios were examined: (1) a base case of pond system 
(without omega-3 fatty acid production), (2) an alternative case of pond system (with 
omega-3 fatty acid production), (3) a base case of photo-bioreactor system (without 
omega-3 fatty acid production) and (4) an alternative case of photo-bioreactor system 
(with omega-3 fatty acid production). The base case of two systems is projected to 
produce 720,000 l of biodiesel per year along with glycerine at 62.2 tons per year 
as a by-product. The alternative case is projected to produce 432,053 l per year of 
biodiesel plus 239.02 tons of omega-3 fatty acids and 37.3 tons of glycerine per year.

Capital and operating costs are obtained from secondary sources. The costs 
are converted to Thai Bahts and adjusted to 2012 prices using the annual infla-
tion rates. Maintenance costs are assumed at 2 percentage of the capital cost, inter-
est rate at 7.31, 30 % as contingency, depreciation at 6.7 % and tax rate is 20 %. 
Capital is borrowed for a ten-year period.

3.2.2.5  Results and Discussion

It is assessed that of the two options, photo-bioreactors have an advantage over 
raceway ponds with respect to land and water requirements. On the other hand, 
electricity required for photo-bioreactors is significantly greater than raceway 
ponds. Capital costs are higher than operating costs for both the alternatives. 
Despite the fact that alternative case can obtain more income from the sale of 
by-products, it is not enough to make it profitable. Due to high annual operating 
expenses, the cost of biodiesel production is substantially higher compared to the 
current biodiesel market price. However, the net present values turned out to be 
negative for both the alternatives. It shows that the commercial algal biodiesel pro-
duction is not profitable even after selling omega-3 fatty acids. Financial feasibil-
ity of photo-bioreactor is substantially lower than raceway ponds due to the higher 
capital investment as well as much higher operating cost from electricity.

Given the difference between market price of biodiesel (28.8 THB/l) and algal 
biodiesel (68 THB/l), the latter is not economical. Only by reducing the costs by 
50 % along with tax exemptions would the production of algal biodiesel be eco-
nomically viable. Production costs could be reduced by increasing production 
through adoption of new technologies or improvement of productivity of algal bio-
mass. Positive net present values with reasonable rates of return are only possi-
ble with moderately high yields (134 kg/ha) and lipid concentration coupled with 
higher crude oil price and subsidies.

Case Study (c): Gathorne-Hardy, Alfred  (2013) A Life Cycle Assessment of 
Four Rice Production Systems: High Yielding Varieties, Rainfed Rice, System of 

3.2 Case Studies
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Rice Intensification and Organic Rice. International Symposium on Technology, 
Jobs and a Lower Carbon Future: Methods, Substance and Ideas for the Informal 
Economy (The case of rice in India); India International Centre (Annexe), 40, Max 
Mueller Marg, New Delhi, 13-14, June 2013.

Agriculture is directly responsible for about 10–12 % of global greenhouse gas 
(GHG) emissions and indirectly for roughly another 10 %. This case study uses 
LCCA to assess the water use and the energy requirements of four different rice 
production technologies—intensive flooded high-yielding varieties (HYV), rainfed 
rice, systems of rice intensification (SRI), and organic rice.

3.2.2.6  Approach

Survey methods were used to collect data from three different locations in the 
semi-arid regions of South and East India covering the four rice-growing methods. 
System boundaries and functional unit are defined (Fig. 3.2). One kg of paddy at 
the farm gate is set as a functional unit. System boundaries (within the red line) 
include the entire production process including embodied energy and emissions. 
Methane emissions from livestock and indirect land use changes are optional. On 
the other hand, embodied water used for energy and machinery, embodied water 
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not used for irrigation, embodied energy/GHG from farm buildings and machinery 
are not included in the system boundaries.4

3.2.2.7  Results and Discussion

There is no significant difference in the GHG emissions associated with paddy 
production between the different production systems investigated: all produce 
approximately 1 kg CO2-eq for each kg of paddy. Water management and reduc-
ing the demand for water reduces embodied GHG and energy demands as well 
as potentially reducing groundwater-based GHG emissions. It is observed that 
switching to System of Rice Intensification (SRI) method could reduce CH4 emis-
sions if excessive FYM is not applied. While converting to SRI would reduce 
water requirements per kg of paddy, there is no significant reduction in the total 
water extracted per hectare. Improving transmission and distribution efficiencies 
would produce substantial savings in GHG emissions. Emissions from organic rice 
are equivalent to that of HYV in most instances. Organic production showed the 
highest nitrogen-use efficiency compared to all other systems. There is a chance 
that in order to maintain yields, additional FYM inputs would be needed, with the 
inevitable CH4 emissions. It is concluded that adopting SRI to organic systems 
would yield further gains, with significant energy savings and environmental ben-
efits from reduced pesticides and fertiliser use.

Case Study (d): Reddy, V. Ratna, Venkataswamy, M. and Snehalatha, M (2013) 
Unit costs and service levels: Technology wise. In Sustainable water and sanita-
tion services: The life-cycle cost approach to planning and management. London: 
Routledge, Earthscan.

This case study compares the normative allocations with the actual expenditure 
across technologies used in Andhra Pradesh, India. The actual costs are estimated 
based on the data collected from 187 habitations spread over the nine agro- 
climatic regions in the state for various technologies. The objectives include cost 
of service provision per technology between actual and normative lifespan and 
relative expenditure on different cost components in reality against the agency 
norms. Environmental impacts not included.

3.2.2.8  Approach

The life-cycle cost (LCC) approach is adopted to estimate the actual cost com-
ponents of service provision. The costs assessed here cover the construction 
and maintenance of systems in the short and long term, taking into account the 
need for hardware and software, operation and maintenance, cost of capital, 
source protection, and the need for direct and indirect support costs, including 

4 IPCC (2007) 100-year global warming potentials were used to calculate GHG equivalents.

3.2 Case Studies
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training, planning. Cost data were obtained from the official records of the RWSS 
Department at the district level. These data were triangulated or cross-checked 
with the help of the data generated from the village panchayat (local government). 
The data on operation and maintenance were obtained from the village panchayat 
records.

Capital expenditure has two components, namely hardware (CapExHrd) and 
software (CapExSft). Establishment of water infrastructure, water extracting ele-
ments, purification equipment, storage reservoirs, distribution systems, etc., are 
part of capital expenditure on hardware, while capital expenditure on software 
includes the costs for planning and designing the water schemes at the village 
level. The capital costs, hardware as well as software, are one-time costs.

For the purpose of the present analysis, we have considered only investments in 
infrastructure that are still functional. In most cases, the system or infrastructure 
is non-functional when the source fails beyond rehabilitation, for example, drying 
up or collapse of a bore well. All the capital investments are cumulated over the 
years. Capital maintenance expenditure (CapManEx) is another major expenditure 
for the renewal and rehabilitation of the systems, i.e. replacement of major equip-
ment such as pump sets, bore holes, plant equipment and distribution systems. 
Capital maintenance expenditure is also summed up over the years.

Operational expenditure (OpEx) for the regular maintenance of the systems is 
incurred annually and hence considered as the average of the years for which data 
are available after bringing them to the current year. Expenditure on direct support 
costs (ExDS) is in the form of salaries to the staff, IEC activities, demand manage-
ment initiatives, etc., while expenditure on indirect support costs (ExIDS) is the 
costs associated with macroplanning and policymaking at the national and state 
levels. These costs are estimated based on the data from the planning and budget-
ary documents with the help of some assumptions and expert opinions.

Since capital and capital maintenance expenditure are one-time investments, 
in the past they were converted to current values (2010) using the National GDP 
inflator for the specific years and converted to US dollars using the average 
2010 exchange rate. These costs are annualised using the normative lifespan and 
observed lifespan of the systems. The data on normative lifespan are provided by 
the department, which is nothing but the expected lifespan of a specific compo-
nent. The observed lifespan is the actual number of years the system (major com-
ponent) lasts.

In the case of departmental cost figures, the latest (2010) estimates for differ-
ent systems are considered. Estimates are provided for single and multi-village 
schemes separately. Since the actual costs include both these sources, in most 
cases, the average of both is taken. The official cost estimates do not include the 
salary component of the direct support costs (ExDS) and the indirect support 
costs (ExIDS). These two components, which are estimated using budget data, are 
added to the official norms in order to make them comparable with the actual costs 
based on our estimates.

The existing technologies prevalent in the rural water supply include hand 
pumps (HPs), direct pumping (DP) or mini-piped water supply (MPWS), 
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single-village schemes (SVS) and multi-village schemes (MVS). These technolo-
gies are used in 107 of the 187 sample villages, while the remaining sample vil-
lages use different combinations of these four technologies.

3.2.2.9  Results and Discussion

Fixed costs include the capital expenditure on hardware (infrastructure) and soft-
ware (planning and design). When the per capita sum of (cumulative) capital 
costs is taken into account, multi-village schemes are, relatively speaking, the 
most expensive of the pure technologies. Hand pumps are the cheapest, followed 
by DP/MPWS and SVS. Per capita costs are more in the case of villages that are 
served by multiple schemes. However, cost differences are statistically significant 
only in the case of hand pumps and the combination of MPWS + SVS + MVS. 
That is, the per capita costs of hand pumps are significantly cheaper, while those 
for MPWS + SVS + MVS are significantly higher when compared to the other 
technologies. The differences in the per capita costs among the pure technologies 
(MPWS, SVS and MVS) are not significantly different (Fig. 3.3).

Annualised unit costs were calculated for normative as well as observed life 
of the schemes. While the normative unit costs reflect the ideal conditions of 
good asset management, observed unit costs represent the actual picture in the 
present management system. The normative lifespan is worked out on the basis 
of economic and useful life of the systems, while the observed lifespan is the 
life of the systems in reality. The normative lifespan data are provided by the 
department (RWSS). Future service delivery requirements and their cost norms 
are arrived at by the department on the basis of the normative lifespan of the 
systems.

The observed lifespan is often found to be lower because the systems break-
down frequently due to lack of maintenance or due to the hydrogeology of the 
region (bore well failure). Moreover, poor design and implementation also speed 
up the decay of the systems. Similarly, in the case of new systems where break-
downs are few, the observed lifespan could be lower, pushing the costs up.

HP MPWS SVS MVS
MPWS+

SVS
MPWS+

MVS
SVS+M

VS

MPWS+
SVS+M

VS

CapExHrd 29 42 48 51 58 46 53 79

0
20
40
60
80

100

U
S$

/C
ap

ita

Fig. 3.3  Capital (cumulative) expenditure per capita across technologies

3.2 Case Studies



52 3 LCCA Applications in Infrastructure and Other Projects: Some Case Studies 

3.2.2.10  Recurrent Costs (CapManEx, OpEx, ExIDS, ExDS)

As far as pure technologies are concerned, the recurring costs range between 
US$0.9 per capita per year in the case of HPs and US$2.8 in the case of MPWS 
(Fig. 3.2). Recurring costs of single and multi-village schemes are same, at 
US$2.5 per capita per year. The unit costs are as high as US$6.3 per capita per 
year in the case of a combination of three technologies. These cost differences are 
marginal and significant statistically only in the case of HPs and the combination 
of three technologies (MPWS + SVS + MVS).

Hand pumps are the cheapest even in terms of recurring costs. The high unit 
costs in the villages that are served with a combination of technologies could be 
due to the multiple schemes that need maintenance. This is because all the tech-
nologies are functional and hence incur operation and maintenance costs along 
with other recurring costs. In some cases, the villages are upgraded to multi-vil-
lage schemes due to political reasons though they may not be in need of improved 
service levels; and the unit costs of the combination of three technologies 
(MPWS + SVS + MVS) are significantly higher than that of the other technolo-
gies. The observed differences in unit costs are not, however, significantly differ-
ent between any of the pure technologies (Fig. 3.4).

3.2.2.11  Unit Cost Versus Service Provided Per Technology

More than 50 % of the households receive basic and above service in terms of 
quantity, quality and reliability (Fig. 3.5). Accessibility, measured in terms of the 
time spent on fetching water, appears to be a major concern irrespective of the 
technology used. At the highest level, only 36 % of the households spend less than 
30 min a day fetching water (receiving above basic service) in the case of villages 
that have three technologies functioning simultaneously (MPWS + SVS + MVS). 
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Accessibility is the lowest among MVS and HP villages. Unit costs would go 
up in the case of low accessibility when opportunity costs of time are taken into 
account. Service levels are poor for all indicators in the case of HP villages. 
Among the pure technologies, SVS is providing better service in terms of all the 
indicators except quality followed by MPWS, while MVS villages compare poorly 
with both these technologies in all the indicators except quality, which is slightly 
better than that of SVS. The centralised distribution systems of MVS do not seem 
to be efficient in service delivery, and the differences in service levels are not  
statistically significant in most cases, especially among the pure technologies.

However, as mentioned earlier, the differences in unit costs are not very differ-
ent among these technologies, except that HP is the cheapest and the combination of 
three technologies (MPWS + SVS + MVS) is the most expensive. When unit costs 
are plotted against the service levels, it is clear that while HP is associated with poor 
service levels, the most expensive technology provides only marginally better service 
in the case of quantity, quality and accessibility. On the other hand, SVS and MPWS 
provide relatively better services when compared to MVS. It may be noted that better 
quality and accessibility is also associated with buying water. In the absence of buying 
water, MVS would do well in terms of quality, due to its dependence on surface water 
sources. While these service levels are based on the proportion of households receiv-
ing a specific level of service, the actual cost of provision in terms of cost per unit of 
water is not captured here. Since the cost per unit of water is an important indicator 
while comparing the technologies, this aspect is covered in the following section.

3.2.2.12  Cost Per Unit of Water

Total water consumption for the year under each technology is compared with 
the annualised cost per capita for the specific technology. The ratio between the 
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annualised cost and the annual water use of the habitation gives the cost per unit of 
water. While the per capita service level is not very different across the technolo-
gies, especially the pure technologies, the cost per unit of water, at the aggregate 
level, varies (Table 3.1).

The cost per unit of water is the lowest in the case of hand pumps and highest 
in the case of MVS as far as pure technologies are concerned in terms of norma-
tive as well as observed lifespan of the systems. While costs in HP-dependent vil-
lages are low, their service levels are also low, especially in terms of reliability and 
accessibility. Single-village schemes appear to be the best of the lot with better 
service indicators and relatively low costs, in terms of the cost per capita per year 
as well as the cost per unit of water. On the other hand, MVS has relatively higher 
unit costs with low service levels when compared to MPWS.

The cost estimates using the life-cycle costs approach (LCCA) bring out the 
following important issues: Across the technologies, the average unit costs are 
about three times lower for hand pumps. Multi-village schemes are relatively more 
expensive though the cost differences are not statistically significant. Multi-village 
schemes are associated with high (cumulative) capital costs with wide variations. 
Cost composition as well as their shares varies across locations. Cost composition 
is presently focused on infrastructure to the neglect of other important components 
such as source protection, capital maintenance and quality. All the technologies 
are associated with high recurring costs when compared to hand pumps, especially 
the operation and maintenance costs. On the other hand, capital maintenance costs 
are more in the case of SVS and MPWS schemes. As far as service levels are con-
cerned, hand pumps provide poor services in terms of reliability, accessibility and 
quality. Moreover, hand pumps are not the commonly used technology, as they 
are used mostly to cope with scarcity conditions. At the policy level also, it is not 
a policy option due to the low preference at the community level. Single-village 
schemes perform better in the case of service levels in terms of all four indicators. 
Multi-village schemes are expensive even in terms of cost per unit of water despite 
their larger coverage of population. There is no clear relation between unit costs 
and service levels (quantity, quality, accessibility and reliability) between zones 
and technologies. The analysis suggests that allocations towards capital mainte-
nance could help in reducing the gap between normative and observed lifespans.

While the approach of unconditional allocations towards provision of water in 
rural areas may be easier administratively and might benefit the low-cost regions, 
it would result in a less than desirable level outcome in the high-cost regions. 
There is need for rethinking on the policy of blanket or uniform allocations across 
the zones on the basis of the norms fixed at the state level. Added to this are the 
intra-village variations across socio-economic groups and geographical locations.

Multi-village schemes are not necessarily the best available option. In fact, 
single-village schemes appear to be more efficient despite all their drawbacks. 
One reason for this could be that the operation and management of multi-village 
schemes is split between contractors and the village panchayat. The village pan-
chayat does not have the control over the quantum of water released and the time 
of release. On the other hand, the village panchayat is in full control of the system 
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in the case of single-village schemes. Though the management problems at the 
village level are same for both the schemes, SVS are plagued with the additional 
problems associated with source sustainability, water quality, etc.

It would be better to address these issues and strengthen the SVS rather than 
moving towards multi-village schemes, which are not efficient. What is more, 
MVS also will have source sustainability problems associated with climate change 
(IPCC 2008). In either case, source sustainability needs to be addressed effectively 
and management becomes easier in the context of single-village schemes with bet-
ter planning. Further, there is need to revise the allocations to the sector in terms 
of magnitude and composition in the lines suggested here. LCCA is one tool that 
can help in achieving water security at the household level through judicious allo-
cations towards source sustainability or source protection, water quality, capital 
maintenance, etc. It facilitates comprehensive planning with a pragmatic and inte-
grated water resource management approach to rural water service delivery.

3.3  Good Practices of LCCA

As we have seen from the case studies, adoption in these studies or cases is not 
comprehensive enough to address various dimensions of sustainable development 
or green economy. This is mainly due to the difficulties in obtaining information 
on various aspects. This is more so in the case of environmental impacts. Only the 
recent studies have been more inclusive in this regard, though they too assess the 
impacts in the restricted boundaries. On the other hand, no studies deal with all 
three aspects of sustainability—economic, environmental and social. Addressing 
all three aspects is clearly a difficult task to achieve given the complexities of 
assessing all three aspects, and hence, finding an ideal LCCA application is a chal-
lenge practically. In this regard, good practices could be identified as those that 
follow the processes of LCCA.

The first step in adopting LCCA is to scope the possible linkages in the produc-
tion process of a selected system. These should include economic, environmental 
and social aspects. Define the boundaries in which the assessment can be made 
scientifically and realistically given the data and other constraints. Though it may 
not be possible to assess the impacts monetarily in some cases, it would be good 
to mention those aspects and their expected impacts on the outcomes, positive or 
negative. This is critical from the social dimension, as these impacts need to be 
conveyed to the main stakeholders in the process.

Providing the structure of costs and their components is the next important 
step. Life-cycle costs are broadly divided into acquisition and sustaining costs. 
Identifying different components of these costs is a challenge. Barringer (1998) 
provided an 11-step process for identifying and including all the appropriate 
costs under the two broad cost categories. Here, we present one such detailed 
process followed in a case study from Singapore where a whole life-cycle cost 
approach was adopted (Sreenivasan 2013). It may be noted that here ‘good 
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practice’ does not mean comprehensive or all-inclusive approach but limited to 
following a process.

The approach was followed in order to deliver life-cycle replacement on the 
New ITE College West, Singapore. This case study provides the process fol-
lowed for the New ITE College. The objective of the assessment was to offer 
‘value for money’ through optimum combination of whole life cost and qual-
ity to meet the user requirements. This approach helped to produce integrated-
design solutions.

Following an integrated approach is critical in the process. This integration was 
attained between construction contractor, facilities manager and life-cycle advisor, 
which can ensure an integrated solution. This also helps in checking double count-
ing and demonstrating value for money strategy. The key elements are the quanti-
ties and the prices provided by the cost planner. Besides, risk, uplift for work in 
the existing building, management fees and design fees for M&E work are taken 
into consideration. Replacement cycles are determined through supplier warran-
ties, in house expertise, benchmarking and published data.

This approach is expected to (1) bring in best whole life value for money 
through numerous component options; (2) reduce risk by in-depth analysis of 
future costs; (3) ensure a competitive price via supply chain expertise and feed-
back from existing concessions; (4) provide optimum solutions and avoid any 
double counting; (5) ensure minimal disruption; (6) offer technological upgrades 
specifically planned and priced; and (7) achieve pricing transparency.

3.4  Constraints and Challenges in the Application of LCCA

Despite its importance, application of LCCA remains limited and is mostly under-
taken at the early stages of procurement (Clift and Bourke 1999) and limited to 
construction (Wilkinson 1996; Sterner 2000). The reasons for this are practical as 
well as political. Often, capital costs and operating expenditure are met by differ-
ent parties and there is no incentive on behalf of those responsible for construction 
to reduce the subsequent costs-in-use (Bull 1993).

Two other important reasons are the shortage of LCCA data and the complexity of 
the LCCA exercise. One of the main reasons for this is the lack of any frameworks or 
mechanisms for collecting and storing the data (Clift and Bourke 1999). The estima-
tion of the life-cycle costs itself is too complex to calculate manually. Further, fixing 
appropriate discount rate is also a complex issue, as the discount rates could be dif-
ferent for different components depending on its nature—environmentally or socially 
beneficial processes or technologies need to apply lower rates of discount. All the 
costs must be discounted, added up and projected over the building’s life cycle for 
each alternative design. Complex interrelations between different types of costs and 
elements might make it difficult to select the best possible option, as improvements 
in one area might have negative effects in others (Bakis et al. 2003). Some of these 
shortcomings are critical and serious in nature to the extent of questioning the validity 
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and practicability of LCCA approach. At the same time, the advantage of the com-
prehensive approach is increasingly realised and the way forward is to work towards 
reducing the limitations of the approach.

Environmental issues are increasingly gaining attention of policymakers in the 
developing countries, though they are yet to get into the top priority list. Political 
economy factors constrain the promotion of environmental issues as apriority. As a 
result, environmental issues are often pushed through ‘command and control regula-
tion’ policy instruments. The experience with the implementation of these command 
and control instruments has not been encouraging in the absence of complementary 
inter-sectoral policies. Of late, voluntary approaches are being considered as effec-
tive policy instruments to compliment the traditional command and control measures 
(Iraldo et al. 2014). The increasing demand from consumers for environmentally safe 
products and services is pushing the industry to address environmental issues volun-
tarily. Others include the use of incentive and disincentive structures for promoting or 
polluting environment and through negotiated agreements with private sector.

There is an urgent need to promote environmental issues in developing countries. 
Some of the environmental impacts are clearly resulting in unsustainable and irre-
versible damages (e.g. water, forestry and other common pool resources). Climate 
change impacts have further hastened the process of degradation. The degradation 
of resources coupled with the interlinkages between different sectors is resulting in 
strident constraints on basic amenities such as water, sanitation and power. And they 
are directly affecting the food security in developing countries, especially vulner-
able regions such as rainfed areas. The linkages between unsustainable resource-use 
patterns and the sustainability of basic amenities and food security are only vaguely 
understood at the policy level. At the same time, unsustainable service delivery of 
basic amenities and unstable food security are putting pressure on policymakers to 
improve services and promote sustainable resource-use pattern. Hither to, the policy 
reactions to the problems have been in the nature of managing the problems in the 
short run rather than solving the problems in the end. This requires a systematic and 
scientific approach with judicious planning.

The development experience so far has been that issues or problems are taken 
up or solved in isolation. Given the interconnectedness of different sectors or sub-
sectors within a particular sector, there is need for a systems approach. In most 
developing countries, there are no guidelines for project appraisal. In fact, in the 
case of public infrastructure projects, project appraisals are hardly carried out, 
though ex-post-evaluations are most common. Over the last decade or so environ-
mental impact assessments are being made mandatory in large-scale projects (pub-
lic as well as private) such as irrigation, mining and power. Of late, environmental 
or natural resource impacts find place in ex-post-evaluation of public-funded pro-
jects such as watershed development. But they are not comprehensive enough to 
incorporate environmental sustainability issues. One reason is that there are no 
guidelines on how to go about environmental impact assessments, though they are 
mandatory for getting approvals. As a result, environmental impact assessments 
are carried out as a formality rather than to achieve any objective(s) (say sustain-
able development).
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The result is that the appraisals or evaluations remain partial in terms of 
addressing the interconnected issues and keep shifting the problem from one 
sector to another. As revealed in this review, LCCA is one of the most compre-
hensive tools used to assess the environmental impacts of a product or service. 
LCCA can be used to compare different technologies not only on their financial 
or economic merits, but also on their impacts on environment or natural resources. 
Combining economic and environmental impacts provide net returns to the tech-
nology. This provides the basis for selecting sustainable technologies/products/
services. Moreover, it is shown that adoption of LCCA is also capable of ensuring 
sustainable services and food security. This could be achieved not only due to the 
interlinkages between basic services and natural environment but also due to its 
approach to costing.

The merits of LCCA in addressing environmental impacts are well recog-
nised at the international level. Following the UN life-cycle thinking initiative, 
number of European countries has initiated policy commitments to adopt LCCA 
(Finnveden et al. 2009). Its adoption in developing countries is yet to take shape. 
Apart from low priority for environment at the policy level, awareness about 
LCCA itself is very limited. The adoption of LCCA in the private sector is also 
quite low in the absence of any policy guidance or regulations. At the same time, 
there is increasing awareness about environmental issues among consumers 
though the demand for such goods and services is quite limited due to high envi-
ronmental premiums (organic foods).

How well do the so-called environmentally safe goods and services (at the con-
sumer level) really contribute to green economy? It is observed that excess use 
of manure in the System of Rice Intensification (SRI) would increase methane 
emissions and greenhouse gases (Gathorne-Hardy 2013a, b). While SRI is being 
promoted for its water saving qualities (less water per kg of paddy produced), 
its other impacts are not well understood. For instance, the water saved in SRI is 
often used to expand the area under crops in the same location. When taken at the 
basin scale, there will not be any water savings for environmental requirements 
(environmental flows). Besides, SRI does not have any return flows (which is the 
case in flood irrigation) and hence reduces the availability of water downstream 
resulting in reduced environmental flows and inequity. This is observed even in the 
case of other water saving technologies (WCTs) (Batchelor et al. 2014).

Another case where such granularity is missed is wastewater usage for pro-
ductive purposes. While wastewater is often let out into streams, ponds and rivers 
without treating it, its usage downstream for productive purposes not only creates 
jobs and income but also results in adverse health impacts. Unless the net impacts 
(positive-negative) are assessed, the economics of wastewater use would not 
be clear for making investment decisions to create infrastructure for wastewater 
treatment (Reddy and Kurian 2010). That is water sector policies and investment 
decisions should shift from single-use infrastructure to multiple-use infrastruc-
ture investment decisions. Such contradictions are also observed in the case of 
different biofuel production processes (Davis et al. 2008). Therefore, it is neces-
sary to understand and adopt a comprehensive approach in order to move towards 

3.4 Constraints and Challenges in the Application of LCCA
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sustainable development. And macropolicy has a critical role in promoting such 
approaches and awareness in public as well as private organisations.

Given the fact that sustainable services and food security are integral to LCCA, 
adoption of LCCA could provide double benefits in developing countries, where 
dwindling services is a major policy concern. In this regard, LCCA could provide 
cost-effective measures as a sector-financing tool for sector efficiency. Adopting 
LCCA to finance, the sector would help to get the unit costs right and the right bal-
ance of different cost components for sustainable service delivery. In the case of 
environmental issues, European countries have introduced standardisation processes 
through International Organisation of Standards (ISO). ISO has developed standard 
labelling such as eco-labelling, environmental claims and eco-profiles for voluntary 
adoption (Iraldo et al. 2014). Even in Europe, the application of LCCA is limited to 
design stage and not applied in the implementation stage (Schiller and Dirlich 2013).

While adoption of LCCA provides win–win policy strategies in developing 
countries, there is need for awareness and capacity building for wider promotion 
and adoption of LCCA. LCCA is not a new concept in these countries although it 
needs recasting to address the present day concerns. LCCA is often viewed as an 
engineer’s tool for project appraisal. Its evolution over the years as an effective tool 
to move towards sustainable development and service delivery has also encouraged 
planners and financial managers to adopt it with conviction across the world. This 
needs careful articulation in order to mainstream it into policymaking basically 
moving towards life-cycle thinking and life-cycle management of infrastructure 
projects. It is not to suggest that developing countries need to embark on the same 
path followed by the developed world. Understanding the potential and adoptabil-
ity of LCCA to the local conditions, in terms of scale and intensity, is critical.

Apart from awareness and capacities, one of the main constraints in adopting 
LCCA in developing countries is the huge data requirements. LCCA is known for 
its data intensity and sensitivity to the methods and tools used in assessing the envi-
ronmental impacts. Building on the data sources and ensuring data quality on various 
indicators across the sectors is a necessary first step. The most challenging aspect in 
this regard is the coordination between sectors and their departments for data genera-
tion and data sharing. For instance, inter-departmental coordination and integration 
has been on the cards for quite some time in countries like India, but yet to be imple-
mented in practice. Creating information and feedback loops between the departments 
through centralised information system might help in overcoming this problem. Often 
important environmental data are not accessible to researchers or public though it is 
collected by the industry thus keeping the likely environmental impacts in the dark.

3.5  Conclusions

This volume on LCCA was aimed at enhancing the capacities of policymakers and 
practitioners with a view to identify potential aspects for its adaption in developing 
countries. The learning material is expected to influence the policy understanding 
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of why LCCA is central to achieving the objectives of sustainable development 
as well as sustainable service delivery and to influence the behaviour of sector 
stakeholders. The broad objective is that LCCA is mainstreamed into governance 
processes at all institutional levels from local to national in order to increase the 
ability and willingness of the decision-makers (both users and those involved in 
service planning, budgeting and delivery) to make informed and relevant choices 
between different types and levels of products and services.

This volume, based on the experience of earlier studies and selected case stud-
ies, argues that a comprehensive LCCA can provide ‘win–win’ strategies in terms 
of identifying appropriate technologies, products and services that are environ-
mentally, economically and socially sustainable. LCCA prompts policy shifts 
towards broader and systems perspective. LCCA is not only a tool that can be 
used in policy planning as and when necessary. Adoption of LCCA evolves from 
life-cycle thinking that needs to be ingrained into the macropolicy. LCCA man-
agement processes need to be put in place. This calls for awareness building and 
capacities at the policy and planning levels. Here, we provide the key merits of 
LCCA that can attract quick policy attention in developing countries.

1. LCCA is an appraisal tool that can be applied at any stage of the life cycle. 
This helps in evaluating even the existing infrastructure investments.

2. LCCA has the potential to deal with the nexus approach by adopting a systems 
approach that includes inter-sectoral linkages and externalities.

3. LCCA is now widely used covering most of the sectors, products and services. 
Common or standard LCCA guidelines can help in following a systematic 
economy-wide approach.

4. LCCA can ensure sustainable services through its comprehensive approach 
dealing with all aspects of nexus.

5. LCCA can be used as a budgeting tool, which can ensure allocations towards 
source sustainability, asset management, natural disasters, etc. This provides 
the much-needed sustainability of services.

Adoption of LCCA as a budgeting tool needs to be taken up at the national- and 
state-level budgeting processes. There is need for more research in the context of 
developing countries to establish and convince policymakers in this regard. Action 
research on the adoption of LCCA in some key sectors would be a good starting 
point in this direction.

3.5 Conclusions
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Keywords and Definitions

Data mining  ‘The process of analysing data from differ-
ent perspectives and summarising it into use-
ful information. Technically, data mining is 
the process of finding correlations or patterns 
among dozens of fields in large relational 
databases’

Data quality  Characteristics of data that relate to their abil-
ity to satisfy stated requirements

Data set (LCI or LCIA data set)  Document or file with life-cycle informa-
tion of a specified product or other refer-
ence (e.g. site, process), covering descriptive 
metadata and quantitative life-cycle inven-
tory and/or life-cycle impact assessment data, 
respectively (European Commission—Joint 
Research Centre-Institute for Environment and 
Sustainability)

Environmental life-cycle 
assessment (E-LCA) 

 E-LCA ‘is an assessment technique that aims 
at addressing the environmental aspects and 
their potential environmental impacts through-
out a product’s life cycle’

Environmental aspect  Element of an organisation’s activities, prod-
ucts or services that can interact with the 
environment 

Environmental product 
declaration (EPD)

 
 
‘An EPD is a standardised (ISO 14025/TR) and 
LCA-based tool to communicate the environ-
mental performance of a product or system and 
is applicable worldwide for all interested com-
panies and organisations’ (http://www.environ
mentalproductdeclarations.com/)

Impact category  ‘Impact categories are logical groupings of 
life-cycle assessment results of interest to 
stakeholders and decision-makers’

Life cycle  ‘Consecutive and interlinked stages of a prod-
uct system, from raw material acquisition 
or generation from natural resources to final 
disposal’ 

Life-cycle approaches  ‘Techniques and tools to inventory and assess 
the impacts along the life cycle of products’

Life-cycle assessment (LCA)  ‘Compilation and evaluation of the inputs, out-
puts and the potential environmental impacts of 
a product system throughout its life cycle’

http://www.environmentalproductdeclarations.com/
http://www.environmentalproductdeclarations.com/


63Keywords and Definitions

Life-cycle costing (LCC)  ‘Life-cycle costing, or LCC, is a compilation 
and assessment of all costs related to a product, 
over its entire life cycle, from production to 
use, maintenance and disposal’

Life-cycle data set library  ‘A global database of registered and searchable 
life-cycle data sets’

Life-cycle impact 
assessment (LCIA)  

‘The phase of life-cycle assessment aimed at 
understanding and evaluating the magnitude 
and significance of the potential environmen-
tal impacts for a product system throughout the 
life cycle of the product’

Life-cycle interpretation  ‘The phase of life-cycle assessment in which 
the findings of either the inventory analysis or 
the impact assessment, or both, are evaluated in 
relation to the defined goal and scope in order 
to reach conclusions and recommendations’

Life-cycle inventory (LCI)  ‘The phase of life-cycle assessment where data 
are collected, the systems are modelled, and 
the LCI results are obtained’

Life-cycle inventory analysis  ‘The phase of life-cycle assessment involving 
the compilation and quantification of inputs 
and outputs for a product throughout its life 
cycle’

Life-cycle inventory database  ‘A system intended to organise, store, and 
retrieve large amounts of digital LCI data sets 
easily. It consists of an organised collection of 
LCI data sets that completely or partially con-
forms to a common set of criteria, including 
methodology, format, review and nomenclature 
and that allows for interconnection of individ-
ual data sets that can be specified for use with 
identified impact assessment methods in appli-
cation of life-cycle assessments and life-cycle 
impact assessments’

Life-cycle management (LCM)  ‘A product management system aimed at mini-
mising the environmental and socio-economic 
burdens associated with an organisation’s prod-
uct or product portfolio during its entire life 
cycle and value chain. LCM supports the busi-
ness assimilation of product policies adopted 
by governments. This is done by making life-
cycle approaches operational and through the 
continuous improvement of product systems’
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Life-cycle management systems  ‘Management systems that incorporate the 
basic life-cycle principles plus key elements 
of ISO 9000, ISO 14000 and ISO 26000 to 
ensure continuous improvement: the plan-do-
check-act cycle; policy, objectives and targets; 
procedures and instructions; monitoring and 
registration systems; and documentation and 
reporting’

Life-cycle programmes 
and activities 

 ‘Initiatives that support decision-making based 
on life-cycle thinking at one or more organi-
sational units (e.g. at the design, procurement, 
recycling units)’

Life-cycle public policies  Public policies that incorporate or are based on 
life-cycle guiding principles

Life-cycle sustainability 
assessment (LCSA) 

 Evaluation of all environmental, social and 
economic negative impacts and benefits in 
decision-making processes towards more sus-
tainable products throughout their life cycle

Social life-cycle assessment 
(S-LCA) 

 ‘A social and socio-economic life-cycle assess-
ment (S-LCA) is a social impact (real and 
potential impacts) assessment technique that 
aims to assess the social and socio-economic 
aspects of products and their positive and nega-
tive impacts along their life-cycle encompass-
ing extraction and processing of raw materials; 
manufacturing; distribution; use; reuse; mainte-
nance; recycling; and final disposal’

Sustainable consumption 
and production 

 ‘The use of services and related products, 
which respond to basic needs and bring a bet-
ter quality of life while minimising the use of 
natural resources and toxic materials as well as 
the emissions of waste and pollutants over the 
life cycle of the service or products so as not to 
jeopardise the needs of future generations’
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