
 

Low emission energy systems can create
water conflict without smart design
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Performance trade-offs of the most efficient strategic national-scale river
basin–power system designs. a–c, The results for the three intervention
strategies. Note, black rectangles on some axes of panels b and c serve as filters
of Pareto optimal solutions shown in panel a, thus highlighting some optimized
designs (the non-grayed out solutions) based on their performance levels. The
first four axes from left to right in a to c correspond to objectives (that is,
optimized design metrics), and the remaining four axes show three decision
variables of the design problem and one tracked metric (agricultural benefit).
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The top of panels of a–c is the direction of preference for each metric; a straight
line across the top of the y axis would indicate a ‘perfect’ WEFE intervention
portfolio. Crossing lines between axes represent trade-offs among metrics,
whereas a roughly horizontal line joining two metrics indicates a synergy. ako.,
Akosombo; US$mln, US$ millions. d, The spatial distribution of infrastructure
expansion for one selected efficient compromise solution of strategy three (the
bold black line in c), which includes significant levels of infrastructure expansion
in Ghana’s northern region (for example, a capacity increase of 0.8 GW,
corresponding to 76% of the total new bioenergy generation plants installed in
the country for the compromise solution). Hydropower providing flexibility
services can support high levels of intermittent renewables integration (up to 6.3
GW) and improve power system performance. However, this new role for
hydropower would increase hydrological (Hydro.) alteration and decrease
agricultural yields up to 5% annually, reducing the agricultural sector’s economic
revenues by US$169 million per year, strategy one. A mix of intermittent
renewable generation and bioenergy technologies can meet electricity demands
while improving all-round system performance and decreasing intersectoral
conflicts. That is why the red lines (representing the more diverse energy mix of
intervention strategy three) are higher up the y axis—they simply enable better
performance. vRES, variable (intermittent) renewable energy sources. Credit: 
Nature Sustainability (2023). DOI: 10.1038/s41893-022-01033-0

A new study published today in Nature Sustainability has found that
using hydropower dams to generate low emission energy can cause
problems for other economic sectors such as food production unless
smart designs are employed.

Access to sustainable electricity is required to deliver the UN's
Sustainable Development Goals, but more than 700 million people
around the world still lack reliable electricity access. Renewable energy
sources such as hydropower, wind and solar are increasingly being called
for to meet rising global electricity demand and climate objectives, and
energy planners and investors are rushing to reduce carbon dioxide
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emissions from electricity production.

The most common large-scale renewable energy today is hydropower—it
accounts for 40%, with 55% coming from solar and wind. Hydropower's
big advantage is its flexibility—the ability to turn it on or off quickly
means it can act like a vast battery, balancing the grid when wind and 
solar power are insufficient. When operated strategically, it can allow
systems to reply more on those intermittent sources of energy.

However, a study led by experts from The University of Manchester has
found that operating hydropower exclusively with this goal can have a
negative impact on other sectors like food production which rely on the
current way most hydropower dams are used—the production of a
consistent supply of "baseload" energy.

It highlights how power generation systems are embedded in complex
human–natural systems in which changes affect water, food and the
environment to differing degrees. The study shows how cleverly
diversifying renewable energy sources and connecting them strategically
can enable the creation of low emission resource systems that help the
global fight to mitigate climate change.

In Ghana, the researchers used a design tool assisted by artificial
intelligence to show how balanced management and investment
strategies can help to calibrate good roles and locations for hydropower,
bioenergy, solar and wind energies. They found that the solution is a
better design brought about by strategic thinking on a national scale and
careful multi-sector analysis.

If avoiding multi-sector conflict of hydropower reoperation is an
objective from the start, and mitigated with advanced system-scale
design methods, excellent solutions can be found which reduce
emissions as well as guaranteeing other economic sectors get water when
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and where they need it.

Navigating trade-offs to reduce greenhouse gas emissions requires
significant policy and operational integration within governments,
typically across multiple ministries—but few countries, if any, have the
ability to identify and negotiate such issues. This design tool will help
planners to consider the potentially negative impacts on water, food and
ecosystems of inappropriately re-operating energy systems to exclusively
increase intermittent renewables. Instead, it helps invest in power
systems in a way that balances multisector performance while reducing
CO2 emissions.

"Ghana has many development priorities alongside reducing greenhouse
gas emissions to meet our commitments under the Paris Agreement,"
said Dr. Emmanuel Obuobie, Senior Research Scientist at Ghana's
Council for Scientific and Industrial Research (CSIR). "This study shows
how different environmental, economic and social objectives can be
balanced at system scale when selecting infrastructure investments."

  More information: Jose M. Gonzalez et al, Designing diversified
renewable energy systems to balance multisector performance, Nature
Sustainability (2023). DOI: 10.1038/s41893-022-01033-0
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