
Will Water Constrain

Our Energy Future?



Water –Energy 
Interdependence



Why is the energy-water  
issue important?

Of the 7 Billion people on Earth today,  

Increasing pressure on finite 
water resources

Source: IEA, 2012 

 Water scarcity is increasing as demand for water intensifies with population and                   
economic growth

 Climate change is exacerbating water and energy challenges



the energy poor are often also water poor

Access to an 
improved 
water source
(% of total 
population)

Access to 
electricity 
(% of total 
population)



Energy sector needs water and is
vulnerable to water issues

Increased water temperatures 
can prevent power plants from cooling 
properly

Decreased water availability 
can affect thermal power plants, hydropower, 
and fuel extraction processes due to their 
large water requirements

Regulatory uncertainty

Sea level rise could impact coastal 
energy infrastructure

Water quality can impact energy 
operations if it is not regulated and managed 
adequately

water risks for energy sector

Financial losses

CAPEX and operational 
costs increase



the energy sector recognizes the 
magnitude of the issue

Source: CDP Global 
Water Report, 2013 

Impact on the world's top 
energy and power 
companies

Indicate that water is 
a substantive risk to 
business operations

Have experienced water-
related business impacts 
in the past 5 years

However, the majority of companies surveyed do not appear to be planning 
corollary increases in the breadth and scale of their water risk management 
practices



Key
messages 

Relative location of power plants vs. 
hurricane/typhoon zoning areas in Mexico

Water scarcity changes is Asia

Projected 
changes in 
hydropower 
generation

SOURCE: ESMAP PRESENTATION ON CLIMATE IMPACTS ON ENERGY SYSTEMS. NOVEMBER 16, 2010

SOURCE: WRI, 2012. The baselines water stress is defined as the ratio of total 
annual freshwater withdrawals for the year 2000, relative to expected 
annual renewable freshwater supply based on 1950–1990 climatic norms. 

Energy Services will be increasingly 
affected by the consequences of 
climate change



Fracking requires large amount of water and also 
generates waste water that needs to be treated

Moreover…water quality can be an 
issue if not regulated/managed properly

Thermal pollution from 
once through cooling 
has adverse effects on 
ecosystem

Drainage from 
Abandoned
coal mines
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The energy-water challenge is 
already present and very real



Water constraints are presently 
impacting the energy sector

Europe

Middle 
East

India and 
China

USA

 In the U.S., several power plants have had to shut down or reduce power generation due to low 
water flows or high water temperatures. 

 In India, a thermal power plant recently had to shut down due to a severe water shortage. 

 France has been forced to reduce or halt energy production in nuclear power plants due to high 
water temperatures threatening cooling processes during heat-waves.

 Recurring and prolonged droughts are threatening hydropower capacity in many countries, such 
as Sri Lanka, China and Brazil.



Water is not an isolated sector
We need to understand and quantify tradeoffs

Climate impact: Major increases in climate variability expected, with increased frequency of droughts and floods. Heaviest 

impact will be borne by the poorest, who are already underinvested in adaptation to current climate

Major demand 
increases…

Competition for water allocation

Impaired water quality affecting all uses

▪ 70% increase in food 
production will be required 
in 40 years (with it already 
70% of withdrawals)

▪ Half the world’s food is 
grown on groundwater, 
much of which is 
unsustainable

▪ Use  of crops for biofuels
affecting food prices

▪ Global energy consumption 
expected to increase by 
~35% from 2007-2035

▪ Water-intensive thermal and 
hydro account for 90% of 
current power generation

▪ Power outages caused by 
lack of cooling water already 
seen in many countries

▪ Changing settlement 
patterns, with a 2004-15 to 
see 40% increase in urban 
population without basic 
WSS access 

▪ 80% of all people lacking WSS 
access in rural areas

▪ Half of urban water supplies 
are from groundwater with 
very little knowledge of 
hydrology

▪ Rapid urbanization

▪ Ecosystem damage largely 
coincides with high water 
stress (e.g., Indo-Gangetic
Plain, North China Plain) and 
fertilizer runoff (dead zones)

▪ Over-consumption of water, 
water pollution and 
inadequate pricing of the 
resource results in loss of 
massive ecosystem benefits

…with the 
potential to 
derail growth

Lack of sanitation access can 
cost countries up to 6% of GDP

Unreliable water supply and 
farm-to-market access can 
deprive farmers of 2/3rd of their 
potential income

Energy security is threat-ened
by water challenges; 3% of 
Kenya’s GDP from lost hydro 
production over 1998 - 2000

Losses of biodiversity and 
ecosystem services with 
increasingly visible economic 
cost (e.g., China losing 5% GDP 
to pollution)

Health and human settlements Food and agriculture EnvironmentEnergy and industry 



Need more data 

 on the water use (withdrawal, consumption, discharge) and water pollution by the 
energy sector

 on the water needs of the water sector

Temporal and regional differences 

 Unlike the GHGs, which are a  global problem, water issues are a regional problem. 
For example, at a national level, the percentage of water used for gas extraction 
might look very small, but in the extraction areas, that percentage might be very 
critical, potentially impacting the water resources at the local level. 

 Temporal changes in water availability (through the year and in the future, with 
climate uncertainty) make it challenging to understand potential impacts on the 
energy sector (dry seasons and unforeseen droughts can make a power plant shut 
down, incurring high financial losses)

Need to contextualize solutions

 The water and energy nexus is thus, a very regional problem

 We need specific solutions for each region and each problem

We need to understand better this 
interdependency and the sector differences



We also need to understand 
and quantify tradeoffs

Water – GHG tradeoff

Some policies to reduce GHG emissions 
can increase water requirements by the 
energy sector if not designed properly

- biofuels, carbon capture…

Dry cooling vs cost of electricity

Dry cooling systems require no water for 
their operation, but decrease efficiency 
of the plant:

- increasing capital and operational costs

- increasing GHG emissions per kwh

Water for energy vs. water for 
agriculture

The value of water for energy might be 
higher regarding economic outputs, but 
agriculture is often required for 

- national security reasons (food) 

- social reasons (people employed in the 
agricultural sector) 

Understand Environmental impacts 
and trade-offs

Hydropower

Assessing tradeoffs, environmental and 
social impacts and exploring the use of 
multipurpose dams is necessary for 
sustainable development



the challenge: how do we plan & how 
do we design our investments in a 
sustainable way? 

Political-level challenges impede effective planning:

 The two sectors have been regulated separately 

 Current energy planning is often made without 
considering changes in water availability and quality, 
competing uses or the impacts of climate change. 

Challenges in securing enough water for energy and energy for water will increase with 
population and economic growth and climate change

Stronger integrated planning will be necessary to evaluate tradeoffs, find synergies, and 
ensure sustainable development



There are many solutions,          
we need to start somewhere



Improving Energy Efficiency

 In the energy sector:
Replacing old and inefficient power plants for new ones; achieving the same 
electricity output with less fuel, less water and less GHGs emissions. 

 In the water sector:
In water and wastewater treatment plants:

• Electricity costs are usually between 5 to 30 percent of total operating costs 
(in developing countries it can go up to 40 percent or more).

• Many energy efficiency measures have a payback period of less than 5 years 
(ESMAP, 2013)

• Improving energy efficiency directly improves the financial health of the 
plants

• One example of improving energy efficiency is Leakage detection and 
reduction



Leakage detection and reduction to 

save water and energy

 World Bank financed project in 
Vietnam:

 Performance based leakage contract 

 Leakage was reduced from 54% to 29%

 Water saved: 92,000 cubic meters a day 
(equivalent to 36 Olympic pools)

 Electricity saved: 23,000 kwh a day (enough 
power for a community in rural Vietnam of 
27,000 people -with average electricity 
consumption of 2009)



WASTEWATER 
from the city

WASTEWATER 
treatment plant**

treated  WASTEWATER is 
piped to the power plant

**Wastewater treatment plant picture is by Tracey Saxby, Integration and 
Application Network, University of Maryland Center for Environmental Science

BENEFITS FOR THE POWER PLANT

The wastewater used by the power plant is 33% 

cheaper  and more sustainable than the 

previously used groundwater

The plant has saved $18M in 6 years 

This WASTEWATER is used 
in the cooling towers instead 

of freshwater

BENEFITS FOR THE WASTEWATER TREATMENT PLANT 

This extra revenue covers almost all operation and 

maintenance costs

treated wastewater

$

WASTEWATER REUSE FOR 
COOLING

TENORIO PROJECT* MEXICO

* For more information on the project: 
http://www.reclaimedwater.net/data/files/240.pdf

Thermal     
POWER PLANT

net reduction of 
groundwater extractions of 
at least 48 million m3 in 6 

years



Investing in renewable energy that 
requires no water



Thirsty Energy initiative

GOAL: to contribute to a sustainable management and development of the 

water and energy sectors by increasing awareness and capacity on 

integrated planning of energy and water investments identifying and 

evaluating trade-offs and synergies between water and energy planning. 

Implementation of case studies using existing tools when possible 

Rapid assessments in priority basins/countries 

Knowledge dissemination, advocacy and capacity building



THIRSTY ENERGY: 
Methodological approach

▪ Demand Driven , Entry point is Energy Sector

▪ Engagement with relevant stakeholders from day 1, involving local partners 
from energy and water sectors to identify potential constraints and synergies

▪ Build on existing country knowledge and modeling tools whenever possible 
to ensure continuity and sustainability of initiative 

▪ Flexible modeling framework to facilitate tailored analyses over different 
geographical regions and challenges

▪ Economic tools to assess the tradeoffs between competing sectors and to 
provide policy recommendations to mitigate potential effects

▪ Robust treatment of risk and uncertainty, incorporating the long-term 
effects of climate change

▪ Case studies or pilots to illustrate the different challenges that are most 
relevant for client countries.



Where are we?

▪ Officially launched initiative at the World Future Energy Summit 
2014
 Rachel Kyte (VP), Vivien Foster (Manager, Energy Anchor), William Rex (Manager, 

Water Anchor), VP Alstom, VP Abengoa, Executive Director IEA

 Ideal timing and place: 

 same venue Water International Summit  

 UN Water 2014 theme Water&Energy, a lot of traction from media



South Africa: 
the case of A Water Scarce Country

Water scarce country with very stressed 
basins in terms of water allocation 

Coal Thermal Power plants account for almost 
90% of the power capacity installed

Fracking for Shale Gas is being explored, 
which will put additional pressure on water 
resources  

Need for Water and Energy Integrated planning to 
achieve a sustainable future and avoid water scarcity 
problems in the next years  

Sources - Top: CSIR, Bottom: ESKOM and Department of Energy of South Africa

Competition for water across sectors will 
increase – Power plants have priority, which 
could negatively affect other sectors such as 
agriculture 



Water already represented in the 
model but…

SOURCE: ERC - UCT

…but as of now there is no 
constraint on it, the model 

assumes that it is an infinite 
resource and with no price or 

regional constraint



1. Needed to “geo-reference” 
somehow the power plants 
and energy facilities in order 
to regionally constraint the 
amount of water available :

by assigning the different 
power plants and energy 
extraction locations to their 
basin



South Africa: Marginal Cost of 
Water Supply 

2. Needed to add the cost of supplying water to the energy facilities:

by calculating the marginal cost of water supply for each basin



Status

June 2013: First consultative meeting.
During the meeting the team discussed extensively the most appropriate way to 

include water in the model, taking into account the regional and temporal differences 
between energy and water and including the price of water in the optimization. 

- Preliminary draft assessments of the current status of the water and energy 
sectors were prepared

January 2014:  ERC presented a preliminary assessment at the 2014 UN-Water 

Annual International Conference 

September 2014: the draft interim reports of Task 1 “Develop marginal water 

supply cost schedules“ and Task 2 “Task 2: Develop the “water smart” SATIM model“ 
were prepared.

Next Steps:
May 2015: Mission to discuss preliminary results of Task 3: “SATIM Energy-Water 
Nexus Model Simulations” prior to the formulation of the final report

December 2015: The final report (Task 4: Report on Integrated Energy-Water 
Analysis in South Africa ) is expected to be finalized



CASE STUDIES: MOROCCO

Background
 Recent merge of power and water utility (ONEE)  potential for synergies and 

integrated planning

 Water constraints can impact growth,  increasing competition for water across 
sectors (esp. irrigation); ambitious renewable targets for 2020 to meet 7% annual 
growth in electricity consumption; Climate change vulnerability

Status
 First Stakeholder Workshop has been convened. It was preliminarily decided, 

that two activities will be undertaken:

 at the national level, focusing on the first national integrated energy and water 
vision, flagging potential future constraints, and including all relevant 
stakeholders in the government, private sector and others.

 at the utility level (ONEE), focusing on identifying synergies and integrated 
strategies to improve the efficiency of the utility

 Optimized Planning of ONEE Water and Power Needs

 Wastewater Reuse for Power 

 Power Transmission Lines vs Water Transfer 

Next Steps: Second Stakeholder Workshop 



 China’s “Big Five” Power Utilities are 
all highly exposed to water 
disruption

 Most energy reserves and power 
plants are located in water scarce 
areas, sectoral growth increasing due 
to population growth, climate change

 Pollution problems & degraded 
resources

 expansion plans for coal power 
plants in China might not be feasible 
due to water scarcity issues (Bloomberg, 

2013)

CASE STUDIES: CHINA



CASE STUDIES: CHINA

Background
 Recent efforts by the National Energy Agency (NEA) to assess water needs by the 

energy sector & integrate water resource constraints into the upcoming five-year 
energy plan

Status
 First Stakeholder Meetings: March 2014: with NEA, Energy Research Institute, 

Institute of Water Resources and Hydropower Research, and Tsinghua University 

 The main objective of the initiative is to support the NEA in its planning process 
and in its effort to integrate water resources in the five-year energy plan, and to 
assess the long term sustainability of the plan

Next Steps
Start Implementation
Expected outputs:

May 2015: workshop/meeting to discuss progress and the technical inputs 
June 2015: Preliminary Assessments to be shared with NEA
January 2016: Final Results and Report



Knowledge dissemination, advocacy 
and capacity building

▪ Implemented strategy from day 1

▪ Created Communication and Awareness package:

▪ Infographics

▪ Working Paper as Background on the topic

▪ Blogs 

▪ Brochure

▪ Twitter

▪ Collaborating with partners on key messages

▪ Capacity building in case study countries 

▪ South to South Knowledge Sharing 

http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=wzKKwoJgcAC6kM&tbnid=A_p3MZccKq3IeM:&ved=0CAgQjRw&url=http://www.naturalcapitalforum.com/partners-sponsors&ei=5OT7Uva9BLHNsQSUjoCIAQ&psig=AFQjCNEvP6T0umlbDdke2ayvNcEvZGVyDA&ust=1392326244266610
http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=wzKKwoJgcAC6kM&tbnid=A_p3MZccKq3IeM:&ved=0CAgQjRw&url=http://www.naturalcapitalforum.com/partners-sponsors&ei=5OT7Uva9BLHNsQSUjoCIAQ&psig=AFQjCNEvP6T0umlbDdke2ayvNcEvZGVyDA&ust=1392326244266610


Partners

Funding Partners:
 Water Partnership Program
 ESMAP
 Korea Trust Fund for Green Growth

Private Sector Reference Group
 Abengoa
 Électricité de France (EDF)
 Alstom
 Veolia

Other collaborating partners
 International Energy Agency (IEA)
 Stockholm International Water Institute 
 World Resources Institute (WRI)
 UN Water / Sustainable Energy For All
 GIZ
 Others

Form stronger alliances. The challenge presented by the nexus is too large for 
any country, region, development finance institution or implementing agency 
to tackle alone



What next?

▪ Ongoing initiative: Interest growing from several countries and 
regions
 Brazil: Sao Francisco Basin

 Indonesia

 Mexico

▪ Outcomes:
▪ Innovative tools, approaches and solutions developed and implemented to help 

Bank teams and countries ‘green’ their growth

▪ Policy guidance and Improved design of investments, strategies and plans in energy

▪ Knowledge deepened in the water and energy nexus

▪ Energy-water integrated planning practice enhanced

▪ Water mainstreamed in the energy sector

▪ Improve interdisciplinary collaboration among sectors 



Thank You

Diego Rodriguez , Senior Economist, Water Practice 
drodriguez1@worldbank.org

www.worldbank.org/thirstyenergy

www.worldbank.org/water  |  www.blogs.worldbank.org/water   |        @WorldBankWater

A World Bank 
Initiative

http://www.worldbank.org/thirstyenergy


EXTRA SLIDES



Almost all forms of electricity generation require water 

36

Wind and Solar PV have a 
negligible impact on water 
resources

HYDROPOWER

THERMAL POWER PLANTS

But they are intermittent



Energy Extraction









▪ From January 17-31 (during and after launch), the online package received 

- over 23,000 pageviews (an average of over 1,500 pageviews/day) 

- more than 500 publication downloads.  

Knowledge dissemination, advocacy 
and capacity building
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