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Disclaimer

This document has a restricted distribution and may be
used by recipients only in the performance of their official
duties. Its contents may not otherwise be disclosed
without the authorization of IsDB. The content including
boundaries shown on any map, colors, denominations,

and other information used in this report does not imply
any judgment or views on the part of IsDB nor its member
countries concerning the legal status of any territory or the
endorsement or acceptance of such boundaries

and information.
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About this Guidance Note

This energy sector guidance note was prepared by the World
Resources Institute (WRI) for the Islamic Development Bank
(IsDB) to enable IsDB project teams to integrate information
on climate risks into project design. It applies to energy
sector projects involving physical assets, largely focusing
on the electricity sector. The subsectors covered include
the following:

+  Thermal power projects
+ Hydroelectric power projects
+ Solar and wind power projects

« Transmission and distribution projects

2.

After a brief background on projected climate changes in the
regions where IsDB operates and their projected impacts on
the energy sector (Section 2), Section 3 explains the purpose
of this note within a broader climate risk management
process. It describes the steps involved in managing a
project’s climate change risks—beginning with climate

risk screening, followed by project impact and adaptation
assessments, and ending with project implementation.
Section 4 then describes the process of determining
potential climate impacts on energy sector projects and
identifying adaptation options to address those impacts.
Section 5 presents an approach to evaluate adaptation
options, and Section 6 concludes with case studies that
demonstrate a practical example of this approach.

Background: Climate Change and the Energy Sector

In 2017, a total of $3.9 billion was approved from IsDB’s Ordinary
Capital Resources. (1sbB 2017). IsDB approved 14 energy sector
projects for a total of US$1.2 billion in 2017 (1sbB 2017). These
included projects to extend energy access, construct thermal
power generation, finance renewable energy, and support
energy efficiency. IsDB operates in four core regions: the Middle
East and North Africa, sub-Saharan Africa, Europe and Central
Asia, and Asia and Latin America.’

Observed and projected climate changes vary across these
regions. Throughout much of Africa, temperatures have
increased by at least 0.5°C over the last 50 to 100 years,

with minimum temperatures rising faster than maximum
temperatures. In terms of model projections, it is likely that land
temperatures over Africa will rise faster than the global average,
particularly in the more arid regions. Data are lacking in much

of the region, making it difficult to draw conclusions about
trends in annual precipitation. However, annual precipitation has
likely decreased in the Sahel region and increased in parts of
eastern and southern Africa. There is considerable uncertainty
regarding projected precipitation patterns in sub-Saharan Africa,
but there is greater model agreement that precipitation will
increase in east Africa and decrease in north and southwest
Africa. Across the continent, climate change is expected to
exacerbate existing water stress (Niang et al. 2014).

In the past century, much of Asia has experienced warming
trends and increasing temperature extremes. There is little
agreement on projected precipitation patterns at a subregional
scale, but under a higher warming scenario (Representative
Concentration Pathway [RCP] 8.5), precipitation is likely to increase at
higher latitudes by the middle of the 21st century and in parts
of eastern and southern Asia by the late 21st century. Water
scarcity is expected to be a major challenge for most of Asia
due to increased demand and poor water management

4 | Islamic Development Bank

(Hijioka et al. 2014). In Europe, future climate projections vary
regionally, with projected temperature increases throughout

the region, precipitation increases in northern Europe, and
precipitation decreases in southern Europe. Across the
continent, climate projections indicate a marked increase in heat
waves, droughts, and heavy precipitation events (Kovats et al. 2014).

Lastly, significant trends in precipitation and temperature

have been observed in Central America and South America,

but the patterns vary regionally, with annual rainfall increasing
in southeastern South America and decreasing in Central
America and central-southern Chile. Increased warming has
been observed throughout the region, with the exception of

the Chilean coast. Increases in temperature extremes have
been measured in Central America and most of tropical and
subtropical South America, while more frequent extreme rainfall
in southeastern South America has produced more landslides
and flash floods. Under the RCP 8.5, climate models project a
mean reduction of 10 percent in annual precipitation for Central
America (with a reduction in summer precipitation) by 2100, a
decrease of 10 percent for tropical South America east of the
Andes, and an increase of 15 to 20 percent for southeastern
South America. One major concern is the melting of the Andean
cryosphere, which is altering the seasonal distribution of
streamflow. Combined with possible precipitation reductions
and higher evapotranspiration, this could lead to water
shortages, particularly for cities highly dependent on glacial
outflows (Magrin et al. 2014).

The potential impacts in the energy sector are varied across
energy supply, transmission, and distribution infrastructure.
For thermal fossil fuel-fired power plants and hydropower
electricity projects, the effect of climate change on water
resources is the critical issue. Changes in total precipitation
or precipitation variability could lead to changes in runoff that
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consequently alter hydropower generation.? Increased intra-
annual precipitation variability could lead to seasonal shifts in
power generation, creating potential for temporal mismatches
between electricity generation and demand. Reductions in
surface water availability due to decreased precipitation or
increased temperature could reduce the water available for
cooling in thermal plants, leading to curtailment. Increases in
temperature can reduce the efficiency of thermal conversion
as well (Arent et al. 2014).

Climate change may also affect renewable energy, such as solar
and wind. Increased temperatures can reduce the efficiency

of solar photovoltaics and concentrated solar power requiring
water cooling. Increased cloudiness in some areas with more
frequent rainfall would reduce solar generation capacity.
Extreme weather events, such as hail and heat waves, can
damage and more quickly deteriorate solar materials. For wind
power, changing weather patterns could change wind speeds

3. Project Climate Risk Management

and alter power outputs. Floods and coastal storm surge can
physically damage all types of power generation assets.

For electricity transmission and distribution infrastructure,
increases in temperature can lead to greater electricity losses
and reduce the capacity of lines. Extreme weather events, such
as storms, high winds, and hurricanes, can physically damage
overhead lines, towers, poles, and substations, while extreme
high temperatures can cause lines and transformers to overheat
(Arent et al. 2014).

There are also a number of indirect effects of climate

change. Studies indicate that overall climate change will lead
to increased energy demand in most regions of the world;
increased cooling demand will generally outweigh reductions
in heating demand. In macroeconomic terms, energy-related
economic impacts are projected to be negative for developing
countries and positive in developed countries (Arent et al. 2014).

This guidance aims to help project teams incorporate
climate change considerations into project planning and
design. It will support the broader climate risk management
process, which begins with climate risk screening and
concludes with project implementation. Figure 1 below
briefly summarizes the climate risk management process.?
Though the terminology and precise sequencing of steps
vary, many comparable institutions, including multilateral
development banks and bilateral development agencies,
apply processes similar to the one described in Figure 1.

The first phase of the process is climate risk screening.
IsDB plans to begin using Acclimatise Aware, a climate risk
screening tool, for this phase.* It will use Aware at the early
concept stage for all projects involving physical assets.

In addition to generating an overall climate risk ranking,
Aware identifies key climate risk areas for the project,

88 diroiill oty elidll
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based on project category and location. If the initial climate
risk screening using Aware indicates that a project has
some level of climate risk, project impact and adaptation
assessments follow. This guidance note is meant to support
those phases of the climate risk management process.

Climate risk screening and project impact assessment
together establish the climate change vulnerability
context of a project. That context informs the adaptation
assessment that follows, which aims to identify those
measures best suited to reduce climate vulnerability,
thereby establishing a direct link between specific project
activities and the overall objective of reducing climate
vulnerability. The sections that follow discuss project
impact and adaptation assessments in greater detail.

Energy Sector Guidance Note | 5




FIGURE 1: CLIMATE RISK MANAGEMENT PROCESS

CLIMATE RISK SCREENING

Preliminary, rapid assessment of the risks posed to a planned project as a result of climate change.
Tools and methodologies used include Acclimatise, Aware; World Bank, Climate and Disaster Risk
Screening Tool; International Institute for Sustainable Development, Community-Based Risk
Screening Tool—Adaptation & Livelihoods (CRIiSTAL).

PROJECT IMPACT ASSESSMENT

* Identify the climatic variables of interest for the project. These may
include meteorological (e.g., temperature, precipitation); hydrologic
(e.g., runoff volume, groundwater recharge, soil moisture); and other
environmental (e.g., sea-level rise) variables. When their impacts are
harmful, these variables are referred to as climate hazards.

ADAPTATION ASSESSMENT

* Establish * |dentify * Use a multi-criteria approach to appraise adaptation
adaptation adaptation options (e.g., functional effectiveness, technical feasibility,
objective. options. affordability, stakeholder acceptability, etc.).

IMPLEMENTATION

« Establish implementation arrangements for selected adaptation measures (determine roles and
responsibilities; identify needs for technical support and capacity building, etc.).

Sources: ADB 2014b; ADB 2013; USAID 2015; GIZ 2014
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* Identify the changes in environmental -
conditions (or system impacts) likely
to follow from changes in the above
variables (e.g., reduced raw water
quality, increased evapotranspiration,
increased frequency of floods).

+ Conduct economic * Select
assessment of shortlisted adaptation
adaptation options. strategy.

Determine the vulnerability of different

project components to changes in

environmental conditions. Vulnerability is This

a function of th project’s exposure, guidance

sensitivity, and adaptive capacity to a specific note can

climate hazard. help to
inform
these
steps.

« Stakeholder engagement is critical to all

of these steps.

* Provide for ongoing monitoring and evaluation.

Energy Sector Guidance Note | 7
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|dentifying Potential Impacts and Adaptation Options

As explained above, the Aware climate risk screening tool
identifies the key climate risk areas based on the project’s
type and location. Project teams can use this information,
along with other available climate data and expert judgment,
to determine which climate hazards are most likely to be
relevant for a project. The World Bank'’s Climate Change
Knowledge Portal® and The Nature Conservancy’s Climate

Identifying Potential Impacts

The decision trees below can guide project teams in
identifying potential climate vulnerabilities of projects
involving thermal power (Figure 2), hydroelectric power
(Figure 3), solar and wind power (Figure 4), and transmission
and distribution (Figure 5). For example, if the Aware tool
flags drought as a key risk area for a proposed thermal
power plant project, the project team would see that water
scarcity could restrict the plant’s access to cooling water,
which could jeopardize the continued operation of any plant
using a wet cooling system (see Figure 2).

However, project teams must be aware of several important
caveats in using the decision trees. First, the trees provide
a generalized overview of potential impacts, but climate
change is likely to affect different types of projects across
different regions in diverse and highly context-specific ways.
Second, the different climate drivers cannot be viewed in
isolation. Instead, project teams must consider how the
various drivers interact with each other. Some climate
drivers may amplify one another, while others counteract
one another. At the same time, a variety of nonclimate
factors, such as population growth, land-use change,
economic development, and urbanization, could pose

Identifying Adaptation Options

Once a project team determines potential project
vulnerabilities, it can proceed to identifying possible
adaptation solutions. An important preliminary step is
defining the objective of adaptation. In setting objectives,
project teams should consider what vulnerabilities they
seek to address and what their desired outcomes are.
Seeking input from relevant stakeholders for this stage and
throughout the process will improve the likelihood that the
ultimate adaptation decisions are deemed successful

(UK Climate Impacts Programme 2007).
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Wizard® are two examples of publicly available tools
for identifying location-specific climate information
(USAID 2017a).” From there, project teams can begin to
evaluate the likely impacts and potential adaptation
responses. This section provides tools to support
this evaluation.

significant challenges to the energy sector (USAID 2014).
In many instances, these nonclimate stressors interact
with climate stressors in similarly complex ways (USAID 2014).

Third, the decision trees focus primarily on the potential
physical impacts of climate change, but climate change
could affect the energy sector in diverse ways, including
direct and indirect physical impacts and a variety of
nonphysical impacts. Potential nonphysical impacts
include market, legal, and reputational impacts. Climate
change could cause shifts in demand. For instance, rising
temperatures and extreme heat could prompt increased
electricity demand for cooling (Ebinger and Vergara 2011).
Changing conditions could also lead to revised regulatory
requirements. Because nonphysical impacts tend to be
context- and project-specific, they are not the focus below.
The precise legal impacts, for example, will depend entirely
on the legal and regulatory framework in the project country
or the specific contractual arrangements underlying a
project. That said, upon identifying potential physical project
vulnerabilities, project teams should consider whether

such vulnerabilities could have follow-on, nonphysical
consequences for a particular project.

Ideally, the objective would include specific timelines
and measurable thresholds for what would and would
not be considered successful adaptation. For example,
the objective could be to achieve a certain level of flood
protection (e.g., protect facility from physical damage

by 100-year flood event or ensure facility remains fully
operational during 50-year flood events) or a certain
degree of resilience by a certain date (e.g., ensure facility
can resume operations within five days of a 100-year
flood event).
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FIGURE 2: DECISION TREE FOR THERMAL POWER PROJEC

CLIMATE HAZARD

SYSTEM IMPACTS |

Increasing precipitation or frequency of extreme | Sea-level rise and storm surge

precipitation events

High winds, | Increased Saltwater Increased Higher temperatures;
associated | flood risk intrusion of electricity more frequent &
with and water coastal aquifers/ | demand for intense heat waves
storms turbidity surface water cooling

PROJECT VULNERABILITIES |

ADAPTATION OPTIONS

=

Potential damage to Plants that provide peak power Decreased efficiency
infrastructure; disruption may struggle to produce of thermal conversion;
of operations; inability to adequate power to meet peak reduced output
access plant; increased summer demand

maintenance cost

I
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v'Incorporate climate change into site assessment; avoid siting new
plants in high-risk areas

v"Adopt design standards that account for projected increased flood risk
or wind loading

v'Incorporate flood protection measures, including built and/or green
infrastructure, into plant design to protect key infrastructure

v'Install waterproofing features (e.g., concrete moat walls, floodgates
and watertight doors, sluice gates, reinforced walls, submersible
pumps, etc.)

v'Relocate or elevate critical equipment

v'Reinforce elevated structures (e.g., cooling towers, water towers,
smokestacks, etc.) to withstand greater wind loading

v'Develop alternative fuel delivery options and improve protection for
fuel storage

v'Improve emergency management plans and performance monitoring
systems (including real-time monitoring and early warning systems)

v'Install filtering system to reduce turbidity and remove suspended solids

vInstall
additional
generation
capacity

v'Diversify
energy
sources

v'Promote
demand-
manage-
ment and
end-use
energy
efficiency
measures

mic Development Bank




TS

Temperature increase Decreasing precipitation Increasing variability in
and drought precipitation patterns

I

Higher water Increased Increased Reduced Reduced Increasing
temperature surface demand for | snowpack/ earlier runoff and variability in runoff
evaporation competing snow melt alter surface water and flow rates
water uses runoff patterns resources
Plants with wet cooling systems: Plants with wet cooling systems: Plants with wet cooling systems:
Reduced efficiency of cooling Decreased cooling water Decreased reliability of cooling
system; potential curtailment or availability could disrupt operations, | water supply complicates
shutdown if water temperature particularly for plants with once- operational management,
exceeds technical specifications through cooling systems particularly for plants with once-

through cooling systems

I

v'Site new plants
in cooler areas,
if possible

v'Add or improve
cooling and
ventilation
equipment to
improve system
performance

v'"Maximize
efficiency in
transmission
and distribution
(see
transmission
and distribution
decision tree)

mic Development Bank

vIncorporate climate change into site assessment; avoid siting new plants in water-
stressed areas

v'Install water-saving cooling technology (closed-loop, hybrid wet-dry, or dry cooling),
if possible

v'Install water treatment system so that plant can use saline water for cooling purposes

v'Install equipment capable of using alternate water sources (e.g., brackish groundwater,
municipal wastewater) for cooling

v'Secure back-up water supply

v'Install monitoring systems on source water supplies and develop operating procedures
for low water conditions

v’Account for changes in water levels and temperatures in design and placement of cooling
water intake and outflow system channels and pipes

v'Ensure proper design of water intake and discharge systems

v'Promote demand-management and end-use energy efficiency measures

v'Diversify energy sources (supplement with technologies that are less dependent
on water)

v'Support water-use efficiency and demand-side management in other water uses,
such as agriculture
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FIGURE 3: DECISION TREE FOR HYDROELECTRIC POWER |

CLIMATE HAZARD

Increasing variability in
precipitation patterns

Temperature increase

SYSTEM IMPACTS

J|L

ADAPTATION OPTIONS

Increasing Increased | Higher rates of glacial melt Reduced snowpack and
variability in | electricity | may increase near-term runoff | earlier snow melt alter
runoff and demand and decrease long-term runoff | runoff patterns

flow rates for cooling

PROJECT VULNERABILITIES

Increased variability
and reduced reliability
of output (particularly

for run-of-river
hydropower plant)

| I

Plants that provide peak power
may struggle to produce
adequate power to meet peak
summer demand

Potential increase in near-
term generation, decrease
in long-term generation
(in glacial-fed rivers)

12 | Islamic Development Bank

v'Install v'Select turbines v'Site new hydropower plants based on
additional and other projected changes in flow regime
generation equipment that v'Develop integrated water management plans
capacity perform well that account for changing climate conditions/
v'Diversify over a range of water availability
energy flows (e.g., install | v"Support water-use efficiency and demand-side
sources multiple turbines management in other water uses, such
v'Promote in varying sizesto | as agriculture
demand- allow operation v'Diversify energy sources (supplement
management over a wide range hydropower generation with technologies that
and end-use of flows) are less water dependent)
energy vIncrease dam v'"Modify the number and type of turbines that
efficiency height to are most suited for expected water flow rates;
measures accommodate upgrade turbine runners to increase ability to
near-term operate in lower-capacity conditions
or seasonal vIncrease water storage capacity to capture
increases more water during wetter periods
in runoff




PROJECTS

Decreasing precipitation and drought

Increasing precipitation or frequency of extreme
precipitation events

Increased Increased Reduced runoff, Increased Increased runoff;  Increased
surface demand for | lower surface water sedimentation from  increased surface flood risk
evaporation competing levels, and increased | upstream erosion water flows

water uses water scarcity and deposition

| — |

—

Potential declinein | Less water More rapid More water Potential damage to
summer production | available for siltation of available for infrastructure; service
as earlier snowmelt | generation; reservoirs and generation; disruption; and increased

shifts peak reduced output
production earlier in | and operational
the year flexibility

|

deterioration of
turbines, resulting
in lower output

likelihood of emergency
releases causing downstream
flooding

increased output
and operational
flexibility

v'Implement erosion control measures
(e.g., slope stabilization, planting
vegetation, or installing drainage pipes
in hillsides) to reduce siltation

v Implement system of regular
inspection and maintenance to attend
to possible increase in wear and tear
on turbines

v'Employ sediment expulsion technology

v'Install controllable spillway gates to
flush silted reservoirs

v'"Modify the number and type of turbines
to better suit expected increase in
suspended sediment loads

vIncorporate climate change into site assessment; avoid siting new
plants in high-risk areas

v’Adopt design standards that account for projected increase in
peak flows

v'Design more robust dams and infrastructure for heavier flooding
and extreme events

v'Incorporate flood protection measures, including built and/or
green infrastructure, into plant design to protect key infrastructure
(intake structure, power house, etc.)

vIncrease dam height and/or build small dams upstream to capture
increased peak flows

v'"Modify existing spillways to increase discharge capacity

v'Develop flood-management plans and improve flood risk and plant
performance monitoring systems (including real-time monitoring
and early warning systems)
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FIGURE 4: DECISION TREE FOR SOLAR AND WIND POWER

CLIMATE HAZARD

Decreasing precipitation and drought Temperature increase

SYSTEM IMPACTS

Reduced runoff; lower water Increased evaporation; Higher average
levels in rivers and lakes reduced snowpack or temperature; increased
earlier snowmelt frequency and intensity

of heat waves

PROJECT VULNERABILITIES

Decreased cooling water Reduced Altered wind power potential;

availability for concentrated | efficiency of increased variability in wind

solar power systems with solar cells and patterns challenges accurate

water cooling concentrated solar prediction of output and
power systems financial viability

with water cooling

L |

ADAPTATION OPTIONS

v’Avoid siting new CSP with water coolingin | v'Site systems in cooler | v’Incorporate
water-scarce areas areas, where possible expected changes
v'Install water-saving cooling technology v'Choose photovoltaic in wind speeds into
(closed-loop, hybrid wet-dry, or dry cooling) modules with more site assessment
v'Use alternative water sources heat-resistant vImprove reliability
(e.g., brackish groundwater, photovoltaic cells of expected output
municipal wastewater) and module materials with better climate
v'Consider changing water levels/ designed to modeling
temperatures in design and placement of withstand high v'Use smart grid
cooling water intake and outflow system temperature peaks technologies to
channels and pipes v’Add or improve cooling ensure system
v'Install monitoring systems on source water | and ventilation; adopt reliability despite
supplies; develop operating procedures for designs that enhance potential variability
low water conditions passive airflow in renewable
v'Diversify energy sources beneath mounting resources
(supplement with technologies that are structure or use active
less water dependent) cooling systems

14 | Islamic Development Bank
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PROJECTS

Increasing precipitation or frequency of extreme

precipitation events

Sea-level rise and storm surge

Potential changes in
distribution, average
speed, variability, and
timing of winds

Higher temperatures
and relative humidity
may increase cloud

cover in some areas

More frequent rain
increases cloud
cover and reduces
solar radiation

Extreme Increased wave | Increased
winds height or force flood risk/
associated | associated with | coastal
with storms and inundation
storms hurricanes

Reduced solar energy
output, particularly
for concentrated
solar power systems,
which cannot use

Deposition of
dust/sand on or
damage to solar
systems; reduced
efficiency; increased

Damage to or

maintenance
costs

shutdown of wind
turbines; reduced
output; increased

Damage to offshore
turbines, foundation
instability, or cable
exposure; increased
maintenance costs

Damage to turbine
foundations;
saltwater corrosion
in coastal areas;
increased
maintenance costs

diffuse light maintenance costs

v'Account for projected
changes in cloud cover
in site assessment

v'Use photovoltaic technologies
that best capture diffuse
light (e.g., panels with
rougher surfaces)

v'Optimize fixed mounting
angle or apply tracking
system to adjust angle for
diffuse light conditions

v'Install or increase
storage capacity

v'Use smart grid technologies
to ensure system reliability
despite potential variability in
renewable resources

Wind & Solar

v’Incorporate climate change into site assessment; avoid siting projects in excessively
risky areas within pipes

v'Develop emergency response plans

v'Ensure presence of rapid emergency repair teams to repair damaged turbines quickly

v’Insure against impacts of storms on infrastructure and on long-term yield

v’Conduct regular inspection and maintenance to ensure equipment integrity

Wind

v'Design turbines that can operate at and physically withstand higher wind speed and
increases in wind-sea force

v'Use lidar-based protective technology

v'Design turbine foundations to withstand increased flooding and erosion

v'Use corrosion-resistant component materials

Solar

v'Design systems to withstand high or fluctuating winds

v'Ensure tracking units and raised mounting structures are sufficiently robust
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FIGURE 5: DECISION TREE FOR TRANSMISSION AND DIST

CLIMATE HAZARD

Temperature increas

SYSTEM IMPACTS

Higher average
temperature; increased
frequency and intensity of

heat waves
| | L

Decreasing precipitation
and drought

| L

Increased electricity demand Increased fire risk

for cooling

PROJECT VULNERABILITIES

Increased resistance lowers line carrying
capacity and increases system transmission

Increased electricity
demand for cooling
could strain capacity,

Lines expand
and sag posing
potential safety

hazard and decreasing system
increasing chance | reliability
of outages

ADAPTATION OPTIONS

v'Site substations and transformers
in cooler locations, where possible

v'Install additional
transmission

v'Increase vegetation
management efforts

v'Consider underground capacity (tree trimming,
distribution systems v'Employ demand- | forest thinning,

v'Employ shading and more management prescribed burning)
effective cooling systems for measures v'Site equipment in areas

less prone to wildfires
v'Replace wood poles and

v'Employ smart
grid technologies

substations and transformers
v'Replace old equipment with

equipment that has a higher to increase support structures with

thermal rating efficiency fire-resistant materials
v'Reduce distance between and reduce (steel or concrete)

transmission towers and increase peak loads v’"Use covered or insulated

tower heights

v'Increase tension in the line to
reduce sag

vInstall smart grid devices to
speed identification of faults
and service restoration

conductors on overhead
lines to reduce risk of
ignition if trees contact
overhead lines

Sources (Figures 2-5): ADB 2012; ADB 2013; Cox 2016; Cox 2017; Davis and Clemmer 2014; Gundlach and Webb 2018; Nierop 2013; Patt, et al. 2013; Pryc
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RIBUTION PROJECTS

Increasing precipitation or frequency of extreme

weather events

Sea-level rise and storm surge

I

High winds, associated with
storms/ hurricanes

Increased erosion, land movement, Increased flood risk

and mudflows

Damage to Storm- and fire-related grid
equipment, outages increase repair
including costs and disrupt economic

wooden poles,
conductors, and
insulators

N

recovery efforts

Damage to tower structures and
equipment mounted at ground
level in substations

Damage to overhead
lines, utility poles, and
transmission towers

activity, critical services, and

v'Develop island-able microgrids and
back-up generators to
keep certain loads operational
during outages

vInstall smart grid devices to speed
identification of faults
and service restoration

v'Increase redundancies in system;
increase flexibility and ability to
reroute during outages

v'Use of distributed generation
systems, which can reduce need for
large facilities in high-risk areas

v'Increase emergency management
and response planning

v'Utilize mobile transformers
and substations

v'Avoid locating equipment in high-risk areas

v'Relocate and/or elevate critical equipment

v'"Conduct regular inspection and maintenance to ensure
equipment integrity

v'Increase flood protections, including built and green infrastructure,
near substations

v'Increase coastal protections, including sea walls and naturally-
occurring protections, like sand dunes and wetlands

vInstall water-level monitoring systems and communications
equipment inside vulnerable substations

v'Install equipment that is submersible and resistant to corrosion by
salt water

v Implement erosion control and slope stabilization measures

v'Design equipment to withstand maximum expected wind loading

v'Reinforce towers and poles

v'Trim trees near power lines to prevent damage from high winds

v'Consider underground distribution systems

r and Barthelmie 2010; Schaeffer, et al. 2012; Stuart 2018; USAID 2017b; Hellmuth, et al. 2017; Zamuda, et al. 2013; Zamuda, et al. 2015.

s dioiill saolludl elidl
elopment Bank

Energy Sector Guidance Note | 17



» Does the adaptation measure accomplish the » Are the operations and maintenance costs of the

desired outcome? measure sustainable?
» Does it do so within an acceptable timeframe? +  Cobenefits
+ Technical feasibility » Does the measure support other climate-related

» Is the measure technically feasible in the project (e.g., carbon sequestration) or development

location? objectives (e.g., economic security, private sector

- development, institutional strengthening)?
+ Affordability
The project team would then agree on a scale or metric

» Are upfront costs of the measure affordable? - N .
P for each criterion. In some cases, quantitative metrics,

» Are operations and maintenance costs of the like cost, may be available. In others, qualitative metrics
measure affordable? can be translated into a numerical form (e.g,ona1to 5

- Stakeholder acceptability scale) (USAID 2013; Van lerland et al. 2013). Project teams could

also attach different weights to different criteria to reflect

» Does the measure have cultural, economic, L
relative importance (USAID 2013).

or environmental effects that could influence
stakeholder or community acceptance? Next, the project team would score projects, incorporating
- Ease of implementation the different adaptation alternatives against each of the

criteria. As described above, the performance of different
» Are there factors (e.g., those related to human capital,

availability of materials, or existing technical skills)
that may impede implementation?

options will depend on projected climate conditions. For
example, evaluating the functional effectiveness of a
planned shoreline protection measure would require

+ Flexibility/Robustness sea-level-rise projections for the lifetime of the project.

» How effective will the measure be in the face of Finally, the project team would compare the weight-

. PSR
uncertain future conditions? adjusted scores of the various alternatives
+ Sustainability (UNFcce 2011). The project team could use the
» Does the measure have lasting impact? outcome to produce a short list of preferred options

that perform best against the selected criteria.

Box 1 | Soft Adaptation Options

Soft adaptation encompasses management, operational ~ Other examples of soft adaptation measures include
or policy changes, and capacity-building and knowledge-  policy measures, such as modifying design standards
management activities. Many soft adaptation measures  for transmission and distribution infrastructure to

are not specific to a particular subsector or category of increase resilience; capacity-building efforts, like
project and, instead, are sensible across a wide range training on or demonstrations of end-use energy
of projects. For example, improved data collection and efficiency measures; and institutional changes to
forecasting capabilities, climate information services, support mainstreaming consideration of climate

and early warning systems may be critical to the success change into development and sector strategies.
of projects in any of the subsectors this note covers.
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Detailed Economic Assessment

The remaining options can then be evaluated in greater
detail using a quantitative economic assessment.

Two possible techniques for economic assessment of
adaptation options are cost-benefit analysis and cost-
effectiveness analysis (GIz 2013; UNFCCC 2011).

+ Cost-benefit analysis

Cost-benefit analysis (CBA) involves quantifying (in present-
value terms) and comparing the costs and benefits of an
adaptation investment to determine its likely efficiency
(UNFccc 2011). CBA is generally the preferred technique,

so long as all costs and benefits of adaptation can be
expressed in monetary terms (G1z 2013). Adaptation costs
include direct costs, like initial investment and operating
costs, as well as any indirect costs, like transitional costs or
social welfare losses (UNFccC 2011).

Adaptation benefits include benefits accrued and losses
avoided as a result of an adaptation measure (IPCC 2007).
As such, adaptation benefits are assessed relative to a
project baseline (i.e., the project without adaptation).” The
appropriate project baseline and net benefits of different
adaptation options relative to that baseline are ultimately
dependent on future climate conditions. Project teams
first assess the costs and benefits of the project baseline
under projected climate conditions. Where multiple future
scenarios are plausible, there would be multiple baselines
(European Commission 2013). They then assess the net benefits
of various adaptation alternatives relative to the baseline(s).

Adaptation projects often involve impacts on things like
public health, environmental quality, or cultural heritage.
These sorts of nonmarket costs and benefits are difficult
to quantify but should not be excluded from any economic
analysis conducted. Instead, techniques like contingent
valuation should be used to estimate nonmarket costs and

Incorporating Uncertainty into Adaptation
Decision-Making

Traditional economic assessment techniques, like those
described above, assume an ability to confidently predict
future climate conditions or at least attach probabilities to
possible future scenarios. In reality, there is considerable
uncertainty about the speed, direction, and magnitude of
future climate changes in many regions, particularly on

the scale relevant to a specific project (Ranger et al. 2013).
Uncertainty has countless sources, including uncertainty
about emissions trajectory and uncertainty stemming from
climate models and efforts to downscale model projections
to regional or local levels, particularly in areas with complex
topography (ADB 2015). Questions surrounding future
socioeconomic development, population growth, and other
nonclimate stressors only add to this uncertainty.
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benefits, where possible (UNFccc 2011). Contingent valuation
uses the stated preferences of impacted individuals to
estimate the economic value of nonmarket goods, like
ecosystem services. For example, contingent valuation
could be used to estimate the monetary value of an artificial
wetland’s benefit to water quality by asking impacted
individuals how much they would be willing to pay for an
equivalent water quality improvement.

Having quantified all costs and benefits, project teams
discount them to present value and aggregate them to
compute the net present value (NPV) of each alternative.
The NPVs of different adaptation options can then be
compared to identify the most suitable option or options.

+ Cost-effectiveness analysis

Cost-effectiveness analysis identifies the least cost option
or set of options for achieving adaptation objectives
(UNFccc 2011). It can be applied when adaptation benefits are
difficult to quantify and express in monetary terms.'> Cost-
effectiveness analysis may also be appropriate in situations
where the issue is not whether to adopt adaptation
measures, but rather, how to achieve a certain level of
adaptation in the most cost-effective way.

Like cost-benefit analysis, this technique requires planners
to quantify (in monetary terms) the various costs of
adaptation options. Project teams quantify all costs,
discount them to present value, and aggregate them. Rather
than quantifying project benefits in monetary terms, project
teams quantify them in physical terms (Watkiss et al. 2013). The
unit of measurement depends on the adaptation objective.
Project teams can then compare different options in terms
of their cost effectiveness, measured as cost per unit of
benefit delivered.

The presence of uncertainty does not invalidate techniques
like cost-benefit analysis or cost-effectiveness analysis,
but decision-makers must take uncertainty into account,
and doing so might require them to alter their decision-
making approach. Traditional decision-making processes
predict future conditions and design projects that perform
optimally under those conditions. Alternatively, if multiple
future states are possible, probabilities of occurrence can
be attached to the different future states, and projects can
then be designed to maximize expected NPV. As uncertainty
increases, however, this sort of “predict-then-act” approach
becomes less applicable (Hallegatte et al. 2012).

Rather than using economic assessments to identify
the optimal solution for a single, best-guess projection,
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decision-making under uncertainty is focused on increasing
the robustness of a project—that is, the project’s ability

to fulfill its intended objective across a range of plausible
futures (Hallegatte et al. 2012). Certain simple strategies exist
for adding robustness to traditional decision-making
processes (Ray and Brown 2015).

« Incorporating safety margins into adaptation planning
(Hallegatte et al. 2012). Where the marginal cost is low,
incorporating safety margins into adaptation planning
is a practical way to deal with uncertainty over future
conditions. Increasing the height of a planned sea wall
to hedge against the worst-case scenario is an example
of a safety margin strategy (Ray and Brown 2015). Factors
such as incremental cost, consequences of system
failure, and life span of the asset would all inform the
size of any safety margin incorporated into a project
(Ray and Brown 2015). This sort of conservative approach is
especially important when the adaptation measure under
consideration is irreversible (Hallegatte et al. 2012).

« Stress testing the outcomes of economic assessments
using sensitivity analysis (Penning-Rowsell et al. 2013).
Sensitivity analysis tests how changes in key parameters
impact project performance (Ray and Brown 2015; Penning-
Rowsell et al. 2013). In particular, project teams can test the
sensitivity of the project’s NPV to changes in uncertain
variables, such as rainfall projections (ADB 2015). While
a practical tool for exploring the possible impacts of
uncertainty on project performance, sensitivity analysis
is subjective, relying on judgment rather than empirical
evidence, and as such, is of limited usefulness in the
presence of substantial uncertainty (ADB 2015).

+ Identifying no-regret and low-regret measures to
implement in the near term that will yield benefits
regardless of the nature and extent of climate change.
No-regret and low-regret options are beneficial even if
climate projections end up being incorrect
(Hallegatte et al. 2012). An example is use of weather
forecasting and climate information to improve
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operational management. One way to identify no- or
low-regret strategies is to recognize present problems
that can be cost-effectively addressed using measures
that also reduce longer-term climate vulnerabilities; in
fact, addressing current adaptation deficits is often an
effective near-term, no-regrets strategy

(Hallegatte et al. 2012).

Decision-making under uncertainty also emphasizes
flexibility. Because uncertainty will decrease over time,
flexible approaches that can be modified or reversed as
more information becomes available are preferable

(UNFcce 2011). This includes both structural and planning
flexibility. Structural flexibility involves engineering features
so that infrastructure can be enhanced in the future if climate
impacts are high. Planning flexibility refers to decision-making
that is intentionally iterative and designed to be adjusted over
time (UNFccC 2011).

In situations of greater uncertainty (situations involving
investments in long-lived infrastructure, for instance), project
teams may need to turn to new, more complex methodologies
specifically designed to support decision-making in the
context of uncertainty. These include robust decision-making
(Lempert et al. 2006; Lempert et al. 2013; Hallegatte et al. 2012; Swart et al.
2013), real options analysis (Swart et al. 2013; Hallegatte et al. 2012;
Linquiti and Vonortas 2012), and portfolio analysis (Swart et al. 2013).
The details of these methodologies are beyond the scope

of this guidance, but briefly, robust decision-making uses
sophisticated analytical tools to identify adaptation strategies
that perform well over a wide range of possible future climates
(Ray and Brown 2015). Real options analysis extends more
traditional cost-benefit analysis to explicitly include valuation of
the flexibility or adaptability of design options; it can be useful
in deciding whether to invest in adaptation immediately or to
delay investment (Hallegatte et al. 2012). Portfolio analysis guides
the selection of a set of adaptation options (rather than a single
option) that together perform well across a range of plausible
future climates (Hunt and Watkiss 2013).
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6. (ase Studies

The following case studies provide illustrative
examples of how the above processes might look in
practice. The first introduces a European Bank for
Reconstruction and Development (EBRD) and Pilot
Program for Climate Resilience (PPCR) project in
Tajikistan, where detailed climate and hydrological

Enhancing the Climate Resilience
of Tajikistan's Energy Sector

In 2014, the EBRD, together with the PPCR, approved funding
for a project entitled Tajikistan: Enhancing the Climate
Resilience of the Energy Sector (PPCR 2013). As part of this
project, EBRD undertook the first phase of a program

to rehabilitate and upgrade the Kairakkum hydropower

plant on the Syr Darya River. The 126 megawatt (MW)
hydropower plant is the only major energy generation facility
in northern Tajikistan, where it serves 500,000 households.
Constructed in the 1950s, it consists of an earthfill dam and
a combined powerhouse and spillway structure (EBRD 2015).

Over 90 percent of Tajikistan’s power comes from
hydropower, and climate change could have significant
implications for future hydropower generation capacity,
as well as peak supply and demand management. Since
1950, Tajikistan has experienced a 1.2°C increase in
average temperatures, with the most rapid warming
occurring in winter months. Total rainfall has dropped
by about 20 percent since 1950 (EBRD 2015). Climate
projections for Tajikistan indicate that temperatures will
continue to rise, and overall precipitation will continue
to fall (ADB 2017b). Climate projections also suggest that
extreme weather events, including floods, droughts, and
storms will occur with greater frequency (ADB 2017b).

Higher winter temperatures mean that a smaller proportion
of total precipitation has fallen as snow in recent years.
The country has also seen a significant increase in the

rate of glacial retreat and thinning across a number of river
basins. These trends, which are likely to continue, have the
potential to increase water supply runoff and snowmelt

in the near to medium term, while sharply reducing water
supply in the longer term (ADB 2017b). Moreover, climate
projections suggest that the hydrologic cycle will become
increasingly variable. This variability could affect future
river flows and long-term water availability for hydropower
production. Increasingly frequent extreme weather events,
including floods and drought, will complicate peak supply
and demand management and could jeopardize dam safety.

To better understand the potential vulnerably, EBRD
oversaw an in-depth analysis of the implications for
climate change for hydropower production in Tajikistan
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modeling was used to assess climate impacts on

a hydropower plant and to design appropriate risk-
reduction measures for that plant. The second describes
a thermal power plant project in Bangladesh, and the
Asian Development Bank’s (ADB) process of assessing
project vulnerabilities and adaptation options.

(Wilby et al. 2011). It used this analysis as the basis for
designing upgrades to the Kairakkum hydropower plant.

For the vulnerability assessment, experts sought to
quantify water flows into the Kairakkum reservoir for the
period from 2007 to 2100. Reservoir inflows depend on
runoff patterns in the upstream catchment area, which
depend on glacier and snowmelt dynamics and future
precipitation, all of which may be affected by climate
change. As such, quantifying projected inflows required
detailed climate and hydrological modeling. Experts
applied four climate scenarios (hot-dry scenario, central
scenario, warm-wet scenario, without-climate scenario)
to three different hydrological models to develop a set
of scenarios of future water inflows into the Kairakkum
reservoir (EBRD 2015). The resulting scenarios, which varied
widely, represented the range of possible conditions the
hydropower plant may confront in the future (EBRD 2015).

Experts then set out to identify robust options for the plant’s
rehabilitation that would ensure efficiency and safety
across all possible scenarios. They identified a number of
potential turbine upgrades, as well as operational changes,
and modeled energy production with the different upgrades
across the various scenarios. They identified the upgrade
option that performed best across the entire range of
scenarios. The selected option involved replacing all six
turbines with highly efficient 29 MW turbines, which would
increase capacity by nearly 40 percent (EBRD 2015). The
water inflow scenarios were also used to inform modeling
of the probable maximum flooding in the reservoir to

help identify improved dam safety measures, including
rehabilitating the plant’'s embankment dam and installing
new monitoring and safety instrumentation (PPCR 2013).

Tajikistan currently experiences significant energy deficits,
and energy demand is likely to grow in the future (ADB 2014a).
At the same time, only about 10 percent of Tajikistan's

total hydropower potential has been developed (ADB 2014a).
Under these circumstances, hydropower represents a
substantial opportunity in Tajikistan, so long as it can

be developed in a climate-resilient and sustainable
manner. Thus, for Tajikistan’s energy sector to be climate-
resilient, it must build capacity to monitor, analyze,
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and forecast climate change data; assess and quantify
risks; and develop appropriate adaptation strategies.

By conducting a detailed vulnerability assessment and using
it as the basis for designing upgrades to the Kairakkum
hydropower plant—and by doing so in close consultation with
local energy sector institutions—the project demonstrated

a process of integrating climate considerations into energy

Climate Vulnerability and Adaptation for a
Gas-Fired Thermal Power Plant in Bangladesh

With cofinancing from the Islamic Development Bank and
the Japan Fund for Poverty Reduction, the ADB is currently
implementing the Rupsha 800-Megawatt Combined Cycle
Power Plant Project (ADB 2018d). The project will construct an

Vulnerability Assessment

After initial climate risk screening determined that

the proposed project faced significant climate risk,

the project team conducted a comprehensive climate
change risk vulnerability assessment (ADB 2018b). The
assessment detailed observed and projected climate
changes and evaluated how those changes could affect
the proposed project.

+ Rising temperatures

Annual average temperature in Bangladesh has increased
by about 0.3°C since 1900, and average temperatures are
projected to increase by an additional 2.4°C by 2100

(ADB 2018b). Higher temperatures, including more frequent
and severe heat waves, could lower the thermal efficiency
and generating capacity of the proposed plant. The

plant is designed to operate optimally at an ambient
temperature of 15°C, and in its economic analysis of
adaptation options, the project team assumed that

each 1°C increase in air temperature over this optimal
temperature would reduce generation capacity by

0.45 percent per year (ADB 2018c). Similarly, increases in
water temperature could decrease plant efficiency.

Higher temperatures could also affect the proposed
transmission infrastructure. Higher temperatures
could increase transmission system losses and
decrease the current carrying capacity of power lines.
Increasing temperatures can also cause power lines
to expand and sag, which reduces the amount of
power that can be safely transported (ADB 2018b).

+ Changing rainfall patterns and drought

The assessment also detailed changes in rainfall amounts
and seasonal patterns. It found that annual rainfall across
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sector investments that can be replicated throughout the
country. The project also included an array of activities

to build the capacity of energy sector institutions to
mainstream climate considerations into energy sector
planning and hydropower operations (PPCR 2013). For example,
the project provided training to Tajikistan’s hydromet

staff and to its state-owned power utility on seasonal
forecasting and climate risk assessment (EBRD 2015).

800 MW gas-fired combined cycle power plant in Khulna City,
in southwestern Bangladesh, as well as power transmission
and interconnection facilities to deliver power from the

new plant to the existing Khulna substation (ADB 2018d).

Bangladesh has decreased by 2 to 3 percent since 1900, with
most of the reduction occurring during the winter months.

In the future, modeling suggests rainfall will increase

during the monsoon season and decrease during the winter
months. Additionally, Bangladesh already suffers from
periods of drought, and the assessment found that drought
will likely become more frequent in the future (ADB 2018b).

Changes in seasonal rainfall patterns could contribute to
lower river flows and limited water availability during the dry
season. Plant operations will rely on cooling water from the
Bhairab River (ADB 2018b). Insufficient cooling water during the
dry winter months or during periods of drought could disrupt
plant operations, forcing curtailment or temporary shutdown.

+  Sea-level rise and extreme weather events

Sea levels are projected to rise by 0.8 to 1.5 meters
in Bangladesh by 2100 (ADB 2018b). As sea levels
continue to rise, salt water could infiltrate coastal
aquifers and surface waters, including the Bhairab
River, which could also disrupt plant operations if the
plant is not equipped to use saline cooling water.

Bangladesh is already vulnerable to extreme weather
events, including tropical cyclones and flooding, and
the frequency and magnitude of extreme weather
events is likely to increase with climate change. Tropical
cyclones and flooding could damage critical power
plant equipment, including cooling equipment, control
instruments, and back-up generators, and disrupt
operations. Increasingly severe storms, together with
sea-level rise, will also exacerbate riverbank and coastal
erosion, which would further threaten the project site.
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Adaptation Measures

Based on this assessment, the project team identified
various options to improve the resilience of the Rupsha
project. Some key adaptation measures are detailed below:

+ Project design will take rising temperatures and heat
waves into account in various ways. For example,
the transmission line will use a low sag aluminum
conductor composite core to improve efficiency in high
temperatures. Additionally, the project will develop best
operating practices for power plant equipment at high
temperatures (ADB 2018b).

+ To manage risks related to cooling water availability, the
project will install a closed-loop cooling tower™, which
requires significantly less water withdrawal than a once-
through system (ADB 2018c).

+ Also related to cooling water availability, the project will
include a demineralized water treatment system so that
it can use saline water for cooling purposes (ADB 2018c).

+ The project will incorporate both structural and
nonstructural measures to reduce risks associated with
extreme weather events, including tropical cyclones
and flooding. It will elevate the power plant site by
2.55 meters above the current average flood level to
buffer against increasing future flood risk (ADB 2018b).

It will also protect against river-based flooding using
levees, flood control structures, and riparian buffer
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planting. Nonstructural measures include preparation of
emergency response plans and early warning systems
(ADB 2018a).

The project team conducted an economic analysis of
adaptation options. Focusing on the most significant climate
vulnerabilities, the analysis quantified reductions in power
output and losses in net efficiency expected over the project
life, based on projected climate conditions. It concluded that
without any adaptation measures, climate change would
reduce the net present value of the project by over US$300
million (ADB 2018c). The analysis computed any capital and
increased operational costs associated with different
adaptation measures and calculated their net benefits.

The selected adaptation measures cost approximately
US$38 million (in present value terms) and were found to
have a net benefit of approximately US$90 million

(ADB 2018c). These measures would not, however, eliminate
climate risk entirely. In many instances, eliminating the
cost of climate change to a project may not be cost
effective or technically feasible. Where residual damage
is high, it may make sense to consider alternative
approaches to achieving the project objective.
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Appendix I: Glossary

Adaptation. The process of adjustment to actual or
expected climate change and its effects. In human systems,
adaptation seeks to moderate or avoid harm or exploit
beneficial opportunities. In some natural systems, human
intervention may facilitate adjustment to expected climate
change and its effects.

Adaptive capacity. The ability of systems, institutions,
humans, and other organisms to adjust to potential
damage, to take advantage of opportunities, or to
respond to consequences.

Climate change. Climate change refers to a change in the
state of the climate that can be identified (for example,

via statistical tests) by changes in the mean and/or the
variability of its properties, and that persists for an extended
period, typically decades or longer. Climate change may be
due to natural internal processes or external forcing such

as modulations of the solar cycles, volcanic eruptions, and
persistent anthropogenic changes in the composition of the
atmosphere orin land use.

Exposure. The presence of people, livelihoods, species
or ecosystems, environmental functions, services, and
resources, infrastructure, or economic, social, or
cultural assets in places and settings that could be
adversely affected.

Hazard. The potential occurrence of a natural or human-
induced physical event or trend or physical impact that may
cause loss of life, injury, or other health impacts, as well as
damage and loss to property, infrastructure, livelihoods,
service provision, ecosystems, and environmental
resources. In this report, the term ‘hazard’ usually refers

to climate-related physical events or trends or their
physical impacts.

Impacts. The effects on natural and human systems of
extreme weather and climate events and of climate change.
Impacts generally refer to effects on lives, livelihoods,
health, ecosystems, economies, societies, cultures,
services, and infrastructure due to the interaction of
climate changes or hazardous climate events occurring
within a specific time period and the vulnerability of an
exposed society or system. Impacts are also referred to as
consequences and outcomes.
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Projection. A projection is a potential future evolution

of a quantity or set of quantities, often computed with

the aid of a model. Unlike predictions, projections are
conditional on assumptions concerning, for example, future
socioeconomic and technological developments that may or
may not be realized.

Resilience. The capacity of social, economic, and
environmental systems to cope with a hazardous event or
trend or disturbance, responding or reorganizing in ways
that maintain their essential function, identity, and structure,
while also maintaining the capacity for adaptation, learning,
and transformation.

Risk. The potential for consequences where something

of value is at stake and where the outcome is uncertain,
recognizing the diversity of values. Risk is often represented
as probability of occurrence of hazardous events or trends
multiplied by the impacts if these events or trends occur.
Risk results from the interaction of vulnerability, exposure,
and hazard. In this report, the term “risk” is used primarily to
refer to the risks of climate-change impacts.

Risk management. Plans, actions, or policies to reduce
the likelihood and/or consequences of risks or to respond
to consequences.

Sensitivity. The degree to which a system or species

is affected, either adversely or beneficially, by climate
variability or change. The effect may be direct

(e.g., a change in crop yield in response to a change in the
mean, range, or variability of temperature) or indirect
(e.g., damages caused by an increase in the frequency of
coastal flooding due to sea-level rise).

Uncertainty. A state of incomplete knowledge that can
result from a lack of information or from disagreement
about what is known or even knowable. It may have

many types of sources, from imprecision in the data to
ambiguously defined concepts or terminology, or uncertain
projections of human behavior.

Vulnerability. The propensity or predisposition to be
adversely affected. Vulnerability encompasses a variety of
concepts and elements including sensitivity or susceptibility
to harm and lack of capacity to cope and adapt.™

y, dLoiill snoluul] eligl
W Islamic Development Bank




Appendix Il: Bibliography

Asian Development Bank (ADB). 2012. Climate Risks and
Adaptation in the Electric Power Sector. Mandaluyong City,
Philippines: ADB.

ADB. 2013. Guidelines for Climate Proofing Investment in the
Energy Sector. Mandaluyong City, Philippines: ADB.

ADB. 2014a. Building the Analytical Base: A Summary of Results
from Phase 1 of the Pilot Program for Climate Resilience in
Tajikistan. Mandaluyong City, Philippines: ADB.

ADB. 2014b. Climate Risk Management in ADB Projects.
Mandaluyong City, Philippines: ADB.

ADB. 2015. Economic Analysis of Climate-Proofing Investment
Projects. Mandaluyong City, the Philippines: ADB

ADB. 2017a. Guidelines for Climate Proofing Investment in
Agriculture, Rural Development and Food Security. Mandaluyong
City, the Philippines: ADB

ADB, 2017b. Mainstreaming Climate Risk Management in
Development: Progress and Lessons Learned from ADB
Experience in the Pilot Program for Climate Resilience.
Mandaluyong City, the Philippines: ADB.

ADB. 2018a. Climate Risk Assessment and Management
Report. https://www.adb.org/sites/default/files/linked-
documents/50161-003-sd-06.pdf.

ADB. 2018b. Climate Risk Vulnerability Assessment, Project No.
50163-003. https://www.adb.org/sites/default/files/linked-
documents/50161-003-sd-07.pdf.

ADB. 2018c. Economic Analysis of Climate-Proofing Investment,
Project No. 50163-003. https://www.adb.org/sites/default/files/
linked-documents/50161-003-sd-03.pdf.

ADB. 2018d. Report and Recommendation of the President to
the Board of Directors for the Rupsha 800-Megawatt Combined
Cycle Power Plant Project, Project No. 50163-003. https://www.
adb.org/sites/default/files/project-documents/50161/50161-

003-rrp-en.pdf.

Arent, D.J,, R.S.J. Tol, E. Faust, J.P. Hella, S. Kumar, K.M. Strzepek,
F.L. Téth, and D. Yan. 2014. “Key Economic Sectors and
Services.” In Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects. Contribution
of Working Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, edited by C.B.
Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E.
Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma,
E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and
L.L.White. Cambridge, UK, and New York: Cambridge University
Press, 659-708.

ip2a® dioiill :nollull elidl
Islamic Development Bank

Cox, Sadie, Pieter Gagnon, Sherry Stout, Owen Zinaman, Andrea
Watson, and Eliza Hotchkiss. 2016. Distributed Generation to
Support Development-Focused Climate Action. Denver, CO:
National Renewable Energy Laboratory.

Cox, Sadie, Eliza Hotchkiss, Dan Bilello, Andrea Watson,
Alison Holm, and Jennifer Leisch. 2017. Bridging Climate
Change Resilience and Mitigation in the Electricity Sector
Through Renewable Energy and Energy Efficiency:
Emerging Climate Change and Development Topics
for Energy Sector Transformation. Denver, CO, and
Washington, DC: National Renewable Energy Laboratory
and U.S. Agency for International Development.

Davis, Michelle, and Steve Clemmer. 2014. Power Failure: How
Climate Change Puts Our Electricity at Risk—and What We Can
Do. Cambridge, MA: Union of Concerned Scientists.

Ebinger, Jane, and Walter Vergara. 2011. Climate Impacts on
Energy Systems: Key Issues for Energy Sector Adaptation.
Washington, DC: World Bank.

EBRD (European Bank for Reconstruction and Development).
2015. Qairokkum Hydropower: Planning Ahead for a Changing
Climate. EBRD Sustainable Energy Initiative. https:/www.
climateinvestmentfunds.org/sites/cif_enc/files/knowledge-

documents/cs_gairokkum_web_0.pdf.

European Commission, Directorate-General Climate Action.
2011. Guidelines for Project Managers: Making Vulnerable
Investments Climate Resilient. https://ec.europa.eu/clima/

sites/clima/files/adaptation/what/docs/non_paper_guidelines

project_managers_en.pdf.

GEF-UNEP (Global Environment Facility-United Nations
Environment Programme). 2017. Technologies for Climate
Change Adaptation: Agricultural Sector. Technology Needs
Assessment (TNA) Guidebook Series, UNEP.

GIZ (Deutsche Gesellschaft fiir Internationale Zusammenarbeit),
2013. Economic Approaches for Assessing Climate Change
Adaptation Options under Uncertainty. Bonn, Germany: GIZ.

GIZ. 2014. Guidelines for Climate Proofing Water Investments in
the MENA Region. Bonn, Germany: GIZ.

Gundlach, Justin, and Romany Webb. 2018. Climate Change
Impacts on the Bulk Power System: Assessing Vulnerabilities
and Planning for Resilience. New York: Columbia Law School,
Sabin Center for Climate Change Law.

Hallegatte, S., A. Shah, R. Lempert, C. Brown, and S. Gill. 2012.
“Investment Decision Making Under Deep Uncertainty—
Application to Climate Change.” Policy Research Working Paper
No. WPS 6193. Washington, DC: World Bank Group.

Energy Sector Guidance Note | 25




Hellmuth, Molly, Pamela Cookson, and Joanne Potter. 2017.
Addressing Climate Vulnerability for Power System Resilience
and Energy Security: A Focus on Hydropower Resources, U.S.
Agency for International Development (USAID) Resources to
Advance LEDS Implementation (RALI) Series.

Hijioka, Y., E. Lin, J.J. Pereira, R.T. Corlett, X. Cui, G.E. Insarov,
R.D. Lasco, et al. 2014. “Asia.” In Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part B: Regional Aspects.
Contribution of Working Group Il to the Fifth Assessment
Report of the Intergovernmental Panel on Climate Change,
edited by C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D.
Mastrandrea, T.E. Bilir, et al. Cambridge, UK, and New York:
Cambridge University Press, 1327-70.

IPCC (Intergovernmental Panel on Climate Change). 2007.
Fourth Assessment Report: Climate Change 2007 Glossary.
https://www.ipcc.ch/publications_and_data/ar4/wg2/en/

annexessglossary-a-d.html.

IPCC. 2014, “Glossary.” In Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Annexes. Contribution of Working
Group Il to the Fifth Assessment Report of the IPCC, edited by
J. Agard, J. Birkmann, M. Campos, C. Dubeux, et al. Cambridge
University Press, Cambridge, UK, and New York, 1-32.

Islamic Development Bank (IsDB). 2017. Annual Report 2017.
Jeddah, Saudi Arabia: IsDB. https://www.isdb.org/sites/default/
files/media/documents/2018-12/1sDB-Annual%20Report-
1438H%282017%29.pdf.

Kovats, R.S., R. Valentini, L.M. Bouwer, E. Georgopoulou, D.
Jacob, E. Martin, M. Rounsevell, et al. 2014. “Europe.” In Climate
Change 2014: Impacts, Adaptation, and Vulnerability. Part B:
Regional Aspects. Contribution of Working Group Il to the Fifth
Assessment Report of the Intergovernmental Panel on Climate
Change, edited by C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach,
M.D. Mastrandrea, T.E. Bilir, et al. Cambridge, UK, and New York:
Cambridge University Press, 1267-326.

Lempert, R., D. Groves, S. Popper, and S. Bankes. 2006. “A
General, Analytic Method for Generating Robust Strategies and
Narrative Scenarios,” Management Science 52 (4), 514-28.

Lempert, R., N. Kaira, S. Peyraud, Z. Mao, S.B. Tan, D. Cira, and
A. Lotsch. 2013. Ensuring Robust Flood Risk Management in
Ho Chi Minh City. Policy Research Working Paper No. 6465.
Washington, DC: World Bank.

Linquiti, P., and N. Vonortas, 2012. “The Value of Flexibility
in Adapting to Climate Change: A Real Options Analysis of
Investments in Coastal Defense.” Climate Change Economics 3
(2): 125-57.

26 | Islamic Development Bank

Magrin, G.0O., J.A. Marengo, J.-P. Boulanger, M.S. Buckeridge, E.
Castellanos, G. Poveda, F.R. Scarano, et al. 2014. “Central and
South America.” In Climate Change 2014: Impacts, Adaptation,
and Vulnerability. Part B: Regional Aspects. Contribution
of Working Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, edited by V.R.
Barros, C.B. Field, D.J. Dokken, M.D. Mastrandrea, K.J. Mach,
T.E. Bilir, M. Chatterjee, et al. Cambridge, UK, and New York:
Cambridge University Press, 1499-566.

Niang, I., 0.C. Ruppel. M. Abdrabo, and A. Essel, C. Lennard, J.
Padgham, and P. Urquhar. 2014. “Africa.” In Climate Change
2014: Impacts, Adaptation, and Vulnerability. Part B: Regional
Aspects. Contribution of Working Group Il to the Fifth
Assessment Report of the Intergovernmental Panel on Climate
Change, edited by C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach,
M.D. Mastrandrea, T.E. Bilir, et al. Cambridge, UK, and New York:
Cambridge University Press, 1199-265.

Nierop, Sam. 2013. Envisioning Resilient Electrical Infrastructure:
A Policy Framework for Incorporating Future Climate Change
into Electricity Sector Planning. New York: Columbia Law
School, Sabin Center for Climate Change Law.

Noble, I., S. Huqg, Y.A. Anokhin, J. Carmin, D. Goudou, F.P.
Lansigan, B. Osman-Elasha, et al. 2014. “Adaptation Needs and
Options.” In Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part A: Global and Sectoral Aspects. Contribution
of Working Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change, edited by C.B.
Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea,
T.E. Bilir, M. Chatterjee, et al. Cambridge, UK, and New York:
Cambridge University Press.

Patt, Anthony, Stefan Pfenninger, and Johan Lilliestam. 2013.
“Vulnerability of Solar Energy Infrastructure and Output to
Climate Change.” Climatic Change 121: 93-102

Penning-Rowsell, Edmund, N. Haigh, S. Lavery, and L. McFadden.
2013. “A Threatened World City: The Benefits of Protecting
London from the Sea,” Natural Hazards 66 (3): 1383-404.

PPCR (Pilot Program for Climate Resilience). 2013. Tajikistan:
Enhancing the Climate Resilience of the Energy Sector. Project
Document. https://www.climateinvestmentfunds.org/projects/

enhancing-climate-resilience-energy-sector.

Pryor, S.C., and R.J. Barthelmie. 2010. “Climate Change Impacts
on Wind Energy: A Review.” Renewable and Sustainable Energy
Review 14 (1): 430--37.

Ranger, N., T. Reeder, and J. Lowe. 2013. “Addressing ‘Deep’
Uncertainty over Long-term Climate in Major Infrastructure
Projects: Four Innovations of the Thames Estuary 2100 Project,”
European Journal of Decision Process 1: 233-62.

,:;':‘.\ dsoiill oty iyl

slamic Development Bank




Ray, Patrick, and Casey Brown. 2015. Confronting Climate
Uncertainty in Water Resources Planning and Project Design:
The Decision Tree Framework. Washington, DC:

World Bank Group.

Schaeffer, Roberto, Alexandre Szklo, André Frossard Pereira de
Lucena, and Bruno Soares Moreira Cesar Borba. 2012. “Energy
Sector Vulnerability to Climate Change: A Review.”

Energy 38 (1): 1-12.

Stuart, Christina. 2018. Energy and Climate Change Adaptation
in Developing Countries. Eschborn, Germany: European Union
Energy Initiative Partnership Dialogue Facility (EUEI PDF).

Swart, R. and Singh, T. 2013. MEDIATION and the Adaptation
Challenge: Identifying Appropriate Methods and Tools to
Support Climate Change Adaptation Decision Making, Final
Report of the European Union (EU) MEDIATION Project.

Trevor, M., S. Scrieciu, S. Bristow, and D. Puig, eds. 2011.
MCAA4climate—A Practical Framework for Pro-Development
Climate Policy. United Nations Environment Programme. http://
orbit.dtu.dk/files/78996204/A_PRACTICAL_FRAMEWORK.pdf.

UK Climate Impacts Programme, 2007. Identifying Adaptation
Options. https://ukcip.ouce.ox.ac.uk/wp-content/PDFs/ID
Adapt_options.pdf.

UNFCCC (United Nations Framework Convention on Climate
Change). 2011. Assessing the Costs and Benefits of Adaptation
Options: An Overview of Approaches. https://unfccc.int/
resource/docs/publications/pub_nwp_costs_benefits

adaptation.pdf.

Union of Concerned Scientists. How it Works: Water for Power
Plant Cooling. https://www.ucsusa.org/clean-energy/energy-

and-water-use/water-energy-electricity-cooling-power-plant#bf-

toc-1.

USAID (United States Agency for International Development).
2013. Analyzing Climate Change Adaptation Options Using
Multi-Criteria Analysis. https://www.climatelinks.org/resources/

analyzing-climate-change-adaptation-options-using-multi-
criteria-analysis.

USAID. 2014. Climate-Resilient Development: A Framework for
Understanding and Addressing Climate Change. https://pdf.
usaid.gov/pdf_docs/PBAAA245.pdf.

USAID. 2015. Incorporating Climate Change Adaptation into
Infrastructure Planning and Design—Overarching Guide: A
Methodology for Practitioners. https://www.climatelinks.
org/sites/default/files/asset/document/OVERARCHING
METHODOLOGY_CCA_ENGINEERING_DESIGN.pdf.

USAID. 2017a. Primer: Using Climate Information for Climate Risk
Management. https://www.climatelinks.org/sites/default/files/

ip2a® dioiill :nollull elidl

Islamic Development Bank

asset/document/2017_USAID_Primer-Using-Climate-Info-for-
CRM.pdf.

USAID. 2017b. Screening Hydropower Facilities for Climate
Change Risks to Business Performance: A Framework.
https://www.climatelinks.org/sites/default/files/asset/
document/2017_USAID_Screening%20Hydropower%20
Facilities%20for%20Climate%20Change%20Risks%20t0%20
Business%20Performance.pdf.

Van lerland, E.C., K. de Bruin, and P. Watkiss. 2013. Multi-Criteria
Analysis: Decision Support Methods for Adaptation, MEDIATION
Project. Briefing Note Series: Summary of Methods and Case
Study Examples from the MEDIATION Project. Briefing Note 6.
https://mediamanager.sei.org/documents/Publications/sei-

mediation-briefing6-multi-criteria-analysis.pdf.

Watkiss, P. and Hunt, A. 2013. Method Overview: Decision
Support Methods for Adaptation. Briefing Note Series: Summary
of Methods and Case Study Examples from the MEDIATION
Project. Briefing Note 1. http://www.mediation-project.eu/
platform/pbs/pdf/Briefing-Note-1-LR.pdf.

Weiland, Sabine, and Jenny Troltzsch, BASE Evaluation Criteria for
Climate Adaptation (BECCA), European Community’s Seventh
Framework Programme. https://base-adaptation.eu/base-

evaluation-criteria-climate-adaptation-becca.

Robert Wilby, Michael Friedhoff, Richenda Connel, Ben Rabb,
Nasridin Minikulov, Anvar Homidov, Muzaffar Shodmanov, and
Nadezhda Leonidova. 2011. PPCR Phase | Project A4: Improving
the Climate Resilience of Tajikistan’s Hydropower Sector, Draft

Final Report. http://www.ppcr.tj/IP/Phase1/Component4/ppcr.
a4_draft_final_report_130ct11%20(Final%20REport).pdf.

Zamuda, Craig, Mignone, Bryan, Bilello, Dan, et al. 2013. U.S.
Energy Sector Vulnerabilities to Climate Change and Extreme
Weather. Washington, DC: U.S. Department of Energy.

Zamuda, Craig, Antes, Matt, Gillespie, C.W., et al. 2015. Climate
Change and the U.S. Energy Sector: Regional Vulnerabilities and
Resilience Solutions. Washington, DC: U.S. Department
of Energy.

Energy Sector Guidance Note | 27




Endnotes

8.
9.

For additional information on IsDB’s operations, see https://www.isdb.org/where-we-work.

The extent of hydropower plant vulnerability depends on plant type and characteristics. Two key types of hydropower plants

are run-of-river and storage plants. Run-of-river plants use the available river flow for energy generation without impounding

any significant volume of water upstream. Storage hydropower plants include a reservoir upstream of the dam to store water
for later use. Run-of-river plants are more vulnerable than storage plants to changes in flow volume and timing. The size of a

storage plant’s reservoir will dictate the extent to which it can buffer against fluctuations in flow.

See Appendix 1 for a glossary of key terms used in Figure 1 and throughout the guidance note.

For more information on the Acclimatise Aware tool, see http://www.acclimatise.uk.com/analytics/applications/.

For more information on the World Bank Climate Change Knowledge Portal,
see http://sdwebx.worldbank.org/climateportal/index.cfm.

For more information on The Nature Conservancy’s Climate Wizard, see http://www.climatewizard.org/.

USAID (2017a) also includes references to a variety of information sources, including various portals and web pages that
provide climate data and related information.

See e.g., GIZ (2014), European Commission (2013), and USAID(2015).

The proposed approach draws on European Commission (2013) and USAID (2015).

10. For more information on the IPCC Data Distribution Centre, see http://www.ipcc-data.org/index.html.

11. ECONADAPT Toolbox: Cost-Benefit Analysis, https://econadapt-toolbox.eu/node/12.

12. ECONADAPT Toolbox: Cost-Effectiveness Analysis, https://econadapt-toolbox.eu/cost-effectiveness-analysis.

13. There are three basic types of cooling systems: once-through, closed-cycle, and dry-cooling. Once-through systems withdraw

water from nearby water sources, circulate it through a condenser to absorb heat from the boiler steam, and then discharge
the water back into the original source. These systems withdraw large volumes of water. Closed-cycle (or wet-recirculating)
systems reuse cooling water. Rather than immediately discharging water back into the original source, closed-cycle systems
divert water from the condenser to cooling towers, where the heat it absorbed dissipates through evaporation. The remaining
water is then recirculated through the condensers. These systems withdraw significantly less water than once-through
systems. Dry-cooling systems use air instead of water to absorb heat from steam. They use almost no water, but they are

more expensive and less efficient than the other two. (Union of Concerned Scientists, available at https://www.ucsusa.org/
clean-energy/energy-and-water-use/water-energy-electricity-cooling-power-plant#bf-toc-1.)

14. All definitions in Appendix 1 taken from IPCC 2014, 1-32.
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