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KEY MESSAGES

There are five key technologies and actions that
can provide a practical solution for effectively
integrating variable renewable energies into
electricity systems. Each of them presents its own
challenges, but global experiences show that they
can be replicable and successful. Unfortunately,
these experiences have not been disseminated on a
global scale.

Energy Storage Technology

Battery Energy Storage can provide multiple
services to power networks; most importantly is the
saving of excess renewable energy during periods
of high generation and the releasing of it when
needed, providing grid stability and flexibility. High
capital costs, lack of enabling regulations, market
incentives, and international standards, in addition
to technical complexities, all remain challenges to
overcome.

Proactive Spatial Planning

Improved spatial planning ensures optimal resource
utilization and minimizes environmental impacts.
It’s important to identify the best locations for
renewable energy installations, considering factors
like land availability, transmission infrastructure,
environmental impact, and community
engagement. Some successful strategies in this area
include the deployment of special renewable energy
zones and the co-location of renewable energy
technology with generation and load centers.
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Regional Grid Interconnection

Regional grid interconnection brings energy across
countries over a large geographical area, allowing
for greater optimization of natural energy resources,
increased system resilience, and improved energy
market dynamics. With investments, regulatory
harmonization, strong technical and operational
planning, and intergovernmental agreements

based on solid and stable policy frameworks,
advancements are possible.

Accurate Forecasting

Accurate renewable energy forecasting is one of
the most cost-effective ways to integrate VRE into
power grids. Rapid fluctuation and unpredictability
of weather can make tracking renewables like
solar and wind difficult for systems operators
trying to match electricity supply and demand.
However, advanced digital tools like data analytics,
meteorological models, and machine learning
algorithms (or Al in general) can overcome
challenges and to better predict output.

Streamlined Permitting

Streamlined permitting expedites the approval

and construction of renewable energy projects.
Bureaucratic barriers and inconsistent standards
make permitting one of the most important
roadblocks in the way of VRE expansion, but with
better governmental coordination, optimization
and digitization of processes, and early stakeholder
engagement, permitting can be simplified such that
projects can begin operation much faster.



EXECUTIVE SUMMARY

Renewable energy (RE) is playing an increasingly
pivotal role in the global energy system. As the
impacts of global warming intensify, governments
across the world are prioritizing the promotion

of renewable energy policies as a key component
of their energy diversification, decarbonization,
and energy security strategies. Furthermore, the
integration of digitalization is gaining prominence
within the sector, with advanced technologies like
big data, Internet of Things, cloud computing, and
blockchain being increasingly employed in both
renewable and fossil energy systems, as well as in
energy consumption practices.

In this context, a dedicated Working Group from
the Council of Engineers for the Energy Transition
(CEET) has undertaken the task of identifying
existing challenges that hinder the widespread
adoption of vital decarbonization technologies in
the fields of renewable energy and digitalization.
Following initial discussions with several experts,
the Group has chosen to prioritize topics that
currently pose the greatest challenges to achieving
the necessary speed and scale of renewable energy
deployment required for a successful transition to a
net zero future.

While many of these challenges have already

been overcome through the implementation of
effective practices and innovative technologies in
diverse socio-economic contexts, these successful
experiences have not been adequately disseminated
at a global scale. Thus, this paper also describes
key existing solutions that can be implemented to
address each of these challenges in order to extend
an invitation to policy makers, utility managers, and
other stakeholders in the power sector (e.g., grid
operators, regulators), urging them to familiarize

themselves with and replicate these exemplary
practices within their respective environments.

The majority of the challenges and their potential
solutions are associated with addressing barriers in
planning, administration, and project development
that hinder the widespread implementation of
large-scale grid-connected renewable projects®.
These challenges are less focused on pure
technological and engineering obstacles, as it is
widely acknowledged that existing technologies
have the capability to significantly reduce carbon
emissions and contribute to a net zero trajectory?.
However, it is important to note that several
technical and engineering challenges still persist,
particularly in emerging markets. Therefore,
governments should prioritize research and
development efforts and promote innovation
programs to tackle these specific technical aspects
in a more targeted manner.

Despite the multitude of challenges posed by the
massive deployment of renewable energies, the
expert group decided to focus first and foremost on
best practices for the effective integration of variable
renewable energies into power systems. Variable
renewable energies, often abbreviated as VRE, are
sources of energy that generate electricity according
to external factors such as weather conditions.

They are considered “variable” because their power
output can fluctuate, making them less predictable
and reliable compared to conventional sources of
energy like fossil fuels. Examples of VRE are wind
and solar power. Due to the low amount of carbon
emitted during the lifecycle of these technologies,
VRE are a crucial part of efforts to transition to a
more sustainable and environmentally friendly
energy system. However, their variability presents
challenges for grid operators and energy planners.

1. The Working Group recognizes that there are remaining structural obstacles that continue to impede the widespread implementation of
renewable energies. These obstacles include persistent subsidies for fossil fuels, which introduce distortions to the energy market and create
an uneven playing field for renewables. According to the International Monetary Fund (IMF), total explicit and implicit fossil fuel subsidies were
$5.9 trillion, or 6.8 percent, of GDP in 2020. Cutting these subsidies would reduce projected global fossil fuel CO2 emissions to 36 percent below
baseline levels in 2025 (https://www.imf.org/en/Topics/climate-change/energy-subsidies).

2. According to recent work from the International Energy Agency, existing clean technologies in the market could deliver more than 80% of the
carbon emission reductions in a net zero pathway to 2030 relative to 2020, and more than half of savings until 2050 (Roadmap: A Global Pathway

to Keep the 1.5C Goal in Reach, IEA 2023).
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To address these challenges, innovative solutions
have been developed and implemented, both

in developed and developing countries, and will
be described in the following sections. This brief
introduction highlights five key topics that are
crucial for maximizing the benefits and minimizing
the challenges associated with the integration

of VRE sources: (1) energy storage technologies,
(2) proactive spatial planning, (3) regional grid
interconnection, (4) renewable energy forecasting,
and (5) permitting.

Energy storage technologies play a pivotal role

in facilitating the integration of VRE into power
networks. By storing excess energy during periods
of high generation and releasing it when needed,
energy storage systems provide grid stability and
flexibility. This helps to address the intermittency
and variability of renewable energy sources,
enabling a more reliable and efficient power supply.

Proactive spatial planning is a key to preventing
the most frequent problems encountered in the
construction and operation of energy projects.

By strategically identifying suitable locations for
renewable energy installations, such as wind farms
and solar arrays, spatial planning ensures optimal
resource utilization and minimizes environmental
impacts. This practice involves considering

factors such as land availability, transmission
infrastructure, environmental considerations,
resilience to extreme weather events exacerbated by
climate change, and community engagement.

Regional grid interconnection is a key enabler
for the integration of VRE sources. By connecting
diverse regions and balancing the fluctuations

in renewable energy generation, regional grid
interconnection allows for greater sharing of
resources, increased system resilience, and
improved energy market dynamics. This practice
promotes a more efficient utilization of renewable
energy and enhances grid stability across larger
geographical areas.
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Accurate renewable energy forecasting is one

of the most cost-effective ways to integrate VRE
into power grids. By leveraging advanced data
analytics, meteorological models, and machine
learning algorithms, renewable energy forecasting
enables operators to predict the expected

output of renewable energy sources with greater
precision. This information is crucial for effective
grid management, optimal dispatch of generation
resources, and efficient integration of renewable
energy into the power system.

Lastly, streamlining the permitting process is
essential for the smooth and rapid integration of
VRE sources. Clear and transparent procedures,
along with standardized guidelines, can expedite
the approval and construction of renewable energy
projects. By reducing bureaucratic barriers and
promoting a predictable regulatory environment,
streamlined permitting facilitates the timely
deployment of renewable energy infrastructure.

Each topic is organized in the following manner: a
description of the challenge at hand, the benefits
associated with addressing the challenge, existing
solutions including the technological factors

that enable them, and examples of successful
experiences that can be replicated, along with key
references for further information.

1. ENERGY STORAGE TECHNOLOGIES
1.1 Challenges

Energy system decarbonization requires the rapid
scale-up of renewable energy sources such as wind
and solar that are variable. This variability demands
the implementation of storage and balancing
solutions and system-level optimization efforts to
improve the utilization of these VRE assets and thus,
the bankability of these projects. Among the most
important challenges for a massive deployment of
energy storage technologies are:

¢ Costs of deployment: Storage technologies (e.g.,
battery storage and pumped storage hydropow-



er) have high upfront capital costs.? This has lim-
ited their deployment at a larger scale and faster
pace to complement wind and solar projects
and provide grid support. Despite the cost of
battery storage coming down in recent years,* its
cost-benefit ratio is yet to be better understood
as its full potential and long-term gains are yet
to be realized. While another difficulty is select-
ing the most suitable storage technology when
the same type of service can be provided by
several storage technologies, the levelized cost
of storage (LCOS) can serve as a good indicator
for comparison. However, several other aspects,
such as the level of dispatchability, shift of gen-
eration being considered, spread between peak,
off-peak time tariffs, and sources of generation,
impact the final cost. With a decent level of
partial dispatchability where there is good wind
and/or solar resource, hybrid plants, such as
wind and/or solar plus storage can economically
compete with fossil fuel generation.

Operational challenge: Storage batteries are
considered a new technology in many markets
and are not well understood or operationalized
technically, and knowledge and capacity build-
ing in grid management of storage is urgently
needed. Optimization of storage requires high
levels of technical and operational capacity for
energy systems and forecasting capacity of wind
and solar farms, which are often lacking in many
developing countries. However, this challenge
can also be seen as an opportunity since ad-
ditional energy storage in the system could
improve dispatchability of renewable generation
and minimize duplication of generation capacity
with fully dispatchable assets, such as fossil fuel
generation.

Lack of standardization: International techni-
cal and implementation standards for battery
storage are lacking. This creates a challenge for
the long-term compatibility and continuity of
many storage projects and increases the trans-

Ini, “Large-Scale Solar LCOE Fell 3% to $0.049/Kwh in 2022, Says Irena.”

BloombergNEF, “Top 10 Energy Storage Trends in 2023.”
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action costs for scaling up their deployment. To
date, there is also a lack of production certifica-
tion standards for a sustainable battery storage
supply chain. The high mineral resource require-
ment for some battery storage technologies can
cause ESG concerns if not properly managed.

Lack of policy support and market design: Reg-
ulatory policy is lagging and the energy storage
technologies, knowledge, and learnings that
exist today are slow to be disseminated across
countries and regions.

Innovation and critical mineral constraints:
Research and development on batteries is being
driven by efforts to increase energy density,
reduce cost, reduce critical material usage, and
develop new battery chemistries with readily
available materials. For example, lithium-ion
batteries such as Lithium Iron Phosphate (LFP)
batteries and 3-1-1 Nickel Manganese Cobalt
(NMC) batteries, reduce and eliminate the use
of critical materials, such as cobalt, in batteries,
while increasing energy densities, storage, and
range. At the same time, battery manufacturers,
research institutions, and university laboratories
are developing and piloting new chemistries
with readily available materials, such as Sodi-
um-lon batteries, Lithium-Sulphur batteries,
Metal-Air batteries, molten metal batteries and
flow batteries, for different applications in both
mobility and pure stationary storage. These new
chemistries are likely to be introduced commer-
cially around the year 2025 and are expected to
play a significant role in the large-scale devel-
opment of energy storage solutions with cheap
and readily available materials. The selection of
the battery technology and particular chemistry
will depend on the application and local require-
ments of the electrical systems.



1.2 Solutions

A holistic and comprehensive approach and a
conducive ecosystem for storage implementation
and integration in the energy system are required.
The following key steps should be taken by
government departments, regulators, system
planners and operators, and project developers
to incentivize storage integration and system
optimization to increase project bankability:

e Government guarantee and support: Strong
involvement from governments and government
agencies to provide financial support for initial
demonstration projects to incentivize private
sector participation, as well as to ensure long-
term offtake through government guarantees.

e Streamline grid connection for battery storage:
Easy and streamlined process to obtain approval
for grid connection projects when adding batter-
ies to an existing wind or solar farms.> Shortened
construction time will increase the economic
value of both the wind and solar farms and bat-
tery storage facilities.

¢ Reform ancillary service: Enable battery stor-
age as a Fast Frequency Response capability to
assist with frequency control and system securi-
ty support by rapidly responding to emergency
imbalance events.

¢ Improve regulatory ecosystem: Include storage
batteries in medium- and long-term plans for
system expansion; define clear regulations for
the ownership and operating models of storage
to enable a wide range of revenue streams; de-
velop accounting, billing, and metering methods
for battery storage systems; and recognize bat-
tery storage as demand side response resources
for system reliability and stability.

¢ Achieve technical efficiency: Smart management
software to optimize and co-manage wind/solar
plus storage facilities to maximize the economic

5. Clean Energy Council, “CHARGING FORWARD.”
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value and smart battery management software
to protect the battery and act as a site control-
ler to implement the charging and discharging
algorithms.

o Increase revenue streams:

+ Allow battery value to be recognized as gen-
eration capacity, for example, to be reflected
in solar PV feed-in-tariffs or to receive capac-
ity payment.

+ Increase economic value in providing fre-
quency and regulation control, for example,
in ancillary services, black start services, and
flexible ramping.

+ Recognize the economic value of battery
storage and demand side response through
avoided costs from the deferred investments
in grid reinforcement and peak generation
investment.

+ Market-based settlement regime reform
to adopt a five-minute market settlement
approach that increases the value of fast
acting services, such as battery storage and
demand side response.

+ Incentivize long-term offtake contracts, in-
cluding long-term PPAs, contracts for differ-
ence, or guarantees from governments and
utilities for a clearly defined revenue stream
over the amortization period of projects.

1.3 Successful Replicable Experiences

Although there are diverse storage technologies
for fast response and/or long duration storage

in successful operation, this section focuses on
examples of pioneering projects that offer different
grid services with lithium battery technology:

¢ Dalrymple ESCRI-SA battery project: A 30 MW/8
MWh battery in Yorke Peninsula, South Austra-
lia. It is grid-connected but during an outage, it


https://assets.cleanenergycouncil.org.au/documents/resources/reports/charging-forward-energy-storage-paper.pdf

can operate with the 90 MW Wattle Point Wind
Farm and rooftop solar PV in islanded mode.® Its
revenue streams include lowering the marginal
loss factor at the Wattle Point Wind Farm, reve-
nue from expected unserved energy, frequency
control ancillary services, and market trading
opportunities. Under contingency conditions,
the Dalrymple substation and downstream load
can operate in islanded mode, with the battery
storage expected to cover the islanded load with
100% renewable energy.

Limay BESS in Bataan, the Philippines: A 60 MW
capacity packaged BESS solution purposely
designed and installed to strengthen the reli-
ability and stability of the grid, and to support
the integration of renewable energy on the
main island of Luzon. This facility helps to avoid
large frequency and voltage deviations that can
result in costly equipment damage and disrup-
tive power system failure. Operating within the
Philippine Wholesale Electricity Spot Market

it allows operators to optimize the electricity
system by leveraging peak shaving and load-lift-
ing to reduce overall system costs, and therefore
benefit its citizens with lower cost of electricity.

Hornsdale Power Reserve: The world’s first

big battery storage in the world balances and
supports over 65% of wind and solar capacity in
the generation mix in the state of South Austra-
lia. The 150 MW battery reserve includes Tesla’s
Virtual Machine Mode, enabling the battery to
provide inertia support services to the electricity
grid, as well as regulation control ancillary ser-
vices, frequency control ancillary services, and
energy arbitrage. It has saved South Australian
consumers over $150 million since 2017.

Virtual Reservoir: The world’s pioneering Virtual
Reservoir merges a lithium-ion battery bank
with a run-of-the-river hydroelectric facility.
Implemented at Chile’s 178 MW Alfalfal | plant,

ElectraNet, “Dalrymple ESCRI-SA Battery Project.”

Lewis, “The World’s Largest Single-Phase Battery Is Now up and Running.”

NS Energy, “Moss Landing Battery Storage Project, California, US.”
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this innovation captures surplus energy during
low-demand periods, storing it for release
during peak demand, delivering 5 hours of
power. With a 10 MW capacity, Virtual Reservoir
matches the energy supply of 4,000 homes.
Noteworthy for optimizing hydroelectric output
and bolstering generating capacity, it also offers
flexibility, enabling ancillary services like fre-
quency regulation and voltage control.

Kiamal Solar Farm: A 256 MW solar PV project
located in Victoria, Australia. The 190 MVAr
Kiamal Synchronous Condenser, the largest
synchronous condenser installed in Australia,
contributes system strength into the NW Victo-
rian grid to help maintain network stability. It

is co-located with Stage 1 of Kiamal Solar Farm
and connected into TransGrid’s Kiamal Terminal
Station. However, the bankability of this proj-
ect increased when it was combined with a 100
MW/380 MWh battery storage system, which al-
lowed the project to provide dispatchable power
to the grid.

Crimson Storage in California: A 350 MW/1400
MWh battery storage project, by far the sec-
ond-largest energy storage project in the world.”
A solar farm will be constructed later to deliver
power to around 87,500 homes through the
Southern California Edison Colorado River Sub-
station. Crimson Storage holds two long-term
contracts with local utilities: a 200 MW/800 MWh
14-year and 10-month contract with Southern
California Edison and a 150 MW/ 600MWh 15-
year contract with Pacific Gas and Electric.

Moss Landing Battery Storage Project in Califor-
nia: At 400 MW/1,600 MWh capacity, it is current-
ly the world’s biggest battery storage facility.®
Vistra Energy, an integrated retail electricity and
power generation company based in Texas, USA,
developed the project in two phases under two
separate resource adequacy agreements with


https://www.energy-storage.news/delivering-grid-scale-battery-storage-as-an-enabler-of-the-philippines-energy-transition/
https://www.energy-storage.news/delivering-grid-scale-battery-storage-as-an-enabler-of-the-philippines-energy-transition/
https://hornsdalepowerreserve.com.au/
https://hornsdalepowerreserve.com.au/
https://www.aeschile.com/es/node/9651
https://www.aeschile.com/es/node/9651
https://kiamalsolarfarm.com.au/
https://kiamalsolarfarm.com.au/

the Pacific Gas and Electric Company. Vistra
secured a $1.3 billion construction loan from

a group of lenders including JPMorgan Chase,
Bank of America, and MUFG Union Bank. In
addition, the project is partially funded through
the California Public Utilities Commission’s
Resource Adequacy Program, which pays energy
storage facilities to maintain a certain level of
capacity on the grid.

2. PROACTIVE SPATIAL PLANNING FOR RE
INFRASTRUCTURE (RESOURCE CO-LOCATION AND
OPTIMIZATION)

2.1 Challenges

Efficient energy system decarbonization requires
better utilization of local and regional resources
from both the supply and demand sides, as well

as collaborative planning and management
approaches at the regional level supported by policy
makers, system planners, project developers, and
local communities. Such cooperation plays a critical
role in addressing the following key challenges.

¢ High costs of grid connection: The best and
most resource-efficient renewable energy sites
are often situated in remote areas, far from the
existing grid infrastructure. This has limited the
development of these renewable energy sites
to achieve energy decarbonization goals, due to
the high costs of establishing new grid connec-
tions.

¢ Co-development challenge: Due to generally
different geographic and temporal weather
patterns, achieving overall local efficiency of
renewable energy resources often requires that
different technologies are co-located and opti-
mized across the planning, development, and
operational phases. These local projects often
have different development and technological
requirements, and diverse ownership schemes,
which create complications in coordination for
better development, asset utilization, and man-
agement to achieve greater efficiency.
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¢ Incoherent and insufficient co-optimization pol-
icy support: Governments often are relied upon
to provide guidance and policy and planning
tools for the development of local/regional
zones in order to help achieve more efficient and
optimal outcomes for developers and finan-
ciers with different expertise and objectives.
However, hybrid generation policy frameworks
and regulations are still lacking in many coun-
tries, causing delays in their development and
implementation. Long permitting processes
and inadequate planning and management
frameworks for co-location and co-optimization
can deter the development of high renewable
energy resource sites for onshore and offshore
wind and solar farms.

o Lack of local/regional energy system planning
capacity: Local/regional energy system plan-
ning has yet to be sufficiently incorporated into
local urban or regional planning efforts to better
align development and economic objectives
across different scales. This means that central-
ized system planners tend to not be sufficiently
informed of local objectives and are thus unable
to coordinate a collaborative decision-mak-
ing process for improved local outcomes. For
example, in some jurisdictions, the rapid uptake
of distributed generation at the household level
has triggered the curtailment of their outputs
due to network constraints, which could be
avoided via the alignment of local and regional
planning.

2.2 Solutions

The following approaches can be considered for
better local optimization to increase RE bankability
based on local contexts and conditions:

o Co-location of wind-solar-storage technol-
ogies, hydro-floating solar, or other hybrid
technologies, including nuclear, geothermal,
etc: There are production and cost efficiencies
that can be achieved in sharing sites, grid con-
nection, and HV transmission lines. For example,
in many locations, merging wind and solar pow-
er technologies increases generators’ capacity
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factor and decreases their intermittency at the
connection point. Adding storages will further
increase the dispatchable power generation
capacity and the value of the bundled proj-

ects. For example, a study found that wind and
solar potentials for Europe are anti-correlated
at seasonal and monthly timescales.® Through
co-location, renewable power generation would
be available more than 70 per cent of the time in
southern Europe, and more than 50 per cent of
the time in the intermediate latitudes of Europe.

Co-location of generation and load centers:
This approach is best demonstrated, for exam-
ple, by renewable energy powered mining sites
and green hydrogen production sites. The co-lo-
cation of generation and load centers will reduce
or eliminate the costs for major grid extension
projects and minimize the transmission costs
and losses. These sites can be either on-grid or
off-grid depending on the situation. Many mu-
nicipalities considering net zero emissions are
also utilizing distributed energy technologies to
better satisfy local demand through local gen-
eration. Local supply tends to be more resilient,
especially when there is major disruption in the
main system.

Special renewable energy zones: These zones
support the green economy and demand expan-
sion.'® Renewable energy zones can be used as a
planning tool to make sure new renewables can
be coordinated together with transmission and
demand, while combining generation, transmis-
sion, and storage to achieve better economic
efficiency. Coordinated action and government
leadership are needed to help achieve more
efficient and optimal outcomes for developers,
industry, and communities. They also provide
opportunities for thousands of clean jobs to be

lations.”

Christiansen and Lam, “CO-LOCATION INVESTIGATION.”

created, mostly in regional areas, whilst reduc-
ing a country’s reliance on fossil fuels to fight
climate change.

2.3 Successful Replicable Experiences

o Zhangbei National Energy Storage and Trans-

mission Demonstration Project: This project
provides frequency regulation, ramping, renew-
ables capacity firming, and renewable energy
time shift.* The project includes 100 MW of wind
generation, 40 MW of solar PV, and 20-36 MW of
battery storage. The project reported to have
significantly smoothed and balanced power pro-
duction, although the use of large-scale power
storage may well have contributed to this claim
rather than the complementary nature of the
solar and wind resources.

Da Mi hydro-floating Solar Hybrid Project:

A 47.5 MW floating solar project, generating
70,000 MWh of electricity.’? The project cost
$66.44 million, consisting of 143,940 modules,
each with 330 W nameplate capacity spreading
over an area of 50 hectares. Potential benefits
of coupling floating PV with hydropower in-
clude reduced transmission costs by linking to
a common substation and balanced generation
from the two technologies—solar power with
better potential during dry seasons, hydropower
with better opportunity during rainy seasons.
Pumped hydropower storage can also be devel-
oped to store excess solar generation.:?

Renewable energy industrial precincts: Some
Australian governments and regulators devel-
oped precincts where renewables could be
co-located with industrial development, with
the aim of streamlining approvals, maximizing
the use of the electricity infrastructure, facilitat-

Bossonot and Schlosser, “Characterization of the Solar Power Resource in Europe and Assessing Benefits of Co-Location with Wind Power Instal-

Power Technology, “Zhangbei National Wind and Solar Energy Storage and Transmission Demonstration Project | - Bess, China.”

Larkin, “ADB, DHD Deal to Provide First Large-Scale Floating Solar PV in Viet Nam.”

Macknick, et al., “The 5 Cs of Agrivoltaic Success Factors in the United States: Lessons From the InSPIRE Research Study.”
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ing innovation, as well as improving community
consultation and regional employment oppor-
tunities.* These precincts help the country’s
manufacturing industry capitalize on the grow-
ing global demand for low-emissions products.
They are attractive locations for energy-inten-
sive businesses, such as aluminum smelting,
steel and other metals processing, hydrogen
production, chemical production including
pharmaceutical supply chains, recycling, ad-
vanced manufacturing, and data centers.

« Agrivoltaics: Although it is not the optimization

14.
15.
16.
17.

of two renewable technologies, the innovative
practice of combining agriculture with solar
energy production, called agrivoltaics, provides
a double benefit by maximizing land-use effi-
ciency.” This approach not only generates clean
solar power, but also enhances agricultural
productivity through optimized land utilization,
reduced water evaporation, and improved crop
yields. By integrating solar panels into farming
landscapes, agrivoltaics present a sustainable
solution to bolstering power networks, while
promoting ecological harmony and food securi-
ty.1e

Solar Hybrid Project in the mining sector in
Egypt: The project consists of a 36 MW solar
farm and a 7.5 MW battery storage system.17
Both subsystems were integrated into the gold
mine’s existing diesel power plant during ongo-
ing mine operations. JUWI Hybrid |Q micro-grid
technology enables the integration of the solar
and battery system into the existing off-grid net-
work and supports the operation of the existing
power station.

BZE, “Ambitious Research to Drive Australia’s Economy Forward.”

3. REGIONAL GRID INTERCONNECTION
3.1 Challenge

Regional power system integration is a process that
requires work across a range of technical, economic,
policy, and social issues. In different countries,
power systems may have evolved separately,

with different standards, technologies, and even
divergent institutional and administrative features.
Despite the challenges in interlinking national
power grids, the technical and economic benefits
are becoming more explicit under the necessary
global transition to low-carbon power systems.

Regional grid interconnection involves connecting
electric power grids of different regions or countries
to allow for the exchange of power among them.
This has many benefits such as improving system
reliability, improving overall efficiency, and
increasing renewable energy utilization. However, it
also presents several challenges:

¢ Financial: Significant investments are required
to establish regional grid interconnections. This
can involve financing new or upgrading existing
infrastructure. Harmonizing regulations and
market design is needed for efficient operation
of regional interconnected grids.

¢ Technical: Interconnecting grids with differ-
ent frequencies or transmission voltages can
be technically challenging. The design of the
interconnection system and the associated
infrastructure requires careful planning and
coordination to ensure efficient and reliable
operations.

e Operational: Effective operation of the intercon-
nected regional grid requires ongoing coordina-
tion and communication among various stake-
holders, such as system operators, regulators,

Colorado Agrivoltaic Learning Center, “Agrivoltaics 101: Colorado Agrivoltaic Learning Center: United States.”

NREL, “News Release: Untapped Potential Exists for Blending Hydropower, Floating PV.”

Renewable Energy Industry, “Lighthouse Project: Juwi Commissions World’s Largest Mine-Hybrid Power Plant in Egypt.”
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and market participants. This can be challenging
in the context of different languages, cultures,
and operation protocols.

e Regulatory: Different countries or regions may
have different regulatory frameworks and mar-
ket rules, making it difficult to establish a con-
sistent approach to grid interconnection. This
can create issues around transmission pricing,
market design, and operational standards.

e Political: Political considerations can also
present challenges to grid interconnection.
Some countries may be hesitant to depend
on power supplies from other countries due
to the concern of national security risks.

e Economical: Some countries are exporting to
neighboring countries electricity from other
sources than renewables. A larger regional
integration based on increased intercon-
nection with countries that have important
renewable resources could be considered a
threat to their commercial balance relating
to electricity trade.

3.2 Solutions

In the last 30 years, multiple shifts in the global
energy landscape have created a number of drivers
for increased cooperation to develop regional
power grids: the rising cost competitiveness of
variable renewable energy sources such as wind
and solar PV, pressing need to decarbonize the
energy systems, cost and efficiency improvements
in long distance transmission technologies, growing
number of relevant regional and intercontinental
integration projects and entities, and availability
and sophistication of digital technologies for
smarter and more flexible power grids.

A combination of technical, economic, social,

and political strategies may be implemented to
advance cooperation in power systems integration
(UNESCAP, 2020):

+ Political-level support;
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+ Develop a master plan for regional power
grid connectivity, including coordination of
cross-border transmission planning and system
operations;

+ Develop and implement Intergovernmental
Agreements, creating a broader institutional
framework;

« Coordinate, harmonize, and institutionalize
policy and regulatory framework;

+ Move towards multilateral power trade and
create competitive markets for cross-border
electricity trade;

+ Mobilize investment in cross-border grid and
generation infrastructure;

+ Encourage capacity-building and sharing of
information, data, and best practices;

+ Ensure that energy connectivity initiatives are
compatible with the SDGs.

3.3 Benefits

The interconnection of power grids has many
potential benefits, including:

¢ Improving reliability and pooling reserves:
Sharing reserve capacity within an interconnect-
ed network can reduce the amount of capacity
needed by individual networks to ensure reli-
able operation.

¢ Reduced investment in generation: Shared
generation resources can reduce or postpone
individual generation capacity build. Power
interconnection can even open new markets for
resource-rich countries, while providing coun-
tries with high or growing demand or limited
potential the opportunity to develop renewable
resources domestically, as well as access to
sources of low-cost, low-carbon electricity.

¢ Improving load factor and increasing load diver-
sity: Systems can improve poor load factors by
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interconnecting to other systems with different
types of loads, or loads with different daily or
seasonal patterns that complement their own.

e Economies of scale: Sharing resources in an in-
terconnected system can allow the construction
of larger facilities with lower unit costs.

¢ Diversity of generation mix and supply securi-
ty: Interconnections between systems that use
different technologies and/or fuels to generate
electricity provide greater security in the event
that one kind of generation becomes limited.

e Economic exchange: Interconnection allows
the dispatch of the least costly generating units
within the interconnected area, providing over-
all cost savings that can be divided among the
component systems.

¢ Environmental dispatch and new plant siting: In-
terconnections can allow generating units with
lower environmental impacts to be used more
and units with higher impacts to be used less.

¢ Coordination of maintenance schedules: In-
terconnections permit planned outages of
generating and transmission facilities for main-
tenance to be coordinated, so that overall cost
and reliability for the interconnected network is
optimized.

e Power system flexibility increases: Regional
integration and multilateral power trading can
expand balancing areas, allowing for efficient
resource sharing, particularly for renewable
resources, ultimately helping to increase power
system flexibility and resilience.

3.4 Technology Enablers

The technologies have a pivotal role in promoting
the advancement of regional interconnection, of
which current attention should be paid to power
transmission from high-voltage to ultra-high-voltage

18. Barrera, “Central American Electrical Interconnection System (SIEPAC).”

POWER

(HV/URV PT), voltage source converter (VSC),
electricity submarine cable (ESC), and advanced
operation, simulation, and control technologies
(AOSCT). HV/UHV PT provides the essential physical
infrastructure for effective long-distance and low-
loss power transmission. VSC technology enhances
the flexibility and efficiency of access, delivery,

and distribution of variable renewable energy. ESC
facilitates efficient underwater power transmission,
particularly for countries situated across the sea.
AOSCT significantly enhances precision control and
reliability levels of power grids.

3.5 Successful Replicable Experiences

¢ Central American Electrical Interconnection Sys-
tem (SIEPAC): The electrical interconnection of
Central American countries has been promoted
for several decades as a fundamental instrument
for economic development and integration in
the region. Initial planning and negotiations can
be dated back to 1976, however, the first opera-
tions started in around 2010. The purpose of this
electrical interconnection is to use the energy
resources of the Central American Isthmus (Gua-
temala, Honduras, El Salvador, Nicaragua, Costa
Rica, and Panama) in an optimal, rational, and
efficient way, and to benefit from the develop-
ment and coordinated operation of an inter-
connected electrical system. Efforts to progress
in regional electricity integration have moved
forward through the design and execution of
the Central American Electrical Interconnection
System (SIEPAC) project, the construction of the
first regional transmission system and launch
of a competitive electricity market in which all
Central American countries participate.’®

¢ Lao PDR-Thailand—Malaysia-Singapore Power
Integration Project (LTMS-PIP): Operational in
2022, the LTMS-PIP is considered a historic mile-
stone, serving as the first multilateral cross-bor-
der electricity trade scheme involving four ASE-
AN countries, and providing the first renewable
energy import into Singapore. It comprises the
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19.

import up to 100 MW of renewable hydropower
from Lao PDR to Singapore via Thailand and
Malaysia using existing interconnections. Power
trade in the region started at the bilateral level
and is envisioned to scale up to trade within
three subregions — north (ASEAN countries in
the Greater Mekong Subregion), south (Malaysia

and Singapore), and east (BIMP-EAGA countries).

The European Cross-Border Power Grid: Covers
thirty-six countries and is one of the world’s
largest regional power grids. It contains four
sub-regional AC power grids connected by DC
lines, including Continental Europe, Northern
Europe, the UK & Ireland, and Baltic States. In
addition, the Continental European grid is con-
nected to the grid of North Africa via double-cir-
cuit Spain-Morocco submarine lines.'® Regional
power grids allow surplus renewable energy
from northern and southern Europe to replace
coal power in the west and east. Transnational
transmission capacity can be utilized during
peak demand periods to improve flexibility,
reducing the need for traditional power con-
struction. It also supports the consumption of
renewable energy resources in conjunction with
carbon markets.

Trans-Borneo Power Grid Sarawak—West Kali-
mantan Interconnection Project: Starting oper-
ations in 2016, this is a 275-kilovolt grid-to-grid
transmission line between Sarawak in Malaysia
and West Kalimantan in Indonesia on the island
of Borneo. The next challenges will be adding
submarine cables from Singapore to Sumatra,
Kalimantan, Malaysia, Sabah, Sarawak, and
Brunei to the Philippines.

Sustainable Electricity Trade (SET) Roadmap:
Recognizing the numerous benefits of regional
electricity market integration, France, Germa-
ny, Morocco, Portugal, and Spain are designing
the rules and conditions for the integration of
electricity markets based on renewable energy.
The SET consortium includes Artelys, Castalia,

Ernst and Young, and Fraunhofer ISI. The first
market that has been integrated is the Green
Cross-Border Corporate PPA. The integration of
other markets, such as the wholesale market

or the primary reserve, are being studied. The
main challenges that are slowing down markets’
integration in the frame of the SET Roadmap
are: countries’ hesitation to extend interconnec-
tion with neighboring countries and countries’
hesitation to fully open their market to compe-
tition from other countries in order to protect
monopolies.

4. MANAGING VARIABLE RENEWABLE ENERGY:
FORECASTING

4.1 Challenge

Managing VRE in power networks can be
challenging because the output of sources, such

as wind and solar power, can fluctuate rapidly

and unpredictably due to changes in weather
conditions. This can make it difficult to ensure

a stable and reliable power supply, as well as to
balance supply and demand on the grid, especially
at high VRE penetration levels.

4.2 Solutions

Advanced forecasting is one of the most cost-
effective solutions to improve the integration of
solar and wind energy into power networks because
it allows utilities and grid operators to predict the
amount of renewable energy that will be generated
over different time horizons, which in turn enables
them to balance supply and demand more
effectively on the grid. With accurate forecasting,
utilities and grid operators can anticipate when
renewable energy generation will be high or low and
adjust their operations accordingly. For example,

if a forecast predicts that solar generation will

be high during the middle of the day, the utility

or grid operator can schedule maintenance on
conventional power plants during that time or

Ladislaw and Naimoli, “Transforming the U.S. and EU Electric Power Sectors.”
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increase imports of power from neighboring grids.
Similarly, if a forecast predicts that wind generation
will be low overnight, the utility or grid operator
can schedule power generation from other sources
to make up for the shortfall. Recent use of artificial
intelligence (Al), cloud computing, big data, and
machine learning in forecasting has contributed to
more accurate predictions, better decision making,
increased grid stability and reliability, and cost
savings.

4.3 Benefits

Improved forecasting of renewable energy in power
networks can provide several benefits, including:

¢ Increased grid stability and reliability: With accu-
rate forecasting, utilities and grid operators can
anticipate changes in renewable energy gener-
ation and take steps to maintain a stable and
reliable power supply.

® Reduced costs: Improved forecasting can help
utilities and grid operators reduce the need for
expensive fossil fuel-based power generation,
and to optimize the use of energy storage sys-
tems, which can help to lower overall costs.

¢ Improved energy market efficiency: Accurate
forecasting can enable utilities and grid oper-
ators to better predict supply and demand on
the grid, which can lead to more efficient energy
market operations.

¢ Increased integration of renewable energy:
Improved forecasting can help utilities and grid
operators integrate renewable energy more ef-
fectively into the power network, which can help
to increase the overall penetration of renewable
energy sources in the grid.

¢ Better management of transmission systems:
Accurate forecasting can help utilities and grid
operators predict power flows in the transmis-

sion systems, allowing them to better manage
the network and avoid congestion.

o Better use of energy storage: With accurate fore-
casting utilities, grid operators can optimize the
use of energy storage systems to better manage
the supply and demand of electricity in the grid,
reducing costs and increasing the penetration of
renewables.

4.4 Successful Replicable Experiences

e National Grid, Great Britain: Renewables are
playing an increasingly important role in the
power system in Great Britain. In May 2019, the
Electricity System Operator (ESO) reported the
first two-week system operation period without
coal-fired generation. The ESO aims to be able
to operate a zero-carbon electricity system by
2025, using machine learning to build a solar
forecasting system which is 33% more accurate
by analyzing large amounts of historical data
and identifying patterns that can help predict
future energy generation.?® Additionally, the ESO
has been experimenting with the use of deep
learning algorithms, which can learn to identify
patterns in data that are not visible to the hu-
man eye to improve the accuracy of its renew-
able energy forecasts even further.

e Xcel Energy, USA: Xcel Energy is the largest clean
energy provider in the United States, with 11.2
GW installed capacity of solar and wind plants
in the power grid. In 2020, the utility generat-
ed about 35% of its electricity from renewable
sources, primarily wind and solar, and has
committed to sourcing 100% carbon-free energy
by 2050. The utility worked with several research
labs to improve their wind forecasting system
specific to each wind farm site, based on mea-
sured wind speeds at wind turbine hub heights
and updates of 15 minutes for a period of 7
days.?! The improved operation of their wind
farms using the new system that represented a

20. ESO, “ESO and the Alan Turing Institute Use Machine Learning to Help Balance the GB Electricity Grid.”

21. Baskin, “Xcel Tames Variability of Wind Power.”
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22.

23.
24,
25.
26.
27.

one-time investment of US$3.8 million generat-
ed their customers US$60 million in total savings
in electricity bills over a period of 7 years.

Electricity Market Administration ADME, Uru-
guay: Since 2016, Uruguay ranks second world-
wide in terms of the highest share of wind en-
ergy in power systems, only behind Denmark.?
In 2020 and 2021, wind electricity accounted for
42.2% and 32.3% of the country’s total electrici-
ty generation, respectively. The PRONOS project,
carried out by the Uruguayan Electricity Market
Administrator (ADME), worked to include wind
and solar resource forecasts in the optimal oper-
ation tools of the Uruguayan National Intercon-
nected System (SIN), which until then only con-
sidered the availability of fuel for thermal power
plants and water for hydroelectric plants.? This
new real-time model allows the estimation of
solar and wind output for the next 7 days and
energy prices for the next 72 hours, optimizing
the use of available energy.?* The incorporation
of forecasts using this tool into the strategies
used for programming future operations has fa-
cilitated power exports to Brazil and Argentina,
which has translated into benefits estimated to
be in the order of US$20 million per year.

Wind Capacity Forecasting, Texas, USA: The
Electric Reliability Council of Texas (ERCOT) is
responsible for managing the power grid in the
state of Texas. Wind power is a significant source
of energy in the ERCOT grid, with over 30 GW

of installed wind capacity. Wind capacity fore-
casting is essential for the efficient and reliable
integration of wind power into the ERCOT grid.®
ERCOT performs an Intra-Hour Wind Power
Forecast (IHWPF) by wind region that provides

a rolling two-hour, five-minute forecast of
ERCOT-wide wind production potential. This
report is posted every 5 minutes and includes
system-wide and geographic regional 5-minute
averaged solar power production for a rolling
historical 60-minute period.*

5. ACCELERATING RE DEPLOYMENT: PERMITTING
5.1 Challenge

Permitting constitutes nowadays one of the most
important roadblocks to a faster energy transition.
Challenges associated with lengthy and complex
frameworks for project siting and development,
stakeholder opposition, permitting timelines and
costs, lack of standardized processes, limited
permitting agency capacity, land use and access
issues, and grid integration can collectively hinder
the speed of the energy transition by delaying

the approval and development of renewable
energy projects. Addressing these challenges and
streamlining the permitting process for renewable
energy projects can help accelerate the transition to
a more sustainable and low carbon energy future.

In 2021, the EU Commission sponsored a study
on RES development barriers and on 18 January
2022, the EU Commission published a Call for
Evidence and an open public consultation to gather
stakeholder feedback on the permit-granting
processes for renewable energy projects.”” The
results of this public consultation confirm that
administrative processes (e.g., via bureaucratic
burdens, lack of legal coherence, and lack of
spatial planning), access to the grids, conflict of
public goods (environmental regulation and land-

In 2019, Uruguay ranked third, after Denmark and Ireland, due to an especially dry season and low availability of hydropower, which is the main

source of electricity for the country.

Cisneros, “Las Ganancias En Eficiencia Energética Del Sistema Eléctrico Uruguayo.”

Proyecto PRONOS, “Monitor de Generacién ERNC.”
ERCOT, “Combined Wind and Solar.”
ERCOT, “Intra-Hour Wind Power Forecast by Geographical Region.”

Tallat-Kelpsaité, J., Briickmann, R., Banasiak, J. et al. “Technical support for RES policy development and implementation”; European Commis-
sion, “DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL,” May 2022.
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use conflicts), and third-party opposition are key
bottlenecks for the acceleration of renewable
energy deployment.

5.2 Solutions

Improving permitting requires a multi-faceted
approach and coordination between several
agencies at the national, federal or state level.
Some of the measures that can be implemented by
governments include:

¢ Streamlining regulatory frameworks: Simpli-
fying and streamlining regulatory frameworks
associated with renewable energy projects can
help reduce complexity and shorten permitting
timelines. This could involve harmonizing fed-
eral, state, and local regulations; creating clear
and consistent guidelines; and standardizing
permitting processes across jurisdictions. It may
also involve conducting comprehensive reviews
of existing regulations to identify and remove
unnecessary barriers to renewable energy proj-
ect development, while maintaining appropriate
environmental and safety protections.

e Stakeholder engagement and collaboration:
Engaging and collaborating with stakeholders,
including local communities, environmental
groups, and other interest groups, early and
throughout the permitting process can help
address concerns and build support for renew-
able energy projects. This can involve proactive
communication, public outreach, and meaningful
engagement to understand and address stake-
holders’ concerns and incorporate their feedback
into project design and mitigation plans.

¢ Enhancing permitting agency capacity: Increas-
ing the capacity of permitting agencies through
additional staffing, expertise, and resources can
help expedite the review and approval of renew-

able energy projects. This may involve allocating
adequate resources to permit review, hiring
qualified personnel with relevant expertise, and
providing training and support to permitting
agencies to enhance their efficiency and effec-
tiveness.

Standardizing or digitalizing permitting process-
es: Developing standardized permitting pro-
cesses and requirements for renewable energy
projects at all levels can provide clarity and con-
sistency, reduce duplication, and streamline the
permitting process. This may involve developing
best practices, digitalizing application templates
and guidelines for permit applications, envi-
ronmental assessments, and other permitting
requirements, while ensuring that environmen-
tal and safety standards are maintained.

Improving coordination among agencies: Coor-
dination among different agencies involved in
the permitting process, such as environmental,
energy, and land management agencies, can
help streamline the permitting process and
reduce delays. This may involve setting up “one-
stop-shops,”??° creating interagency task forces,
improving communication and coordination
mechanisms, and establishing clear lines of re-
sponsibility and accountability among agencies.

Integration of grid access and spatial planning:
Incorporating environmental analysis tools,
such as Strategic Environmental Assessments
(SEA), and other land restrictions early in the
grid integration project development process
can help identify and address potential chal-
lenges and unforeseen issues upfront. This may
involve conducting grid studies, identification,
and allocation of low environmentally sensitive
areas for project development. Federal or local
governments can then issue specific regulations
to speed up processes or waive certain require-

28. Inorderto have an integrated approach of facilitating the permitting process, avoiding the mobilization of land that has other public interest
(such as agriculture), and avoiding land speculation, it is important to have an unique public agency that purchases land and de-risks the best lo-
cations. This agency would handle all the permitting processes and lease the land to developers, which could optimize the end-cost of electricity

by transferring both the land and permitting risk to the public.

29. Danish Energy Agency, “The Danish Energy Agency as a one-stop-shop authority.”
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ments for renewable energy projects asking for
development and grid interconnection permits
in those designated areas or prioritized “renew-
able energy zones.” Additionally, federal, and
local governments should require SEA for their
National Energy and Climate Plans (NECPs).
The SEA should result in an a priori definition

of suitable areas for RES project development.
Those suitable areas for RES should be included
in the NECPS, ensuring the necessary means

to achieve national contributions to renewable
energy targets.

Environmental and Social Impact Assessment
(ESIA): To identify positive and negative impacts
caused by project implementation from the de-
sign phase and throughout project construction,
operation, and decommissioning. Best practice
guidelines help project developers facilitate and
streamline the accomplishment of both man-
datory stages (environmental licensing, waste
management permitting, and planning consent)
and dialogue with stakeholders to increase
engagement and reduce potential risk of oppo-
sition. An ESIA is a legal requirement in many
countries, although national legislation and
local requirements vary. In some circumstances,
for example, this is a requirement where interna-
tional funding is being sought for project devel-
opment.

5.3 Successful Replicable Experiences

e Texas, USA: The Texas Competitive Renewable

30.
31
32.

Energy Zones (CREZs) were established in 2005
by the state government to prioritize renewable
deployment and transmission infrastructure

in areas with high wind potential and energy
demand.** By 2013, the project was operation-
al, surpassing the initial target of 18.5 GW with
over 30 GW of renewable energy capacity today.
Curtailment, which refers to unused renew-
able energy due to grid constraints, dropped

Public Utility Commission of Texas, Docket NO. 33672.

Ministry of New and Renewable Energy | India, “Schemes.”

significantly from 17% in 2009 to 0.5% by 2014.
The project also stimulated a solar boom in
Texas, with over 100 GW of solar projects in the
pipeline. The CREZ project can be considered a
success as wind energy integration was achieved
by moving forward regulatory processes and
technical planning analyses in parallel.

India: The country launched the Development of
Solar Parks and Ultra-Mega Solar Power Projects
scheme in 2014 to assign and de-risk available
land (“solar parks”) for renewable energy de-
velopment.?! These areas were provided per-
mitting clearances and included transmission
infrastructure, water access, road connectivity,
and communication networks, facilitating rapid
development and installation of solar farms. 25
solar parks with a combined capacity of over 20
GW were identified as part of this scheme. As of
2022, India has approved 40 GW capacity and
commissioned 10 GW within solar parks, includ-
ing the world’s largest solar farm, the 2,245 MW
Bhadla facility in Rajasthan. Solar parks have
become preferred locations for developers, with
auction tenders within solar parks being more
heavily subscribed compared to those outside of
solar parks. Another project that was part of the
scheme, the 750 MW Rewa solar project in the
state of Madhya Pradesh, was the first projectin
India to reach a renewable energy tariff below
grid parity (a tariff lower than the cost of elec-
tricity produced across the grid) after a success-
ful bidding process.* Part of this lower tariff

was attributed to the public de-risking phase, as
developers had lower target returns on equity
and lower cost of capital, being able to decrease
their bids by approximately 5% due to the previ-
ous clearance process in terms of permitting and
grid connection.

Spain: The Ministry for Ecological Transition and
the Demographic Challenge created an online
zoning tool in early 2021 to identify the best

Blackridge Research, “All You Need to Know about Rewa Ultra Mega Solar Project.”
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33.
34.
35.
36.

areas in Spain for solar and wind energy proj-
ects.*®* The environmental zoning tool consists of
two layers of information (one for wind energy
and the other for solar photovoltaic energy) that
show the value of the environmental sensitivity
index existing at each point on the map (five dif-
ferent sensitivity grades), and the environmental
indicators associated with that point. The tool

is not exempt from the pertinent environmental
assessment procedure to which each facility
must be submitted, and it provides a guiding
methodological approach for knowing from the
environmental conditioning factors associated
with the locations of the projects in the early
stages.

EU: REPower EU Plan is a set of measures to rap-
idly end the EU’s dependence on Russian fossil
fuels, accelerate the clean transition, and join
forces for more resilient energy systems.* It also
promotes the revision of the Renewable Energy
Directive and introduces the designation of “the
renewable acceleration areas” (RAAs) and other
ways to shorten and simplify permitting, while
minimizing potential risks and negative impacts
on the environment.?> An RAA, as defined in the
REPower EU Plan, refers to a specific location,
whether on land or sea, which has been desig-
nated by a Member State as particularly suitable
for the installation of plants for the production
of energy from renewable sources other than
biomass combustion plants. The EU Parlament
amended the Draft Directive in September 2023
and the adoption by the EU Council is expected
by the end of 2023.

USA: SolarAPP+ is a software tool launched in
2019 through an award to the National Re-
newable Energy Laboratory (NREL).* Getting a
permit to install residential rooftop solar panels
and solar-plus-storage systems used to be a
logistical burden that could take several weeks.

The free SolarAPP+ app allows instantaneous
approval and can be used by cities, counties,
and other jurisdictions. Today, 27 communities
across the United States are using SolarAPP+
and more than 475 have expressed interest in
doing so. Since launching, SolarAPP+ has issued
over 10,000 permits, approved more than 60
MW of clean power, and eliminated 40,000 days
of delays. SolarAPP+ projects have shorter
timelines, too, with permits, installations, and
inspections occurring about 13 days sooner than
traditional projects (32 days versus 45).

Morocco: Masen (the Moroccan Agency for
Sustainable Energy) is the main public institu-
tion monitoring the development of renewable
energy in Morocco. Masen is also in charge of
the land allocation, performing RE potential
assessments across the country and identify-
ing the best locations for RE power plants. By
law, lands are acquired or transferred to Masen
who performs all the land qualification, social,
and environmental studies. The lands are then
leased to developers through a transparent ten-
der process. For Morocco, this solution avoids
speculation on lands and the destruction of
other public interests.

Ministerio para la Transicién Ecolégica y el Reto Demografico, “Zonificaciéon Ambiental Para Energias Renovables: Eélica y Fotovoltaica.”

European Commission, “REPowerEU Plan.”

European Commission, “DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL,” July 2022.

Energy.gov, “EERE Success Story — SolarAPP+ Rips Red Tape Off Approval Process for Rooftop Solar Panels.”

POWER

17



BIBLIOGRAPHY

“Agrivoltaics 101: Colorado Agrivoltaic Learning Center: United States.” Colorado Agrivoltaic Learning Center, 2023. https://coagrivoltaic.org/agrivolta-
ics-101.

“All You Need to Know about Rewa Ultra Mega Solar Project.” Blackridge Research, September 25, 2023. https://www.blackridgeresearch.com/
project-profiles/rewa-ultra-mega-solar-plant-rumsl-largest-single-site-solar-photovoltaic-pv-plant-in-madhya-pradesh-mp-india#:~:text=The%20
Rewa%20Ultra%20Mega%?20Solar,a%201500%2Dhectare%20solar%20park.

“Ambitious Research to Drive Australia’s Economy Forward.” BZE, 2023. https://www.bze.org.au/research.

Barrera, Fabian. “Central American Electrical Interconnection System (SIEPAC).” IRENA. https://www.unescap.org/sites/default/d8files/event-docu-
ments/2-3_IRENA_Barrera.pdf.

Baskin, Jonathan Salem. “Xcel Tames Variability of Wind Power.” Forbes, July 12, 2016. https://www.forbes.com/sites/jonathansalem-
baskin/2016/06/30/xcel-tames-variability-of-wind-power/?sh=32bb74ed3bdd.

Bossonot, Cedric, and C. Adam Schlosser. “Characterization of the Solar Power Resource in Europe and Assessing Benefits of Co-Location with Wind
Power Installations.” Cambridge, MA. MIT, October, 2014.

“CHARGING FORWARD: POLICY AND REGULATORY REFORMS TO UNLOCK THE POTENTIAL OF ENERGY STORAGE IN AUSTRALIA.” Clean Energy Council,
2017. https://assets.cleanenergycouncil.org.au/documents/resources/reports/charging-forward-energy-storage-paper.pdf.

“China’s Belt and Road Initiative in the Global Trade, Investment and Finance Landscape.” OECD, 2018. https://www.oecd.org/finance/Chinas-Belt-
and-Road-Initiative-in-the-global-trade-investment-and-finance-landscape.pdf.

Christiansen, Carl, and Tim Lam. “CO-LOCATION INVESTIGATION.” AECOM, March 15, 2015. https://www.aecom.com/au/wp-content/uploads/2016/03/
Wind-solar-Co-location-Study-Final.pdf.

Cisneros, Pablo. “Las Ganancias En Eficiencia Energética Del Sistema Eléctrico Uruguayo.” CAF, August 22, 2022. https://www.caf.com/es/conocimien-
to/visiones/2019/08/las-ganancias-en-eficiencia-energetica-del-sistema-electrico-uruguayo/.

“Combined Wind and Solar.” Electric Reliability Council of Texas, November 6, 2023. https://www.ercot.com/gridmktinfo/dashboards/combinedwin-
dandsolar.

“COMMISSION STAFF’S PETITION FOR DESIGNATION OF COMPETITIVE RENEWABLE-ENERGY ZONES.” Public Utility Commission of Texas, October 7th,
2008. Docket NO. 33672. http://www.ettexas.com/Content/documents/PUCTFinalOrderonCREZPlan100708.pdf.

“Dalrymple ESCRI-SA Battery Project.” ElectraNet. Accessed November 6, 2023. https://www.electranet.com.au/electranets-battery-storage-project/.

“DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL amending Directive (EU) 2018/2001 of the European Parliament and of the Council,
Regulation (EU) 2018/1999 of the European Parliament and of the Council and Directive 98/70/EC of the European Parliament and of the Council as
regards the promotion of energy from renewable sources, and repealing Council Directive (EU) 2015/652.” European Commission, Brussels, July 14,
2022. https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021PC0557.

“DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL: amending Directive (EU) 2018/2001 on the promotion of the use of energy from
renewable sources, Directive 2010/31/EU on the energy performance of buildings and Directive 2012/27/EU on energy efficiency.” European Commis-
sion, Brussels, May 18, 2022. https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52022PC0222.

Echevarria, Carlos, Nacy Jesurun-Clements, Jorge Enrique Mercado Diaz, and Carlos Trujillo. Central American Electricity Integration: Central American
Electrical Interconnection System. Inter-American Development Bank, 2017. https://publications.iadb.org/en/central-american-electricity-integra-
tion-central-american-electrical-interconnection-system.

“EERE Success Story — SolarAPP+ Rips Red Tape Off Approval Process for Rooftop Solar Panels.” Energy.gov, December 1, 2022. https://www.energy.
gov/eere/articles/eere-success-story-solarapp-rips-red-tape-approval-process-rooftop-solar-panels.

“ESO and the Alan Turing Institute Use Machine Learning to Help Balance the GB Electricity Grid.” ESO, July 25, 2019. https://www.nationalgrideso.
com/news/eso-and-alan-turing-institute-use-machine-learning-help-balance-gb-electricity-grid.

“Fossil Fuel Subsidies.” IMF, September 20, 2019. https://www.imf.org/en/Topics/climate-change/energy-subsidies.

Ini, Luis. “Large-Scale Solar LCOE Fell 3% to $0.049/Kwh in 2022, Says Irena.” pv magazine International, August 31, 2023. https://www.pv-magazine.
com/2023/08/31/large-scale-solar-lcoe-fell-3-t0-0-049-kwh-in-2022-says-irena/#:~:text=IRENA%20says%20in%20its%20new,in%202022%20t0%20
%240.049%2FkWh.

“Innovation landscape brief: Advanced forecasting of variable renewable power generation.”

Abu Dhabi. International Renewable Energy Agency, 2020. https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Jul/IRENA_Ad-
vanced_weather_ forecasting 2020.pdf?la=en&hash=8384431B56569C0D8786CIA4FDD56864443D10AF.

“Intra-Hour Wind Power Forecast by Geographical Region.” Electric Reliability Council of Texas. Accessed November 6, 2023. https://www.ercot.com/
mp/data-products/data-product-details?id=NP4-751-CD.

POWER 18


https://coagrivoltaic.org/agrivoltaics-101
https://coagrivoltaic.org/agrivoltaics-101
https://www.blackridgeresearch.com/project-profiles/rewa-ultra-mega-solar-plant-rumsl-largest-single-site-solar-photovoltaic-pv-plant-in-madhya-pradesh-mp-india#:~:text=The%20Rewa%20Ultra%20Mega%20Solar,a%201500%2Dhectare%20solar%20park
https://www.blackridgeresearch.com/project-profiles/rewa-ultra-mega-solar-plant-rumsl-largest-single-site-solar-photovoltaic-pv-plant-in-madhya-pradesh-mp-india#:~:text=The%20Rewa%20Ultra%20Mega%20Solar,a%201500%2Dhectare%20solar%20park
https://www.blackridgeresearch.com/project-profiles/rewa-ultra-mega-solar-plant-rumsl-largest-single-site-solar-photovoltaic-pv-plant-in-madhya-pradesh-mp-india#:~:text=The%20Rewa%20Ultra%20Mega%20Solar,a%201500%2Dhectare%20solar%20park
https://www.bze.org.au/research
https://www.unescap.org/sites/default/d8files/event-documents/2-3_IRENA_Barrera.pdf
https://www.unescap.org/sites/default/d8files/event-documents/2-3_IRENA_Barrera.pdf
https://www.forbes.com/sites/jonathansalembaskin/2016/06/30/xcel-tames-variability-of-wind-power/?sh=32bb74ed3bdd
https://www.forbes.com/sites/jonathansalembaskin/2016/06/30/xcel-tames-variability-of-wind-power/?sh=32bb74ed3bdd
https://assets.cleanenergycouncil.org.au/documents/resources/reports/charging-forward-energy-storage-paper.pdf
https://www.oecd.org/finance/Chinas-Belt-and-Road-Initiative-in-the-global-trade-investment-and-finance-landscape.pdf
https://www.oecd.org/finance/Chinas-Belt-and-Road-Initiative-in-the-global-trade-investment-and-finance-landscape.pdf
https://www.aecom.com/au/wp-content/uploads/2016/03/Wind-solar-Co-location-Study-Final.pdf
https://www.aecom.com/au/wp-content/uploads/2016/03/Wind-solar-Co-location-Study-Final.pdf
https://www.caf.com/es/conocimiento/visiones/2019/08/las-ganancias-en-eficiencia-energetica-del-sistema-electrico-uruguayo/
https://www.caf.com/es/conocimiento/visiones/2019/08/las-ganancias-en-eficiencia-energetica-del-sistema-electrico-uruguayo/
https://www.ercot.com/gridmktinfo/dashboards/combinedwindandsolar
https://www.ercot.com/gridmktinfo/dashboards/combinedwindandsolar
http://www.ettexas.com/Content/documents/PUCTFinalOrderonCREZPlan100708.pdf
https://www.electranet.com.au/electranets-battery-storage-project/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52021PC0557
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52022PC0222
https://publications.iadb.org/en/central-american-electricity-integration-central-american-electrical-interconnection-system
https://publications.iadb.org/en/central-american-electricity-integration-central-american-electrical-interconnection-system
https://www.energy.gov/eere/articles/eere-success-story-solarapp-rips-red-tape-approval-process-rooftop-solar-panels
https://www.energy.gov/eere/articles/eere-success-story-solarapp-rips-red-tape-approval-process-rooftop-solar-panels
https://www.nationalgrideso.com/news/eso-and-alan-turing-institute-use-machine-learning-help-balance-gb-electricity-grid
https://www.nationalgrideso.com/news/eso-and-alan-turing-institute-use-machine-learning-help-balance-gb-electricity-grid
https://www.imf.org/en/Topics/climate-change/energy-subsidies
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Jul/IRENA_Advanced_weather_forecasting_2020.pdf?la=en&hash=8384431B56569C0D8786C9A4FDD56864443D10AF
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Jul/IRENA_Advanced_weather_forecasting_2020.pdf?la=en&hash=8384431B56569C0D8786C9A4FDD56864443D10AF
https://www.ercot.com/mp/data-products/data-product-details?id=NP4-751-CD
https://www.ercot.com/mp/data-products/data-product-details?id=NP4-751-CD

Ladislaw, Sarah, and Stephen Naimoli. “Transforming the U.S. and EU Electric Power Sectors.” Center for Strategic and International Studies Energy
and National Security Program, August 2019. https://csis-website-prod.s3.amazonaws.com/s3fs-public/publication/190925 LadislawNaimoli_U.S.EU-
PowerSector_wEU.pdf.

Larkin, John Gerard. “ADB, DHD Deal to Provide First Large-Scale Floating Solar PV in Viet Nam.” Asian Development Bank, October 2, 2019. https://
www.adb.org/news/adb-dhd-deal-provide-first-large-scale-floating-solar-pv-viet-nam.

Lee, Nathan, Francisco Flores-Espino, and David Hurlbut. “Renewable Energy Zone (REZ) Transmission Planning Process: A guidebook for Practi-
tioners.” National Renewable Energy Laboratory, September, 2017. https://www.nrel.gov/docs/fy170sti/69043.pdf.

Lewis, Michelle. “The World’s Largest Single-Phase Battery Is Now up and Running.” Electrek, October 19, 2022. https://electrek.co/2022/10/19/the-
worlds-largest-single-phase-battery-is-now-up-and-running /#:~:text=Meet%20Crimson%20Storage%2C%20the%20world%27s,in%200peration%20
0f%20any%?20configuration.

“Lighthouse Project: Juwi Commissions World’s Largest Mine-Hybrid Power Plant in Egypt.” Renewable Energy Industry, November 17, 2022. https://
www.renewable-energy-industry.com/news/world/article-6201-lighthouse-project-juwi-commissions-worlds-largest-mine-hybrid-power-plant-in-
egypt.

Macknick, Jordan, Heidi Hartmann, Greg Barron-Gafford, Brenda Beatty, Robin Burton, Chong Seok Choi, Matthew Davis, Rob Davis, Jorge Figueroa,
Amy Garrett, Lexie Hain, Stephen Herbert, Jake Janski, Austin Kinzer, Alan Knapp, Michael Lehan, John Losey, Jake Marley, James MacDonald, James
McCall, Lucas Nebert, Sujith Ravi, Jason Schmidt, Brittany Staie, and Leroy Walston. “The 5 Cs of Agrivoltaic Success Factors in the United States: Les-
sons From the InSPIRE Research Study.” Golden, CO. National Renewable Energy Laboratory, 2022. NREL/TP-6A20-83566. https://www.nrel.gov/docs/
fy220sti/83566.pdf.

“Monitor de Generacion ERNC.” Proyecto Pronos, November 5, 2023. https://pronos.adme.com.uy/svg/.

“Moss Landmg Battery Storage Project, Callforma US.” NS Energy. Accessed November 6, 2023 https://www.nsenergybusiness. com/Dr0|ects/
f

“Net Zero by 2050.” IEA, 2021. https://www.iea.org/reports/net-zero-by-2050, License: CC BY 4.0.

“News Release: Untapped Potential Exists for Blending Hydropower, Floating PV.” NREL.gov, September 29, 2020. https://www.nrel.gov/news/
press/2020/untapped-potential-exists-for-blending-hydropower-floating-pv.html.

“North-East Asia Regional Power Interconnection and Cooperation Forum 2022.” ESCAP, December 14, 2022. https://www.unescap.org/events/2022/
north-east-asia-regional-power-interconnection-and-cooperation-forum-2022.

Pastukhova, Maria. “Regional Power Grid Connectivity for Sustainable Development in North-East Asia.” United Nations Economic and Social Commis-
sion for Asia and the Pacific, 2020, https://www.unescap.org/sites/default/d8files/knowledge-products/Regional%20Power%20Grid%20Connectivi-
ty%20for%20Sustainable%20Development%20in%20North-East%20Asia.pdf.

“Performance Standards on Environmental and Social Sustainability.” International Finance Corporation, January 1, 2012. https://www.ifc.org/con-
tent/dam/ifc/doc/2010/2012-ifc-performance-standards-en.pdf.

Pfeifenberger, Johannes. “Brattle New York Power Grid Study and Regional Challenges.” Northeast Clean Energy Council (NECEC) Northeast Grid
Infrastructure Planning Summit, New York, June 23, 2022. https://www.brattle.com/wp-content/uploads/2022/06/New-York-Power-Grid-Study-and-

Regional-Challenges.pdf.

“Renewable energy and electricity interconnections for a sustainable Northeast Asia, International Renewable Energy Agency.” Abu Dhabi. IRENA and
KEEI (2021). https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/May/IRENA_Electricity Interconnections_NortheastAsia_2021.pdf.

“REPowerEU Plan” European Commission, Brussels, May 18, 2022. https://energy.ec.europa.eu/system/files/2022-05/COM_2022 230 1 EN_ACT
partl_v5.pdf.

“Schemes.” Ministry of New and Renewable Energy | India. Accessed November 7, 2023. https://mnre.gov.in/policies-and-regulations/schemes-and-

guidelines/schemes/.

“Solution Toolkit: Actions for national/ regional governments and policymakers.” Energy Transitions Commission, January 2023. https://www.ener-
gy-transitions.org/wp-content/uploads/2023/01/Barriers_PP_GovernmentST_vFinal.pdf.

Tallat-Kelpsaité, J., Briickmann, R., Banasiak, J. et al. “Technical support for RES policy development and implementation: simplification of permission
and administrative procedures for RES installations (RES simplify): interim report.” European Commission, Directorate-General for Energy, Publications

Office of the European Union, 2022. https://data.europa.eu/doi/10.2833/239077

“Task 51 Recommended Practices.” IEA Wind TCP, November 11, 2022. https://iea-wind.org/task51/task51-publications/task51-recommended-practic-
es/.

“The Danish Energy Agency as a one-stop-shop authority.” Danish Energy Agency, October 2020. https://ens.dk/sites/ens.dk/files/Globalcooperation/
one-stop_shop_oct2020.pdf.

“Top 10 Energy Storage Trends in 2023.” BloombergNEF, January 11, 2023. https://about.bnef.com/blog/top-10-energy-storage-trends-in-2023/.

“World Bank Environmental and Social Framework.” World Bank, Washington, DC. 2016 License: Creative Commons Attribution CC BY 3.0 IGO.

POWER 19


https://csis-website-prod.s3.amazonaws.com/s3fs-public/publication/190925_LadislawNaimoli_U.S.EUPowerSector_wEU.pdf
https://csis-website-prod.s3.amazonaws.com/s3fs-public/publication/190925_LadislawNaimoli_U.S.EUPowerSector_wEU.pdf
https://www.adb.org/news/adb-dhd-deal-provide-first-large-scale-floating-solar-pv-viet-nam
https://www.adb.org/news/adb-dhd-deal-provide-first-large-scale-floating-solar-pv-viet-nam
https://www.nrel.gov/docs/fy17osti/69043.pdf
https://www.nrel.gov/docs/fy17osti/69043.pdf
https://electrek.co/2022/10/19/the-worlds-largest-single-phase-battery-is-now-up-and-running/#:~:text=Meet%20Crimson%20Storage%2C%20the%20world%27s,in%20operation%20of%20any%20configuration
https://electrek.co/2022/10/19/the-worlds-largest-single-phase-battery-is-now-up-and-running/#:~:text=Meet%20Crimson%20Storage%2C%20the%20world%27s,in%20operation%20of%20any%20configuration
https://electrek.co/2022/10/19/the-worlds-largest-single-phase-battery-is-now-up-and-running/#:~:text=Meet%20Crimson%20Storage%2C%20the%20world%27s,in%20operation%20of%20any%20configuration
https://www.renewable-energy-industry.com/news/world/article-6201-lighthouse-project-juwi-commissions-worlds-largest-mine-hybrid-power-plant-in-egypt
https://www.renewable-energy-industry.com/news/world/article-6201-lighthouse-project-juwi-commissions-worlds-largest-mine-hybrid-power-plant-in-egypt
https://www.renewable-energy-industry.com/news/world/article-6201-lighthouse-project-juwi-commissions-worlds-largest-mine-hybrid-power-plant-in-egypt
https://www.nrel.gov/docs/fy22osti/83566.pdf
https://www.nrel.gov/docs/fy22osti/83566.pdf
https://pronos.adme.com.uy/svg/
https://www.nsenergybusiness.com/projects/moss-landing/#:~:text=The%20Moss%20Landing%20battery%20storage,world%27s%20biggest%20battery%20storage%20facility
https://www.nsenergybusiness.com/projects/moss-landing/#:~:text=The%20Moss%20Landing%20battery%20storage,world%27s%20biggest%20battery%20storage%20facility
https://www.iea.org/reports/net-zero-by-2050
https://www.nrel.gov/news/press/2020/untapped-potential-exists-for-blending-hydropower-floating-pv.html
https://www.nrel.gov/news/press/2020/untapped-potential-exists-for-blending-hydropower-floating-pv.html
https://www.unescap.org/events/2022/north-east-asia-regional-power-interconnection-and-cooperation-forum-2022
https://www.unescap.org/events/2022/north-east-asia-regional-power-interconnection-and-cooperation-forum-2022
https://www.unescap.org/sites/default/d8files/knowledge-products/Regional%20Power%20Grid%20Connectivity%20for%20Sustainable%20Development%20in%20North-East%20Asia.pdf
https://www.unescap.org/sites/default/d8files/knowledge-products/Regional%20Power%20Grid%20Connectivity%20for%20Sustainable%20Development%20in%20North-East%20Asia.pdf
https://www.ifc.org/content/dam/ifc/doc/2010/2012-ifc-performance-standards-en.pdf
https://www.ifc.org/content/dam/ifc/doc/2010/2012-ifc-performance-standards-en.pdf
https://www.brattle.com/wp-content/uploads/2022/06/New-York-Power-Grid-Study-and-Regional-Challenges.pdf
https://www.brattle.com/wp-content/uploads/2022/06/New-York-Power-Grid-Study-and-Regional-Challenges.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/May/IRENA_Electricity_Interconnections_NortheastAsia_2021.pdf
https://energy.ec.europa.eu/system/files/2022-05/COM_2022_230_1_EN_ACT_part1_v5.pdf
https://energy.ec.europa.eu/system/files/2022-05/COM_2022_230_1_EN_ACT_part1_v5.pdf
https://mnre.gov.in/policies-and-regulations/schemes-and-guidelines/schemes/
https://mnre.gov.in/policies-and-regulations/schemes-and-guidelines/schemes/
https://www.energy-transitions.org/wp-content/uploads/2023/01/Barriers_PP_GovernmentST_vFinal.pdf
https://www.energy-transitions.org/wp-content/uploads/2023/01/Barriers_PP_GovernmentST_vFinal.pdf
https://data.europa.eu/doi/10.2833/239077
https://iea-wind.org/task51/task51-publications/task51-recommended-practices/
https://iea-wind.org/task51/task51-publications/task51-recommended-practices/
https://ens.dk/sites/ens.dk/files/Globalcooperation/one-stop_shop_oct2020.pdf
https://ens.dk/sites/ens.dk/files/Globalcooperation/one-stop_shop_oct2020.pdf
https://about.bnef.com/blog/top-10-energy-storage-trends-in-2023/

“Zhangbei National Wind and Solar Energy Storage and Transmission Demonstration Project | - Bess, China.” Power Technology, August 31, 2021.
https://www.power-technology.com/marketdata/zhangbei-national-wind-and-solar-energy-storage-and-transmission-demonstration-proj-

ect-i-bess-china/.

Zieher, Malte, Matthias Lange, and Ulrich Focken. “Variable Renewable Energy Forecasting - Integration into Electricity Grids and Markets - A Best
Practice Guide.” GIZ, March 6th, 2015. https://energypedia.info/images/2/2a/Discussion_Series_06_Technology web.pdf.

“Zonificaciéon Ambiental Para Energias Renovables: Eélica y Fotovoltaica.” Ministerio para la Transicion Ecolégica y el Reto Demografico. Accessed No-
vember 7, 2023. https://www.miteco.gob.es/es/calidad-y-evaluacion-ambiental/temas/evaluacion-ambiental/zonificacion_ambiental_energias_ren-

ovables.html.

CEET SUBJECT MATTER EXPERT

Juan Paredes, Wei-Jen Lee, Emi Gui, Luisa Barros,
Ali Zerouali, and Cristiana La Marca

CEET materials are developed in consultation with the entire Council
but are not representative of each individual members’ views.
Additionally, it should be acknowledged that these materials are

for discussion purposes only given the rapidly changing landscape

of the energy transition and the various contexts in which they are
relevant. CEET members are participating in their individual capacity
and expertise without remuneration. Their professional affiliations

are for identification purposes only and their views and perspectives,
including any statements, publications, social media posts, etc., are not
representative of the United Nations, SDSN, or UNIDO.

CONTACT

Council of Engineers for the Energy Transition (CEET)

475 Riverside Drive | Suite 530
New York NY 10115 USA

+1 (212) 870-3920
ceet@unsdsn.org

Vienna International Centre
Wagramer Str. 5

P.0. Box 300

A-1400 Vienna, Austria

MORE INFORMATION AT
https://www.unsdsn.org/ceet


https://www.power-technology.com/marketdata/zhangbei-national-wind-and-solar-energy-storage-and-transmission-demonstration-project-i-bess-china/
https://www.power-technology.com/marketdata/zhangbei-national-wind-and-solar-energy-storage-and-transmission-demonstration-project-i-bess-china/
https://energypedia.info/images/2/2a/Discussion_Series_06_Technology_web.pdf
https://www.miteco.gob.es/es/calidad-y-evaluacion-ambiental/temas/evaluacion-ambiental/zonificacion_ambiental_energias_renovables.html
https://www.miteco.gob.es/es/calidad-y-evaluacion-ambiental/temas/evaluacion-ambiental/zonificacion_ambiental_energias_renovables.html

	_heading=h.gjdgxs
	_heading=h.xg4rjh2ordef
	_heading=h.6lztisik5z6
	_heading=h.p3dh2xs75tf3
	_heading=h.8vl9c37e3w01
	_heading=h.y3ap1q97wcz9
	_heading=h.jgjq5258yqlq
	_heading=h.1fob9te
	_heading=h.y647xm76bvqp
	_heading=h.udwi8c1f2tdq
	_heading=h.mgsp5v53d0jc
	_heading=h.tj6i3028gfgy
	_heading=h.he61k75jdsz2
	_heading=h.3znysh7
	_heading=h.cdxkl6tmfxps
	_heading=h.iq6gzpavy9k
	_heading=h.ww4e8z6x191r
	_heading=h.z8w10p92ke4b
	_heading=h.2et92p0
	_heading=h.g040687th351
	_heading=h.8uavlypco0lp
	_heading=h.ei7sp3oy0jo6

