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image Wind turbine near Konin coal 
mines, Poland -  November 2008.  
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Although the previous sections paint a very serious 
picture, there are still policy and energy choices to be 
made that could substantially reduce the impact of 
energy production on water scarcity. It is hard to believe 
that the option of switching from coal to far less water-
intensive renewable energy resources has, until recently, 
been largely overlooked in energy and water policy 
discussions.

Most of the research into water use by the power 
sector ends with discussions around cooling water use 
efficiency, and do not even list the option of evolving 
power generation beyond water-intensive thermal 
generation. As a result, there are far fewer estimates 
available regarding the huge potential water savings 
to be gained from transitioning from water-intensive 
thermal power generation to non-thermal generation 
such as solar PV and wind power, both of which require 
little water. 

Research from the European Wind  Energy  Association 
(EWEA)  estimates  that  wind  energy  avoided  the use 
of 387 million m3 of water in 2012 - equivalent to  the  
average  annual  household  water  use  of  almost 7 
million European citizens72 (EWEA, 2014).73 In the US, 
electricity from wind energy in 2013 is estimated to have 
avoided the consumption of more than 132 million m3 of 
water, (AWEA, 2013).74  The National Renewable Energy 
Laboratories in the US also found that a scenario with 
20% wind energy in the energy mix in 2030 could 
reduce cumulative water use in the electricity sector by 
nearly 8% (NREL, 2008).75 The International Renewable 
Energy Agency (IRENA) published a special report 
“Renewable Energy in the Water, Energy and Food 
Nexus” with the first comprehensive renewable energy 
scenario “REmap” for the key regions. This study 
found that increasing renewables penetration leads 
to a substantial reduction in water consumption and 
withdrawal in the power sector. Water withdrawals in 
2030 could decline by nearly half for the UK, by more 
than a quarter for the US, Germany and Australia, and 
over 10% in India.76

06     Averting the  
water crisis               
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Dry-cooling coal power  
plants - not a silver bullet
To address the water scarcity problem some countries, 
like China, South Africa, US and Australia, have been 
using dry-cooling systems.77 Dry-cooling systems in 
new inland coal plants have been seen to have the 
greatest water saving potential. However, experiences 
of dry-cooling reveal major challenges. For instance, 
using dry-cooling reduces the sent-out efficiency 
(the ratio of fuel consumed to energy sent out from a 
power station) of power plants by around 5-7%, and 
simultaneously increases carbon dioxide emissions and 
other air pollutants of coal-fired power plants by up to 
6%.78 

Also, dry-cooled coal-fired power plants still use a 
significant amount of fresh water for scrubbing air 
pollutants from smokestack exhaust air. This typically 
amounts to 20-25% of the water consumption of a 
typical re-circulating wet cooling system.79 This means 
that dry-cooled power plants can still have a very 
significant water demand, especially in water stressed 
areas.

The operation of dry-cooling plants is also very sensitive 
to ambient temperature conditions and efficiency losses 
accumulate rapidly in hot weather. This has created a 
situation where dry-cooled plants cannot effectively be 
operated in hot temperatures. China has been exploring 
the use of hybrid cooling, which in addition to dry-
cooling system has a wet cooling system to be used in 
hot temperatures. However, the double cooling system 
of hybrid cooling substantially multiplies the capital 
investments needed. Hybrid cooling systems also 
typically consume around 50–80% of the water that a 
standard wet-cooling system would require, reducing 
their water saving potential.80 All of this demonstrates 
that dry-cooling is by no means a silver bullet solution 
for reducing water demand from coal-fired power 
plants.

Rather than be distracted by these technological quick 
fixes, there are other much more important and effective 
policy changes that governments can implement that 
will result in major water savings. The risk of water crises 
cannot be avoided without tackling the fundamental 
reasons behind them - including coals’ intense water 
use compared to other energy sources.
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Red-list: the areas in need of urgent 
intervention due to water stress
Simply put, this report has shown that a high 
percentage of existing and new coal power plants are 
located in areas with high water stress and often with 
over-withdrawal of water. There are no technological 
solutions that exist to eliminate water demand by coal 
power; this significantly increases the risk of serious 
water crises and water conflict between major users. 
Water conflict exacerbated by coal is yet another 
reason to reconsider the role of coal in global energy 
production, in addition to the health impacts of air 
pollution, and impacts of climate change. To avoid 
serious consequences in the water/energy nexus, 
governments need to face the fundamental reasons 
behind this issue, and stop licensing and constructing 
new coal power plants in high water stress areas. 

As already outlined in Chapter 4, using geo-spatial 
analysis, this study has identified the red-listed areas, 
which, based on our data, indicate the need for most 
urgent intervention to address water stress by stopping 
licensing of new plants. But even scrapping plans for 
new power plants is not enough to avert the water 
crisis. Existing coal-fired power plants need to be 
phased out in these red-listed regions and coal plant 
clusters as well. In these areas there are often drastic 
levels of over-withdrawal of water, also impacted by coal 
power plants. These regions are prominent especially in 
China, India, US, Turkey and Kazakhstan. 

To measure the possibilities in water savings in the 
red-list areas, we carried out two analyses, the first 
to calculate the water saved for the phase out of the 
already functioning coal power plants and the second 
for the proposed plants. These showed significant 
water savings: 

1. The potential saved water use with the  
phase-out of coal-fired power plants in  
the over-withdrawn watersheds would be  
4.88 billion m3 per year of water consumption 
and 41.3 billion m3 per year of water withdrawal.

2. The potential avoided water demand if 
proposed plants in those areas are never 
implemented would be 3.184 billion m3 per year 
of water consumption and 9.53 billion m3 per 
year of water withdrawal. 
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Table 4: Top 5 countries that stand to gain the most water saving benefits from phasing out 
existing coal power plants in red-listed areas. (sorted by consumption):

CHINA

INDIA

US

KAZAKHSTAN

CANADA

GLOBAL TOTAL

358.494

36.342

22.001

6.911

1.689

453.206

3.427

1.080

0.227

0.036

0.023

4.884

29.124

5.638

1.648

2.711

0.635

41.343

Country
Water saving consumption 
median (billion m3/year)

Water saving withdrawal 
median (billion m3/year)Capacity (GW)

Table 5: Top 5 countries that stand to gain the most from avoided water use if proposed 
power plants in their red-listed areas are not implemented: (sort by consumption):

CHINA

INDIA

TURKEY

US

KAZAKHSTAN

GLOBAL TOTAL

237.393

52.528

7.870

1.851

3.240

318.343

1.834

1.156

0.098

0.020

0.020

3.184

6.543

1.307

0.119

0.025

1.363

9.533

Country
Water saving consumption 
median (billion m3/year)

Water saving withdrawal 
median (billion m3/year)Capacity (GW)
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‘To avoid serious 
consequences in the 
water/energy nexus, 
governments need to 
face the fundamental 
reasons behind this 
issue, and stop licensing 
and constructing new 
coal power plants in high 
water stress areas.’

image Dafeng Power Station is China’s 
largest solar photovoltaic-wind hybrid 
power station - April 2011. 
© Greenpeace / Zhiyong Fu
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Retirement at 40 – the water  
benefit of retiring old plants
Taking action in the countries mentioned above could 
achieve significant water savings in the most water 
stressed regions, but is not sufficient to turn around 
the global coal sector´s water use. In addition to red-
list areas, we examined the potential water savings of 

a ‘low hanging fruit’ - retiring coal-fired power plants, 
which have repaid their investments and are ripe for 
retirement.

To assess the impacts of phase out of operating coal-
fired power plants, we assessed the potential water 
savings if those more than 40 years old (as of 2015), 
that use freshwater for cooling, were retired.81  

Table 6: Water savings of retiring plants over 40 years old - as share of national 
total – top 5 countries. (sorted by withdrawal savings in million m3/year)

US

RUSSIA

UKRAINE

POLAND

KAZAKHSTAN

GLOBAL TOTAL

56805

10284

6554

3535

2156

95332

76262

18007

6721

7797

4613

255202

74%

57%

98%

45%

47%

37%

45%

53%

92%

38%

43%

16%

Country
Water 
savings %

Capacity 
share  
(>40 y.o.)

Withdrawal  
(plants >40 y.o.)
Million m3/year

Withdrawal 
(national total)
Million m3/year
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Table 7: Water benefits of retiring old plants in high water stress areas (baseline water stress >40%)  
– top 5 countries (sorted by withdrawal savings in million m3/year)

US

UKRAINE

CHINA

RUSSIA

KAZAKHSTAN

GLOBAL TOTAL

12%

39%

2%

7%

16%

8%

8.1%

37%

0.2%

10%

13%

3.5%

Country
Water 
savings %

Capacity 
share %

252.42

48.92

21.9

28.13

7.99

675.24

Consumption 
savings
Million m3/year

9400.88

2620.26

1371.9

1250.16

758.68

19159.62

Withdrawal 
savings
Million m3/year

76262.38

6720.54

78641.1

18006.67

4613.17

255202.14

national total 
withdrawal
Million m3/year

Our calculations found that retiring older, less 
water efficient, plants (16% of global capacity) 
can yield a huge 37% water saving in withdrawal 
globally, and 14% water savings in consumption.

Out of the plants that are over 40 years old, 63 GW 
are situated in high water stress areas, where baseline 
water stress is over 40% or in arid regions. The 
countries that stand to gain the most water benefits 
by retiring these plants are US, Ukraine, China and 
Russia; each stand to save over 1 billion m3 in water 
withdrawal per year, and the US in particular will save 
over 9 billion m3 in water withdrawal and 250 million m3 
in consumption.

If we change the retirement criteria for power plants 
which will hit 40 years of operation in 2020, the water 
savings are even more staggering - 51% of savings in 
withdrawal and 24% of savings in consumption can be 
achieved. This means retiring almost a quarter of global 
capacity (433GW).
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Total potential water savings

Table 8: Total potential water savings

Existing capacity 

Proposed capacity 

TOTAL (existing + proposed)

Phase out existing plants in 
over-withdrawn regions

Stopping proposed plants 
in over-withdrawn regions

Retiring plants  
>40 years old

Total water savings

Global total

Total water 
savings

Withdrawal median 
(billion m3/year)

Withdrawal 
median (billion 
m3/year)

Capacity 
(GW)

Capacity 
(GW) Share Share Share

25% of 
existing  
fleet

25% of 
proposed  
fleet

16% of 
existing  
fleet

1811.46

1294.60

453.21

318.34

281.29

1052.83

19.055

17.200

36.256

4.884

3.184

2.706

10.632

13%

9%

7%

30%

255.202

31.695

286.897

41.343

9.533

95.332

142.632

14%

3%

33%

53%

 
Consumption median 
(billion m3/year)
 

Consumption 
median (billion 
m3/year)
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In this section we have highlighted the regions and coal 
plant clusters requiring the most urgent intervention to 
avoid the current global water crisis from worsening. 
Phasing out the highest water impact coal plants listed 
above would achieve 143 billion m3/year of water 
savings in terms of withdrawal, and 11 billion m3 savings 
in water consumption, in the regions where water 
competition is most intense.82 11 billion m3 of water 
savings from water consumption alone would amount 
to the basic annual water needs of half a billion people.83  

This would require replacing 722 GW of existing coal 
plants and 318 GW of proposed plants with renewable 
energy, which requires little or no water.  Taken 
together, retiring the old coal plants and phasing 
out the plants in over-withdrawn regions can 

make a substantial contribution in the battle to 
avert the water crises.

The implementation of these phase-outs should be 
achieved by systematic replacement of the power 
capacity with renewable energy technologies and 
efficiency measures, which have far lower or almost no 
water needs. Although this task is challenging, there 
are already precedents of energy transitions of this 
magnitude: Between 2007 and 2009, China shut down 
and replaced 54 GW of small inefficient coal plants, 
equivalent to 7% of the national total capacity.84 Under 
the Energiewende in Germany, the share of renewable 
electricity rose from 6% to nearly 25% in only 10 years.85 
The increase of wind and solar PV is already scaling up 
to meet this challenge.86

BOX 6: 
Key measures to support the 
creation of policies on coal and 
water usage:
• Transparency around water regulation, 

without publicly available and up to date data it 
is not possible for policymakers to have proper 
oversight over water allocation , and thus create 
the right water saving policies. 

• Integrated water and energy planning, 
combining the analysis of existing water 
resources, their future development, changes in 
water demand from major users as well as the 
water necessary for the energy choices. 

• Setting strict targets on the use of water on 
a local level, by limiting the intake, consumption 
and levels of  pollution (anti-scaling and fouling 
agents, salt build up when using cooling towers).

• Setting strict limits for thermal heat 
discharge into receiving water bodies in  
case of once through cooling, strict seasonal 
limits (i.e. depending on water availability and 
ambient temperature of water and atmosphere). 

BOX 5: 
Urgent policy demands 
following on from this 
research:

1) Immediate stop to the licensing 
of any new and currently 
proposed coal-fired power 
plants in the red-list areas with 
over-withdrawal of water.

2) Plan for phase out of coal-fired 
power plants in the red-list 
areas as soon as possible.

3) Retiring of old coal power  
plants at 40. 
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‘When it comes to 
energy, we do have 
choices, many of 
which are not water-
intensive. Persisting 
with water-intensive 
coal, there can only be 
trade-offs with other 
essential human and 
ecological needs.’

image Wind turbines near Neurath coal plant 
and lignite mines, Germany – May 2015. 

© Bernd Lauter/Greenpeace
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Maintaining and further developing an 
energy system that continues to be heavily 
reliant on coal poses an additional and 
unacceptable danger to global water 
security, in addition to threatening climate 
stability, and human health.  The findings of 
this report clearly demonstrate that mining 
and burning coal pose a significant threat 
to water security in many parts of the world. 
The link between energy and water has far 
too long been ignored in planning. It is now 
becoming critical that energy and water 
policy makers finally begin speaking the 
same language in order to avert even more 
severe water crises.  It is our hope that this 
report will focus policy makers’ attention to 
the growing knock-on effects that energy 
choices are having on the global water crisis. 

There are plans to build some 2,668 new coal-
fired power plant units around the world over the 
next decade. These plants could plunge many 
regions already suffering severe water stress 
into serious drought, as well as increasing the 
risk of conflicts over already depleted water 
resources between agricultural, industrial and 
domestic users.

As this report clearly demonstrates, coal-
fired power plants are highly water-intensive. 
Each new plant will lock-in high water use for 
decades to come, adding tangible water stress 
to the region in which it is located. Because 
energy production is often equated with 
industrial activities and hence GDP growth, coal 
plants are often given priority access to water 
resources. However, as illustrated in chapter 5 
the consequences on the water catchments are 
not sufficiently considered, leading to conflicts 
between the use of water for energy, for other 
industries and agriculture.

Conclusion: moving away 
from the coal-water crisis 

07
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In a bid to raise awareness of the most critically 
over-withdrawn regions, we have identified 
water basins that will benefit most from 
transitioning away from coal. Considering that 
we already have the technology to generate 
electricity using little or no water (such as solar 
PV and wind), it is surprising that coal is still 
considered an option, and especially in these 
highly water stressed regions. 

These less water-intensive energy choices have 
so far been a somewhat overlooked option in 
the energy and water policy discussions. Most 
of the research into water use by the power 
sector ends with discussions around cooling 
water use efficiency, and does not even list the 
option of evolving the power generation beyond 
water-intensive thermal generation.

We hope that this study will spur new 
policy discussion in low-water use energy 
development. It has identified regions where 
urgent interventions are required. The first 
step to turn around the water over-use is 
transparency. Our observation in many countries 
is that the regulation and reporting of water use 
is extremely poor. A meaningful debate about 
energy choices needs to be tabled, especially in 
water stressed regions that are growing rapidly 
in energy demand. The fact is that when it 
comes to energy, we do have choices, many 
of which are not water-intensive. Persisting 
with water-intensive coal, there can only be 
trade-offs with other essential human and 
ecological needs. Governments and energy 
and water policy makers must take decisive 
action to phase out coal power to avoid 
these looming energy-water conflicts.  
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