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Foreword from the United Nations Environment 
Programme (UNEP) Finance Initiative 

The journey of water into the mainstream agenda for practitioners, policy makers and finance 
institutions continues, and must accelerate as water stress mounts globally, exacerbated by 
development trends and climate change. Water related risks arising from water access and quality 
problems are confronting major companies from India to Australia to the Americas. These issues 
are prominent in the power sector, however, financial institutions should not only be aware of 
the water risks integral to the sector, but also the financial and investment solutions to the global 
water crisis, and its local issues. 

Since the first edition of the Chief Liquidity Series, the eyes of the world have primarily been on 
the outcome of the climate change negotiations in Copenhagen. It is important to continue to 
reinforce the link between climate change and water, primarily in regards to its central role in 
adaptation. The Circle of Blue-Globescan global water survey found that freshwater pollution 
and scarcity topped climate change as a global environmental priority. Consequently, water 
issues present financial institutions not only with a rising potential for reputational risk or loss 
of shareholder value, but also with a considerable amount of opportunity. 

The role water plays in the power sector is a formidable one, whether as a primary source of energy, 
for hydropower production, or as a vital resource for thermal power production and cooling for 
fossil fuel based solar thermal energy. How can the growing water risks and opportunities in the 
power sector affect investments and finance? Members of the UNEP FI Water & Finance Work 
Stream have once again collaborated to develop this briefing on the power sector with a focus on 
a number of water-constraint regions. The aim of this second briefing is to build on the expertise 
offered within first Chief Liquidity Series, for financial institutions to comprehensively understand 
the global water challenge, and effectively manage local water risks through a number of tailored 
Performance Indicators (PIs). Water is food, water is life, and water is energy. 

Paul Clements Hunt 

Head of Secretariat UNEP Finance Initiative
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Foreword from the UNEP FI Water & Finance 
Workstream (WFWS)

Man’s oldest source of power is from flowing water. Ancient civilizations used rivers to drive 
numerous mechanisms such as mills.

Water availability is critical to power generation: Without access to adequate amounts of water 
for cooling, thermoelectric plants, including coal, nuclear, solar and gas-fired facilities that rely 
on heat energy to generate electricity, cannot operate. Rapid population growth and increasing 
incidents of drought, however, are challenging the sustainability of water supplies needed for 
power generation.

Globally, hydropower contributes to 24 percent of the world’s electricity, supplying over 1 billion 
people with power. Micro hydropower is probably the least common of the three readily used 
renewable energy sources, but it has the potential to produce the most power, more reliably than 
solar or wind power if you have the right site. 

Ensuring water sustainability for power generation requires a broad-based research program 
to increase water use efficiency and conservation in a cost-efficient manner, while supporting 
watershed and community planning and management needs.

In this publication, second in the Chief Liquidity Series, we hope that the reader – foremost 
investors and bankers - find useful information on water challenges for electricity production 
globally, as well as in representative jurisdictions, and use the Performance Indicators (PIs) to 
mitigate these water-related financial risks through engagement or other processes.

Sasja Beslik  Vicky Beukes

Director of ESG Analysis, Nordea   Sustainability Manager, Nedbank  
Co-Chair of the UNEP FI WFWS  Co-Chair of the UNEP FI WFWS
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1

riefings?Why this series of briefings?

the second issue of a series of Water Materiality Briefings with which the Water & Finance This is the second 

Workstream (WFWS) of the United Nations Environment Programme Finance Initiative (UNEP FI) Workstream (WFWS) of the United Nations Environment Programme Finance Initiative (UNEP FI) 

aims to assist UNEP FI Signatories and the broader financial services community in understanding aims to assist UNEP FI Signatories and the broader financial services community in understanding 

the financial risks and emerging opportunities associated with water challenges across a range the 

of particularly exposed sectors and hydrologically diverse geographies.

The idea of providing guidance on a level of sectoral and geographic specificity builds on a 

set of universal but indicative guidelines for water-related risks and opportunities for financial 

institutions, published by the UNEP FI WFWS in October 2007.1 As a logical continuation, this 

new Briefing Series provides greater detail for an easier integration of water-related considerations 

into financial due diligence and stock picking processes. The underlying reason is that water 

pressures and their implications for business and finance generally manifest locally and vary 

considerably from sector to sector and geography to geography. Both this issue and the previous 

one on the agribusiness sector focus on the following geographies:

Australia

Brazil

India

South Africa

Mediterranean Basin (Morocco, Italy, Greece)

1.1 Second Issue on Power Generation

The aims of this briefing on the electrical power generation sector are:

To deliver to financial decision makers – particularly in credit institutions (but potentially also 

to asset managers and financial analysts) – an overview of water sustainability issues specific 

to corporate power generation operations. This is done across a set of geographies around the 

world where, from the perspective of the finance sector, water-related problems are clashing with 

economic growth and financial performance most strongly. These areas include: Australia, 

Brazil, India, South Africa and the Mediterranean Basin. The focus on specific geographic 

locations should not exclude businesses and financial institutions in other regions from making 

use of these Briefings. Rather, they should feel encouraged to use these guidelines as “proxies” 

for the management of water issues in all regions that have similar hydrological conditions to 

those addressed here.

To provide an initial framework of water-related indicators for financial institutions to assess 

the strategic and operational water performance of power generation. A number of indicative 

Performance Indicators (PIs) have therefore been developed and tailored to the technologies 

and regions which are most prevalent.

To raise awareness within financial institutions on the complexities of the topic and in particular

the levels of water used by technologies. 
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2

How to use/read this Briefing?How

Each issue of the Chief Liquidity Series looks at a different sector across a set of regions ide looks at a different sector across a set of regions identified 

as being particularly exposed. Issue 2 looks at activities in the power generation sector. While Issue 2 looks at activities in the power generation sector. While the 

agricultural sector is by far the biggest water user in the world, the power sector is the biggefar the biggest water user in the world, the power sector is the biggest 

industrial water-using sector (Figure 1).

Figure 1

Water use per sector

Source: World Bank: Development Report 2010 2

An assessment of the water sustainability issues of thermal and hydropower generation is given in An assessment of the water sustainability issues of thermal and hydropower generation is given in 
this Briefing together with the Performance Indicators (PIs) related to both of these technologies. this Briefing together with the Performance Indicators (PIs) related to both of these technologies. 

Each subsequent chapter addresses a different region and begins with an overview of the locaa different region and begins with an overview of the local 
hydrology and the water-related problems of the area. The use of the WaterGAP (Water - a Glowater-related problems of the area. The use of the WaterGAP (Water - a Global 
Assessment and Prognosis) model allows a comparison of the volume of water available andAssessment and Prognosis) model allows a comparison of the volume of water available and the 
volume of water required for anthropogenic uses. The latter includes withdrawals for elewater required for anthropogenic uses. The latter includes withdrawals for electricity 
generation. Outputs of the model are shown as regional maps, enabling water stress ‘hot Outputs of the model are shown as regional maps, enabling water stress ‘hotspots’ 
to be easily identified.. 

The power generation sector in each region is reviewed and readers are directed throregion is reviewed and readers are directed throughout this 
briefing to relevant PIs. These PIs either address thermal power (TP) or hydropowrelevant PIs. These PIs either address thermal power (TP) or hydropower (HP). For 
example, when a reference is given to PI-TP 3, it refers to performance indicato when a reference is given to PI-TP 3, it refers to performance indicator 3 for thermal 
power. The impact of water stress on power generating activities and their fi. The impact of water stress on power generating activities and their financial performance 
is analysed and, vice versa, the impact of power generating activities o vice versa, the impact of power generating activities on local water resources 
discussed. This is done by examining water issues as they relate to the  This is done by examining water issues as they relate to the method used to generate 
power. Frequently within the text a link will be provided to a listi. Frequently within the text a link will be provided to a listing of performance indicators 
for thermal power and hydropower. These links are presented in for thermal power and hydropower. These links are presented in the following format e.g. These 
links refer to the listing given in chapter 14, which providrefer to the listing given in chapter 14, which provides a comprehensive explanation of 
each of the PIs..

Throughout the text, boxed case studies present t, boxed case studies present insights, best practices and innovative concepts 
in the sustainable management of water resouof water resources in power generating activities. This was done 

See PI-TP 2 
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l practitioners to promote such practice within their respective with the view to inspire financial practitioners to promote such practice within their respective 

spheres of influence.

3

y of a water and risk framework The materiality of a water and risk framework 

Water-related risks for the financial performance of water-dependent businesses, including the Water-related risks for the financial performance of water-dependent businesses, including the 

power generation sector, can be categorized under two key headings:

Water Dependency: A power plant’s water requirements are primarily influenced by fuel type, 

cooling system water source and technology. 3

Water Security: Future risks to water supplies, including shortages and/or declining quality, 

must be assessed at the local level with consideration to changes in climate and hydrological 

patterns as well as trends affecting competing uses. The relative strength and timeframe of water 

allocations and contracts must also be considered. 4

Additionally, there is a risk of negative impacts on business activities arising from the impact on 

water quantity and/or deteriorating water quality, other than those directly related to minimal 

production levels. 

If such risks materialize they can immediately affect investors, lenders and other types of financial 

institutions in one or more of the following ways:

Debt-servicing ability - resource bottlenecks can have immediate adverse effects on company 

turn-over, factor costs, and ultimately profitability and solvency. Financial institutions of all types 

will be affected by such resource shocks and developments either through clients’ inability to 

service loans or by insufficient dividend yields from investee companies. Water bottlenecks are 

expected to become the resource constraints of greatest concern in the 21st century.st

Creditworthiness of clients - water-dependent companies and/or companies with a large 

water impact may become less creditworthy as water constraints sharpen over time. This will 

increase the overall risk exposure of finance providers, which in turn will increase the return 

expectations of shareholders and equity capital requirements of regulators (where applicable: 

Basel 2).

Reputation / brand value damage - if reputation or litigation damage occurs on the borrower 

company level, it can rebound and hit banks, investors and other financial institutions that are 

involved, both through resulting profitability and solvency problems on the company level, as 

well as directly through reputation damage of the lenders involved. This may ultimately lead to 

bad bank ratings by the plethora of new SRI rating agencies.

Intuitively, corporate water sustainability performance in production processes can usually 

be addressed by improving water use efficiency. While better water efficiency is undoubtedly a 

significant factor in corporate water performance, other factors also require attention. These 

depend on the particular power technology under consideration (thermal power, hydropower, 

etc) and the location of operations. It is this spatial and sectoral complexity of water 

as a source of financial risk that this briefing provides guidance on. This is done 

by looking at how water-dependent businesses, and the financial institutions that 

service them, are confronted with water challenges at a local level.local
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      Figure 2            Figure 2    Regional water consumption for electricity generation

The figure below low shows water withdrawals for electricity generation tion in the year 2000 

in million m³.

The maps indicate how different withdrawals impact on various river basins acrns across the 

geographies considered in this Briefing. (Figure 2)

From a water sustainability point of view, it is important to ensure that the withdrawal does 

not compromise the availability of water for drinking water sources, personal hygiene, 

agriculture, recreation, other community needs and ecology. 

            Figure 3   Climate change and global water availability

As climate change progresses it is likely to have dramatic affects on the global hydrological 

szstem, which will have major impacts on water supply. Although in some areas, for example 

at higher latitudes, water availability may increase, already water-stressed areas in the mid-

latitudes are expected to face a reduction in available water (Global Environment Outlook).5

A global WaterGAP is provided below showcasing likely changes in water stress between between 

2006 and 2030 (Figure 3).

The maps indicate how different withdrawals impas impact on various river basins across the 

geographies considered in this Briefing.
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3.1 nd assessment frameworksExisting reporting and assessment frameworks

rting, analysis and risk frameworks are available for the power sector, A range of existing reporting, analysis and risk frameworks are available for the power sector, 

stainability analysts within financial institutions:  and for power and sustaina

sation Organisation Initiative Target audience

1 UNEP FIUNEP F  “Half full-Half empty” - 

Practitioners Checklist 

Banks, investors

2 Global Reporting 

Initiative (GRI) 6

The Electric Utilities Sector 

Supplement (EUSS)7

Power sector / other private 

sectors including financial 

institutions

3 The Equator Principles8 Financial institutions

4 International Finance 

Corporation (IFC)

The Environmental, Health, 

and Safety (EHS) Guidelines 

on Thermal Power9

Power sector / other 

businesses including financial 

institutions

5 International 

Hydropower 

Association

Sustainability Assessment 

Protocol10

Private sector

6 International 

Standards 

Organisation (ISO)

ISO 14001 and ISO 14044 Private sector

7 Carbon Disclosure 

Project

Water questionnaire Water-relevant private sectors 

and investors

8 World Business 

Council for 

Sustainable 

Development 

(WBCSD)

Global Water Tool Private sector

9 Water Footprint 

Network

Water Footprint Manual Private sector 

10 UN Global Compact 

CEO Water Mandate

“State of play” corporate 

water disclosure practices 

/ guidance quality water 

reporting / convene for 

endorsing companies

Private sector

11 World Economic 

Forum (WEF)

Water disclosure 

methodology and universal 

indicators of water 

management

Private sector

12 World Resources 

Institute (WRI)

Sector-specific water 

risks and opportunities for 

investors, particularly the 

publication “Overheating”11

Banks, investors

13 Interfaith Centre 

on Corporate 

Responsibility 

Accountability measures for 

monitoring and reporting 

corporate water use 

Private sector

14 Pacific Institute Research on “state of play” 

and emerging practice on 

corporate water reporting

Private sector

15 UN Water Water sector monitoring & 

reporting

Private sector
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4
Thermal power Thermal power 

This section is derived from the Environment, Health and Safety Guidelines (EHS Guidelin Health and Safety Guidelines (EHS Guidelines) 
for thermal power plants issued by the International Finance Corporation (IFC).12

In order to reduce the complexity of analysis, many indirect aspects have not been included hereIn order to reduce the complexity of analysis, many indirect aspects have not been included here, 
for example water use related to mining and extraction of fuels and coal washing. Rather, the for example water use related to mining and extraction of fuels and coal washing. Rather, the 
briefing has been tailored towards issues directly associated with water use, water availably and water use, water availably and 
water quality at the point where water is withdrawn or discharged by thermal power plants. A 
concise version of performance indicators that are relevant for financial institutions in dealing 
with thermal power is presented in section 14.1.  

4.1 General technical description of thermal power

There are three common types of thermal power plant: steam turbines, combustion turbines 
and combined cycled plants. 

4.1.1 Boilers (Steam Turbines)

Conventional steam-producing thermal power plants can be designed as either a once-through 
system or a closed system. In a once-through system, warm water is released back to the source water 
body.13 In a closed system, water is cooled by recirculation through cooling towers, lakes, or ponds.

If a re-circulating cooling system is used, only a small amount of water is required to offset the 
evaporative losses and cooling tower blow down. A re-circulating system uses about one twentieth 
the water of a once-through system.

4.1.2 Combustion turbines

Gas turbine systems operate in a manner similar to steam turbine systems except that combustion Gas turbine systems operate in a manner similar to steam turbine systems except that combustion 
gases are used to turn the turbine blades instead of steam. This greatly reduces the water volumes gases are used to turn the turbine blades instead of steam. This greatly reduces the water volumes 
required. 

4.1.3 Combined cycle

Combined-cycle generation uses both gas turbines and conventional steam generatogenerators. In a 
combined-cycle gas turbine the hot exhaust gases of a gas turbine are used to provida gas turbine are used to provide all, or a 
portion of, the heat source for the boiler. This produces steam for the steam generaof, the heat source for the boiler. This produces steam for the steam generator turbine. 
An emerging technology is integrated coal gasification combined-cycle units. 

It should be noted that some of the new combined-cycle plants use air-cooleds use air-cooled condensers for 
their steam cycles, creating plants that use virtually no cooling water. 

4.1.4 Cooling systems 

Steam turbines used with boilers and heat recovery steam genrecovery steam generators in combined cycle gas 
turbine units require cooling systems. These condense the sts require cooling systems. These condense the steam used to generate electricity. 
Typical cooling systems used in thermal power plants incTypical cooling systems used in thermal power plants include: 

(i) once-through cooling systems; 
(ii) closed circuit wet cooling systems; 
(iii) closed circuit dry cooling systems such y cooling systems such as air cooled condensers.
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once-through cooling systems require large quantities of water which Combustion facilities using once-through cooling systems require large quantities of water which 

eceiving surface waters with elevated temperature. Water is also required are discharged back to receiving surface waters with elevated temperature. Water is also required 

p, auxiliary station equipment, ash handling, and flue gas desulfurization for boiler makeup, auxiliary station equipment, ash handling, and flue gas desulfurization 

(FGD) systems.14

4.2 Water consumption Water consumption 

Boiler units require large amounts of cooling water, often as much as 98% of the total water Boiler 

used in the whole unit. For once-through cooling water systems, water is usually abstracted used 

from surface waters, however, occasionally, groundwater or even municipal supplies are used. 

Dry cooling plants can save large quantities of water. However, these are usually more capital 

intensive than wet cooling systems, and the power generation process is less efficient. Despite 

this, research from South Africa has shown that the benefits are higher than associated costs. 

Significant water savings, with accompanying monetary savings, can be achieved15. 

Financial institutions should ensure that the cooling technology is appropriate to 

the given water availability. 

       Figure 4              Figure 4   Implications of shifting cooling technology towards dry cooling.

There are two primary types of coal-fired plant—the more traditional sub-critical and the 

newer super-critical plants. The difference is in their operating pressure. There are also gas-

fired plants such as combined cycle gas turbine (CCGT).

Shifting cooling technology towards dry cooling has implications on water consumption. 

However, there are also implications for emission intensity. The following graph illustrates this 

concept. (Figure 4)

Source: Alan Smart, Adam Aspinall (2009): Water and the electricity generation industry. Waterlines report 

No 18 - August 2009, National Water Commission, Canberra. Copyrights granted by the Commonwealth 

Copyright Administration, Attorney General’s Department16.

Further reading about unshackling carbon from water in global energy is provided here.17

Water consumption also changes if coal-fired power plants incorporate carbon capture and Water consumption also changes if coal-fired power plants incorporate carbon capture and 

storage (CCS) and technologies to reduce sulphur emission using processes such as Flue Gas reduce sulphur emission using processes such as Flue Gas 

Desulphurisation (FGD). These can be as much as one-quarter to one-third more water intensivDesulphurisation (FGD). These can be as much as one-quarter to one-third more water intensive 

than conventional systems (see box below).than conventional systems (see bo 18

See PI-See PI-See PI-See PI-TP 2 
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 Figure 5           Figure 5    Relationship between carbon emissions and water use.

FGD water requirements are a fraction of those required for cooling purposes, oses, yet they still 

require significant quantities of water which is used, for example, to make up the like up the limestone 

slurry.19

Implementing carbon capture and storage technology also increases water consumconsumption. 

The relationship between carbon emissions and water is illustrated below showing thang that as 

carbon emission decrease, water used by the process increases (Figure 5).
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Copyright Administration, Attorney General’s Department.20

4.3 Global recommendations

In areas with limited water resources, the following technologies and systems should be considered: In areas with limited water resources, the following technologies and systems should be considered: 21

The quantities of water used for power generation vary significantly according to fuel sowater used for power generation vary significantly according to fuel source. 
The average volume of water used per GWh is lowest for gas-fired power stations. /See /See table 

below

Table 1:

Withdrawal and water consumption benchmark values for different fuels and technologies. SoWithdrawal and water consumption benchmark values for different fuels and technologies. Source: Data 

from 2006.22

Coal Natural Gas

(Combined cycle)

NucleNuclear

Withdrawal

[m³/ MWh]

Consumption

[m³/ MWh]

See PI-TP 1 
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- -circulating cooling water system or closed circuit dry cooling systems. Cooling Use of a closed-cycle, re-circulating cooling water system or closed circuit dry cooling systems. Cooling 

g towers are often used for re-circulating cooling water systems. ponds or cooling towers are often used for re-circulating cooling water systems. See table 2

  

Table 2:

ween different cooling technologies.Relative comparisons between different cooling technologies.

Water consumption

Low Moderate High

Water 

withdrawal

Low
Dry cooling 

(e.g., air cooled 

condensers)

closed-circuit 

Moderate Cooling pond23

High Once-through

  Once-through cooling water systems are strongly discouraged. They may be acceptable if water 

resources are not constrained and the impact on the receiving body is negligible. They may be 

the preferred alternative for certain pollution control technologies for example where flue gases 

are washed by contact with seawater (also known as seawater scrubbing). 

  Recycling of wastewater (e.g. by membrane technology) in coal-fired plants. The recovered water 

will be available for plant use such as cooling tower water makeup or FGD makeup.

  Water consumption and carbon emissions intensity are interlinked. Considerations associated 

with the water-carbon nexus were presented above (box).

4.4 A brief note on solar power

In recent years, the global energy challenge and climate change mitigation has heightened 

the focus on renewable technologies such as solar power. Concentrating Solar Thermal (CST) 

and integrated solar combined cycle power plants are promising technologies on the verge of 

commercial application in various countries, including Morocco and India. While the large scale 

implementation of CST could have a significant impact on global greenhouse gas emissions, they 

can also represent large scale water requirements. This is especially pertinent since areas most 

suited for solar farms tend to experience less water availability (e.g. Morocco, India, and Australia).

CST technology uses materials to concentrate solar rays which heat up a liquid in order to 

power steam turbines or engines. Just as with fossil fuel driven thermal power plants, that steam 

needs to be condensed back to water, and cooled down for reuse. Currently, the conventional 

method for CST plants is to use wet cooling. Wet cooling towers are used to cool the exhaust 

steam for recirculation, which is a very water intensive process utilising about 750-920 gallons/

MWh. Additionally, CST plants require about 8-37 gallons/MWh to clean the collector mirrors. 

Technologies do exist for alternative cooling systems which could reduce water consumption, 

however they are currently expensive and reduce plant efficiency.24

See PI-TP 2 

See PI-TP 7 
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5

Hydropower Hydrop

As a result of the need for a low carbon economy, hydropower has received considerable interAs a result of the need for a low carbon economy, hydropower has received considerable interest. 
According to the International Energy Agency, electricity generation from hydropower and oth, electricity generation from hydropower and other 
renewable energy sources is projected to increase at an average annual rate of 1.7% from 200renewable energy sources is projected to increase at an average annual rate of 1.7% from 2004 
to 2030, for an overall increase of 60% through 2030.25 Whilst in many developed countries –  Whilst in many developed countries – 
including Australia, the United States and most of Western Europe – most of the suitable sites for Australia, the United States and most of Western Europe – most of the suitable sites for 
hydropower installations have already been developed, there is modest spatial and geophysical 
potential for new hydropower installations in other parts of the world. However, limiting factors 
include the social and environmental impacts of large dams and the controversy surrounding 
them, which collectively explain why so little hydroelectric potential has been tapped in developing 
countries. Many of these impacts can be mitigated to acceptable levels if a full assessment is 
carried out when new dams are proposed and an appropriate sites are selected. 

There have been considerable contributions towards understanding and guiding sustainability 
performance in the dams sector generally and hydropower particularly, the most notable 
being the World Commission on Dams (WCD) assessment in 1998-2000 but also the Strategic 
Environmental Assessment of Hydropower provided by SEI in 2009.   Despite prior efforts, there 
is presently an absence of a broadly agreed upon hydropower sustainability assessment tool and 
standard; and disparate approaches continue to be used at local, national and regional levels. 
The International Hydropower Association (IHA) in close collaboration with a range of partners 
launched the Hydropower Sustainability Assessment Forum in March 2008 to address this gap. Their 
Hydropower Sustainability Assessment Protocol has not been developed for a single purpose, but 
for a broad range of potential applications all in the interests of lifting sustainability performance 
for hydropower developments and operations. Potential users and uses include governments, 
potential financiers and other decision-makers to ensure that new hydropower developments 
are an appropriate solution for the context in which they are proposed.

The briefing in hand is aimed to be a concise water-related materiality briefing for financial a concise water-related materiality briefing for financial 
institutions. It is admittedly challenging to be brief, since there are a substantial number It is admittedly challenging to be brief, since there are a substantial number of 
environmental, social and economic factors that should be addressed at the preparation stage social and economic factors that should be addressed at the preparation stage 
of any new hydro plant. For example, appropriate site selection is key to minimising the imp For example, appropriate site selection is key to minimising the impact 
of both water resources and the wider social and environmental landscape. A concise verswater resources and the wider social and environmental landscape. A concise version of 
performance indicators relevant for financial institutions in dealing with hydropower is presperformance indicators relevant for financial institutions in dealing with hydropower is presented 
in section 14.2. One should note, however, that for a thorough 360° assessment,. One should note, however, that for a thorough 360° assessment, financial 
institutions are advised to apply a thorough environmental and social impact assessme advised to apply a thorough environmental and social impact assessment.


