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1. INTRODUCTION

Energy infrastructure developmentin Panama, as in the rest of Latin America, was conceived under assumptions
of climate stability, anticipating minimal or even no changes in climate behaviour over the long term.
However, in the past decade, Panama’s climate patterns have changed significantly (Ministerio de Ambiente
Panama, 2021). It is important to assess the potential impact of these changes on existing and planned energy
infrastructure, among other aspects. Without measures to increase the energy sector’s resilience to climate
change,' infrastructure for energy production and transport will be left vulnerable to climatic phenomena—at
high economic and social costs to the country. To take one example, rising temperatures could decrease
the efficiency of thermal conversion in Panama. Also, extreme droughts could decrease water availability,
impacting the plants’ cooling and operating systems and causing interruptions in power supply. Changes
in hydrological patterns and extreme rainfall could also affect hydropower generation (WEC, 2014), which
represents a high share of Panama’s energy matrix and is therefore essential to guarantee the country’s
electricity supply. While a decrease in precipitation and an increase in temperature would hamper generation

capacity or make generation irregular, extreme rainfall events would bring floods that jeopardise the
infrastructure and operation of hydroelectric plants. At the same time, energy infrastructure in coastal
areas would be at high risk of rising sea levels (Ebinger and Vergara, 2011), which could cause damage and
interruptions in energy generation, and reception and distribution operations.

Resilient infrastructure is infrastructure that, having suffered a natural or anthropogenic failure event, is capable of sustaining a minimum level of
service and recovering its original performance within a reasonable time frame and cost (Weikert, 2021).




1. INTRODUCTION

Climate change also has a significant impact on the road infrastructure used to transport fuels, making their
distribution inefficient and less safe. This infrastructure is particularly susceptible to the effects of climate
change, including sea level rise and increased precipitation and flooding. In coastal areas, sea level rise and
increased severity of storms can trigger storm surges and more frequent flooding, damaging land-based
communication routes, such as roads and bridges. In inland areas, heavy rains can result in flooding and
landslides, causing damage to infrastructure (EPA, 2022), and potentially disrupting the distribution of
essential fuels by road. This may in turn limit fuel availability at service stations and other distribution points.

In the context of climate change and the energy infrastructure in Panama, accounting for climate resilience in
the design and implementation of energy infrastructure investments would not only help mitigate the impacts
of climate change, but also complement the cost-effectiveness and quality of energy services. Several studies
have shown that investing in resilient infrastructure is a cost-effective and robust option: for every dollar
invested, it is possible to save up to six dollars in future asset losses (WEC, 2014; World Bank, 2019; UNCTAD,
2020; Weikert, 2021). Therefore, long-term decisions on energy infrastructure must prioritise climate resilience
(Hallegatte et al., 2019). This report identifies key steps to help mitigate potential damages to Panama’s
energy infrastructure and increase its resilience. Measures are identified based on an assessment of climate
risk, as well as the implications of long-term changes in precipitation and temperature.



2. METHODOLOGY

Two methodologies were applied in parallel to identify energy resilience measures. The methodology detailed
under “Methodology part 1” takes as the main inputs data on temperature and precipitation variations provided
by the Ministry of Environment of Panama. The other methodology, detailed under “Methodology part 27,
uses data from the World Bank’s modelling of the occurrence of extreme climate hazards. Except for sea level
rise, the results obtained from the analysis were treated independently, but both methodologies converge in
the section on climate resilience measures. Each methodology is detailed below.

2.1 METHODOLOGY PART 1: ANALYSIS OF CHANGES IN CLIMATE VARIABLES

This methodology used historical and current records of temperature, precipitation and sea level rise variations
compiled by Panama’s Ministry of Environment to construct projections of potential variations up to 2050 and

2070, for the ministry’s update of climate change scenarios for Panama. This information was used to generate
section Il on the implications of variations in precipitation and temperature for energy infrastructure. Sea level
rise was integrated into the hazard analysis, given that its variation is considered to represent a threat that can
directly impact the integrity of infrastructure. Figure 1 outlines the methodological sequence used to analyse
changes in the variables monitored by the Ministry of Environment.
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Figure 1 Methodological sequence 1 - electrical infrastructure
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Climate variation maps

The magnitude of changes in Panama was calculated using the “map algebra” tool of the geographic
information system (GIS). The calculation utilised the baseline data and the Shared Socio-economic Pathway
(SSP) 1-2.6 and SSP5-8.5 scenarios projected for the years 2050 and 2070 provided by the Ministry of
Environment. The reference maps were generated first, followed by the estimation of variations using the
precipitation and temperature maps for the projected scenarios for 2050 and 2070.

Following this procedure, output values representing the magnitude of changes in the climate variables are
obtained. It is important to note that negative values indicate a decrease in the magnitude of the variables,
whereas positive values indicate an increase.

Obtaining exchange values

ArcGIS software was used for the procedure to obtain the values of changes in precipitation and maximum
temperature that will affect the energy infrastructure under analysis. The software was used as follows:

For the electricity generation infrastructure (hydro, solar and wind), the GIS tool “extraction”
was used. A specific command was used to extract the projected precipitation and maximum
temperature values for the different scenarios; the geographic location of individual generation
infrastructure was used as the reference. This resulted in the generation of output tables showing
the name of the generation infrastructure and the value of change for the variable analysed.

For transmission infrastructure, a different approach was taken to obtain temperature change information.
The digital temperature maps were reclassified and transformed into vector format using the GIS “conversion”
tool. From this conversion, an intercept was made between the vector temperature maps for the different
scenarios and projections and the distribution map of the transmission networks. This resulted in cross-
referenced tables that provided the average values of temperature change for each transmission line section.
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Infrastructure implications

The impact of changes in the magnitude of average annual rainfall and maximum temperature on the installed
energy infrastructure in Panama was assessed. To assess the associated impacts, electricity generation plants
based on thermal, hydroelectric, solar and wind power technology, as well as the transmission infrastructure,
were considered. Estimates consider the projected decline in operating efficiency of the generation and
transmission systems towards 2050 and 2070, as well as the installed capacity and the volume of energy
generation that could be compromised under various scenarios of analysis.

For hydroelectric generation, the impact of reduced rainfall was assessed in relation to the reduction in flows
feeding the country’s hydroelectric power plant basins. The reduction in flows to the hydroelectric basins
was estimated based on the magnitude of rainfall decrease (millimetres [mm]), the contributing area of each
basin (square kilometres [km?]) and assuming an average run-off coefficient of 60%, according to the United
Nations Educational, Scientific and Cultural Organization (UNESCO, 2008).

Subsequently, the volume of energy and the installed capacity? compromised for hydroelectric power plants
was estimated for the years 2050 and 2070 for each analysed scenario based on the inflow resulting from
the decline in precipitation and assuming an average inflow power ratio of 15.49 gigawatt hours [GWh]/year/
cubic metres/second [m3/s].3

To assess the impacts on solar and wind generation, the expected temperature increase for individual plants
was determined and its effect on the operational efficiency of the generation systems was estimated. This
estimate was used to calculate the reduction in the operating efficiency of the solar and wind power plants.
The conversion factors for individual technologies were considered and the decrease in power generation
capacity due to temperature increase was estimated.* For solar power plants, a 0.5% reduction in transmission
efficiency per degree Celsius rise in temperature was considered (Dwivedi et al., 2020), while for wind
generation, an efficiency factor of 1.64x103% per degree Celsius (/°C) was assumed (Rodriguez et al., 2020).

A similar procedure was followed to assess the impact on the transmission infrastructure. The effect of the
temperature increase on transmission lines was analysed, considering their load carrying capacity and the
possible reduction in operational efficiency. This made it possible to identify the areas of the transmission
infrastructure that could be affected and to quantify the impact on electricity transmission capacity under
the different climate scenarios analysed. Specifically, a 1.2% reduction in electricity transmission capacity
on average for each degree Celsius rise in temperature was assumed, considering conductor operating
temperatures between 50% and 100% (Castellanos, 2014).

These estimates made it possible to assess the impact of changes in precipitation and maximum temperatures
on the electricity infrastructure and to determine the installed capacity and transmission capacity that could
be affected under the different climate scenarios considered.

Assuming an average capacity factor of 60%.
Estimated based on the water balances for Panama’s main reservoirs - Boyano, Fortura and Changuinola (IMHPA, 2024).
An average capacity factor of 20% for solar photovoltaic generation and 35% for wind generation was assumed.
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2.2 METHODOLOGY PART 2: ANALYSIS OF INFRASTRUCTURE AT RISK FROM
EXTREME WEATHER EVENTS

The methodology used to identify resilience-building adaptation measures for Panama’s energy infrastructure
begins with a climate risk assessment.®> The process involves assessing existing electricity generation and
transmission infrastructure,® as well as the infrastructure planned for the next ten years (ETESA, 2022), along
with fuel terminal ports and roads providing access to the main power generation centres.

Risk is assessed by considering climate hazard, exposure and vulnerability, as outlined in the methodology
of the Intergovernmental Panel on Climate Change (IPCC, 2014). This approach makes it possible to identify
areas of greatest risk and, consequently, to develop adaptation measures focused on mitigating potential
damages and making Panama’s energy infrastructure more resilient to the impacts of climate change. Figure 2
outlines the methodological sequence used to achieve the proposed objective.

Figure 2 Methodological sequence 2 - electrical infrastructure

Climate threat ﬁ

Exposure of infrastructure ‘;o Vulnerability of infrastructure
to threat B to threat
| ! !
Climate risk on energy infrastructure ]
Energy infrastructure resilience measures ]

Climate threat

The climate risk assessment considers the dangers posed to a system by the manifestation of extreme weather
events (Lopez and Montoya, 2019). The spatial occurrence potential of flooding events triggered by rainfall,
droughts, extreme heat and sea level rise was assessed based on the World Bank modelling described below
and geostatistical interpolation obtained from the ArcGIS programme (ArcMap 10.8),” projected to the year
2050 and 2070.

Linked to slow progress events, such as temperature changes, changes in precipitation patterns (drought, heavy rains), sea level rise, among
others, which should be considered while structuring new public and private investment projects, as well as in adaptation measures.
Substations.

Characterisation linked to the frequency or intensity of the weather events analysed is excluded.

1
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The assumptions and information sources used for the climate hazard analysis are summarised below:

* Input data. Data to determine the threat of floods, droughts and extreme heat were obtained from

the World Bank’s Climate Change Knowledge Portal (World Bank, 2024a). Specifically, province-
level data were used for average climate projections under the sixth version of the IPCC’'s Common
Information Management Protocol (PCMDI, 2019), and under the multiple ensemble climate projection
model.® For these projections, the World Bank proposes five scenarios representing possible social
and economic development pathways (SSP). The SSP1-1.9 scenario is the most optimistic and
envisages a vision of the climate response that could reflect the Paris Agreement target. The SSP1-
2.6 scenario suggests a transition to sustainability with a drastic reduction in global emissions and
achieving carbon neutrality after 2050. On the other hand, SSP2-4.5 represents an intermediate
scenario, in which emissions are maintained at current levels but begin to decline towards
mid-century, without reaching zero by 2100. SSP3-7.0 describes a future in which countries become
increasingly competitive, leading to a significant increase in emissions, which double by 2100 from today.
By contrast, SSP5-8.5 is based on intensified exploitation of conventional fuel resources and represents
a future in which greenhouse gas emissions increase significantly (World Bank, 2024a).

The intermediate scenario (SSP2-4.5)° was selected as the basis for the study, since it is aligned with the
countries’ current CO, emission reduction commitments. To assess the impacts of climate change, three
climate variables were used: (1) cumulative precipitation on very wet days (mm),”°® which is related to the
occurrence of floods; (2) maximum number of consecutive dry days," which is associated with drought
events; and (3) average number of days on which the maximum temperature exceeds 35°C, which reflects
the occurrence of extreme heat spells. Finally, to analyse the threat of sea level rise, cartographic information
in digital format provided by the National Environmental Information System (SINIA) of the Panamanian
Ministry of the Environment (SINIA, 2020) was accessed. Specifically, the analysis used the map of coastal
flooding resulting from extreme events in 2050 (50-year return period and scenario SSP2-4.5).

* Threat mapping. Flood hazard maps for rainfall, drought and extreme heat were generated using GIS.”®

Point data for province-level climatic variables obtained from the World Bank (described in the previous
section) were used to construct™ alongside geostatistical interpolation methods to obtain hazard maps
or digital surfaces for the country®™ These digital surfaces were edited and catalogued on a threat scale
ranging from high to low, represented by colour palettes appropriate to each case (maps).

Exposure of energy infrastructure to the climate threat

For the purposes of this report, exposure is defined as the presence of infrastructure and/or economic, social
or cultural assets in areas that could be adversely affected by a climate hazard (UNDRR, 2022).

The level of exposure was assessed by analysing the geographical location of given infrastructure
(georeferencing') in relation to the previously mapped climatic hazards. The data and mapping results are
described below:

It projects the change in climate variables over time as an average of different models (CANESM5, CNRM-ESM2-1, GFDL_ESM4, MRI-ESM2 and
UKESMI-0-11).

90" percentile.

Exceeding the 95" percentile of daily precipitation intensity.

No significant rainfall (<1 mm).

95" percentile.

The base cartography (boundaries, hydrography, water bodies) was obtained from the STRI GIS Data Portal of the Republic of Panama (https://
stridata-si.opendata.arcgis.com).

Images are represented in regular pixels (cells), containing a value in a matrix of rows and columns.

Interpolation predicts values for the cells of a digital image from a limited number of input (sample) data points.

Use of geographic co-ordinates to assign a spatial location to cartographic entities.


https://stridata-si.opendata.arcgis.com
https://stridata-si.opendata.arcgis.com
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* Input data. The input data for the analysis include a list of installed hydro, thermoelectric, solar and
wind generation plants, as well as transmission lines and substations, and their geographic locations
(co-ordinates), obtained from the SIG-SNE Portal of the Republic of Panama (SNE, 2023). Information on
planned generation infrastructure was extracted from the Plan de Expansion del Sistema Interconectado
Nacional 2020-2034 (ETESA, 2022). Information related to fuel terminal ports (hydrocarbon and
liquefied natural gas) was obtained from the website of the Panama Maritime Authority (AMP, 2023),
while information on the distribution of road infrastructure (roadway) was acquired from the STRI GIS
Panama Portal (STRI, 2023). Annexes 1 and 2 contain additional information on installed and planned
infrastructure, respectively, which has been included in the analysis.

* Exposure mapping. Georeferenced infrastructure data were entered into GIS software, and made it
possible to create individual layers (maps) according to infrastructure type. These layers were then
overlaid on the previously edited hazard maps,” and an exposure level (high, moderate or low) was
assigned based on the hazard recorded at the location of each specific asset considered.

Vulnerability

Vulnerability refers to the degree to which a system is susceptible to being affected by climate change and
coping with its adverse effects (Paz et al., 2019b). Vulnerability depends on the robustness, sensitivity and
adaptive capacity of infrastructure (ADB, 2013). Specifically, vulnerability analysis was conducted with a
focus on infrastructure’s sensitivity (its susceptibility to damage) due to its exposure to a climate hazard. The
sensitivity assessment approach was qualitative and based on the experience of various international studies
(Nicolas et al., 2019; Paz et al., 2019; OLADE, 2016; ADB, 2012). Table 1 presents a qualitative assessment of the
sensitivity of the infrastructure analysed according to the type of climate hazard.

Table 1  Sensitivity of infrastructure to climate hazards

INFRASTRUCTURE FLOODING DUE TO

RAINFALL
Onshore wind Not significant Not significant Not significant Not significant
Solar photovoltaic Not significant Not significant Low Low
Hydroelectric High High Moderate Not significant
Thermal* High Not significant Low Not significant
Ay leCe e Ui ie High Not significant Low High
ports
UCITE IR Low Not significant High Not significant
distribution lines 9 9 9
Transmission substations High Not significant Moderate Not significant
Road High Not significant Not significant High

Based on: Hallegatte et al. (2019); Lopez & Montoya (2019); OLADE (2016); and ADB (2013).
Note: *Simple- and combined-cycle steam and gas turbines, cogeneration plants, among others.

The extended scale of threat (digital image) initially obtained was disaggregated by means of a three-level reclassification (high, moderate and
low). A percentage cut-off for maximum and minimum threat values (dominant share of the data) at the province level was applied. In this way,
threat maps with clearly defined limits were obtained, which allowed for visualising and assigning an exposure level for the infrastructure and its
location in each province.

13
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Climate risk to energy infrastructure

The previously rated qualitative levels of threat (T), exposure (E) and sensitivity (§) were quantitatively
assessed as follows: high = 3, moderate = 2 and low =1; R = risk:

R=TxExS

Finally, the risk was classified according to the levels set out in Table 2.

Table 2  Climate risk classification categories

VALUE AT RISK
RISK CLASSIFICATION

This classification indicates that the potential impacts of climate-related events are severe,
>9 High suggesting a high likelihood of significant adverse effects. This level typically triggers
immediate response measures.

In this range, impacts are noticeable. This level requires careful monitoring and preparation

>
EELE Motz to mitigate potential impacts.

This classification indicates minimal potential adverse effects due to climate-related
<3 Low events, suggesting that the situation is generally stable but should still be monitored for
unexpected changes.

Adaptation measures

Adaptation measures refer to actions that promote adjustments to systems in response to actual or expected
climate changes or their effects, to eventually mitigate damage or capitalise on beneficial opportunities (ADB,
2013). Measures to mitigate climate vulnerability and risk are identified based on a thorough understanding
of the advantages and disadvantages of the identified adaptation measures, in terms of effectiveness,
robustness, flexibility and sustainability, among others (Ministerio de Ambiente Panama, 2022). Within this
context, resilience strategies for infrastructure encompass both non-structural management approaches and
structural measures. Recommendations consider the impact of climate risk variables on the operability and
physical integrity of energy infrastructure, and include both engineering and non-engineering measures.’® A
brief description of the adverse or positive changes linked to each hazard was created. The theoretical analysis
of the electricity system, based on historical average data, offers a snapshot of how various hazards affect
the generation, transmission and distribution of electricity at one moment in time. By not modelling real-time
responses, this approach excludes the possibility of identifying dynamic operational vulnerabilities during
seasonal and hourly operation. Further analysis is thus required, in particular of the operational modelling
of the infrastructure. It would also offer an accurate assessment of investment alternatives linked to the
degree of probability and severity of climate risks that may affect each activity of the electricity industry. This
accurate assessment must also consider, among other aspects, the composition of the load dispatch curve
and the hourly and seasonal variations in electricity demand in the country.

Referring to reduced performance, shutdown of the activity and plant closure, among others.



3. ENERGY INFRASTRUCTURE

This section provides an overview of Panama’s current and planned infrastructure for the generation,
transmission and distribution of electricity, as well as to aid the supply of fuels to the electricity industry,
including fuel terminal ports and roads.

3.1 GENERATION

As of the first semester of 2023, Panama had an installed electricity generation capacity of
3988.48 megawatts (MW) connected to the National Interconnected System (SIN)."” Of this,
46.25% (1844.7 MW) corresponds to hydroelectric generation, 33.59% (1339.65 MW) to thermal generation,
8.42% (336 MW) to wind farms and 11.74% (468.13 MW) to solar photovoltaic generation. Panama’s total
gross generation in the first half of 2023 was 7169.84 GWh, including the SIN, total production from auto
generators and from isolated systems. Figure 3 shows the percentage distribution by type of technology.

According to the regulator’s statistics on power supply to 2023 (Autoridad Nacional de los Servicios Publicos).
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Figure 3 Capacity distribution by technology
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Hydroelectric generation in Panama is based on 47 power plants, of which approximately 75% started
commercial operation between 2010 and 2021. The remaining 19% of plants have an average age of 15 years,
while 6% are close to 50 years old. Thermal generation consists of 14 plants, of which 50% are on average
20 yearsold, 26% are less than 10 years old and the remaining 24% are more than 40 years old. Solar generation
entails 41 plants, which were progressively installed from 2015, while wind generation entails seven plants,
which became operational from 2018, and are no more than 5 years old. Figure 4 shows the spatial distribution
of the georeferenced generation plants.

Figure 4 Distribution of power generation plants
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3. ENERGY INFRASTRUCTURE

Panama has projected the introduction of 99 new power plants for the period 2020-2034. These plants will
be integrated into the SIN and 67% of them will be solar, 16% wind, 15% hydro and 2% licensed thermoelectric
power. In total, the new infrastructure is estimated to add an additional installed capacity of 3686 MW.
Thermal generation would account for 30.6% of the new capacity, followed by solar with 29.7%, wind with
29.6% and hydro with 10.1%. The spatial distribution of the planned infrastructure is shown in Figure 5.

Figure 5 Distribution of planned power generation plants
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It is also important to mention that Panama has 22 isolated generation systems with an installed capacity
of 46.5 MW, of which 94.5% utilise thermal generation technologies. Figure 6 shows the locations of these
isolated generation plants.

Figure 6 Distribution of isolated electricity generation systems
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)¢

Panama’s electricity transmission system includes a set of 230 kilovolt (kV) and 115 kV high-voltage lines,
substations, transformers and other elements necessary to transmit electricity through the SIN to different
delivery points. Among the 230 kV lines, the total length of double circuit is 2 712.95 kilometres (km), and of
single circuit lines, 94.58 km. For the 115 kV lines, the total length of double circuit is 267.80 km, and of single
circuit, 39.90 km (ETESA, 2020). Figure 7 shows the distribution of electricity transmission lines.

3.2 TRANSMISSION

Figure 7 Power transmission lines
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The transmission system includes 31 transmission substations, of which eight are 115 kV switchgear, twelve are
230 kV switchgear and the remaining eleven are step-down stations. The distribution of these substations is

shown in Figure 8.

Figure 8 Distfribution of transmission substations
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3.3 DISTRIBUTION

Three companies are responsible for electricity distribution in Panama: Empresa de Distribucién Eléctrica
Metro Oeste, S.A. (EDEMET), Empresa de Distribucién Eléctrica Chiriqui, S.A. (EDECHI) and ENSA (formerly
Elektra Noreste, S.A.). Together, the concession areas cover 41% of the country’s surface area, corresponding
to 31077 km?2. EDEMET covers 64% of this area, while EDECHI covers 30% and the remaining 6% belongs to
ENSA, as shown in Figure 9.

Figure 9 Concession areas of the electricity distribution network
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EDEMET’s concession area is framed within the provinces of Veraguas, Coclé, Herrera, Los Santos, the province
of Panama west of the Panama Canal and the western part of Panama City. EDECHI covers the provinces of
Chiriqui and Bocas del Toro, and ENSA covers the provinces of Darién, Colén and part of the province of
Panama east of the Canal (except the western part of Panama City, the Comarca Kuna Yala and the islands of
the Gulf of Panama).

In 2019, the total length of the distribution networks for the public service was 44 315.64 km, 54%

corresponding to EDEMET, 27% to ENSA and the remaining 19% to EDECHI. Figure 10 shows the breakdown
of distribution line length by distribution company.
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Figure 10 Length of distribution lines, 2019
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3.4 CONVENTIONAL FUEL DISTRIBUTION TERMINALS

Panama has ten terminals providing hydrocarbon supply, storage and transfer services, in addition to a
liguefied natural gas storage and supply terminal (AES Coldn). Six of these terminals are located on the
Atlantic side, between the provinces of Colén and Chiriqui Grande. The remaining five terminals are located
towards the Pacific side, between the provinces of Panama and Chiriqui, as shown in Figure 11.

Figure 11 Fuel distribution terminals
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21



THE ENERGY SECTOR OF PANAMA: CLIMATE CHANGE ADAPTATION CHALLENGES

Table 3 presents the terminals’ operating capacity and when they started operations.

Table 3  Characteristics of hydrocarbon terminals

AES Colén (LNG) 180 000 m? 2018
Colon QOil and Services (COASSA) 121685 t

Decal Panama 356 500 t 2003
Melones Oil Terminal 2.1 million barrels 2013
Panama Oil Terminal (POTSA) - Balboa 20Mm
Panama Oil Terminal (POTSA) - Cristébal 201
Payardi Terminal Company (Chevron) 50000t 2015
Petroamérica Terminal (PATSA) 1.5 million barrels 2003
PETROPORT 1996
Charco Azul Petroterminal 1979
Chiriqui Grande Petroterminal 1979

Source: AMP (2023).

3.5 ACCESS ROUTES TO ENERGY INFRASTRUCTURE

Panama’s energy infrastructure includes an extensive network of access roads, which cover 5230 km and
connect different energy assets and fuel terminal ports across the country. The network includes trunk
roads (16%), primary roads (19%), secondary roads (17%) and tertiary roads (48%). The distribution of these
routes is shown in Figure 12.

Figure 12 Access routes fo Panama’s energy infrastructure
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endorsement or acceptance by IRENA.

In Panama, domestic fuel is mainly transported via road, supported by a network of private companies
operating at the national, regional or transnational level. These companies play a crucial role in supplying the
resource to fuel stations located across the country (LCA, 2022).
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4. RATIONALE FOR
QUANTIFYING THE
IMPACT OF EXTREME
WEATHER EVENTS ON
THE ENERGY SECTOR

Extreme weather events, such as floods, droughts and extreme heat, have significant impacts on the energy
sector. These impacts cause interruptions and imbalances in electricity generation, which can lead to a
drop in electricity production capacity and the suspension of services. They also inflict damage on energy
infrastructure, such as electricity transmission and distribution networks, as well as infrastructure for
extracting, producing, storing and distributing conventional fuels, such as refineries and pipelines. Increased
energy demand is observed during heat waves, which can put pressure on energy infrastructure and cause
supply issues and trigger energy price surges. For example, changes in the availability of energy resources,
such as drought-triggered river flow reductions, affect low-cost electricity generation from hydropower
plants, which has to be compensated by other rapid response technologies, or by costlier emergency backup
infrastructure, such as diesel- or gas-fired thermoelectric barges.

Quantifying these impacts and their effects on operations and energy supply requires a detailed analysis of
the adverse effects of climate risk in the energy sector. This analysis requires modelling based on a set of data
that is not always available or easy to generate. For example, information is required on seasonal operating
data, the physical resilience of existing infrastructure (which depends on design variables and materials used),
primary energy storage capacity and inventory management, the operations management plan, the existence
of contingency plans, companies’ response capacity, and the analysis of alternatives to access alternative
routes and resources to cope with climate contingencies.

This section presents a qualitative overview of the potential impacts on energy infrastructure of four types of
weather events: extreme rainfall floods, droughts, heat waves and sea level rise.
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4.1 EXTREME RAINFALL AND FLOODS

Extreme flood events can trigger multiple failures in electrical infrastructure; for example, they can open
protective devices and damage grid infrastructure - in possibly irreparable ways - resulting in power supply
interruptions. Floods can have a significant impact on power generation plants, given that water can infiltrate
the facilities and damage electric