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INTRODUCTION 
This deliverable reports a detailed exploration of the electricity and energy storage 
market, specifically focusing on the Hybrid Energy Storage Systems (HESS) segment, 
which is central to the project's objectives. The report is structured into two key parts that 
aim to provide a comprehensive market analysis and a thorough assessment of the 
business potential of the demonstrated HESS solutions. 

1. Market Characterization 

The first section of the report focuses on a comprehensive characterization of the energy 
storage market, particularly in the context of the EU and African electricity markets. Given 
the rapid evolution of energy systems worldwide, this part of the report delves into market 
segmentation, regulatory frameworks, and emerging opportunities for business 
development. The characterization considered: 

• Market Sizing and Growth Potential. Detailed insights into the size and expected 
growth of the energy storage market. This analysis explored the overall market 
potential for the project's outcomes, in both the EU and African contexts. 

• Regulatory Landscape. Recent and upcoming revisions to EU energy 
market regulations have been critically assessed to understand their 
impact on the business development of HESS systems. Special attention 
will be paid to regulations affecting energy storage integration, grid 
services, and market participation incentives, particularly in EU countries 
like Germany, Portugal, and Italy. 

By considering both the European Union and African energy markets, this section also 
addressed the diverse regulatory structures and market opportunities in different 
regions. These insights will provide a foundation for understanding the broader market 
context in which the project will operate. 

2. Use and Business Cases for HESS Solutions 

The second part of the report builds on the market characterization to assess the 
potential business and commercial viability of three demonstrated HESS solutions 
developed within the project. 

The report explored various Use Cases and Business Cases for these HESS technologies, 
aiming to identify their commercial viability. The analysis of Use Cases and Business 
Cases have been conducted based on partners’ inputs and information.  

Overall, the findings of the report will provide a strategic roadmap for business 
development and commercialization of the demonstrated HESS solutions. By examining 
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the current market landscape, regulatory context, and potential use cases, the report 
aims to identify pathways for the successful adoption of hybrid energy storage 
technologies in both the EU and African energy markets, with a focus on sustainable 
growth and long-term market integration. 
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1. MARKET INSIGHTS 
The electricity markets in Europe and Africa are undergoing significant transformations 
driven by technological advancements, policy changes, and evolving consumer 
demands. This section of the deliverable aims to provide a comprehensive overview of 
the current state and future prospects of these markets. 

In the following paragraphs, various aspects of the electricity markets in Europe and 
Africa will be described and analysed, starting from the market structure, and highlighting 
the key components and how they interact. Furthermore, it will be explored the market 
size, providing insights into the current scale and economic impact of the electricity 
sector in these regions. It will also consider the potential growth of the markets, 
identifying key drivers and barriers to expansion. This includes an analysis of potential 
users and customers. 

This structured approach will help in understanding the complexities and opportunities 
within the electricity markets of Europe and Africa, providing valuable insights for 
stakeholders and investors. 

1.1 EUROPEAN MARKET 
Electricity networks are currently grappling with the most significant challenges in the 
energy sector's transformation, as electricity serves as the primary carrier for 
environmentally clean energy generated from renewable energy sources (RES).  

The EU's clean energy transition goals, outlined in the ‘Fit for 55’ package 1, require a 
minimum 55% reduction in greenhouse gas emissions (from 1990 levels) by 2030. To 
meet these targets, distribution grids must operate within a framework where 50% of 
electricity production comes from renewables (both distributed and grid-scale) by 2030. 
On the demand side, electrifying energy consumption could drastically reduce 
emissions, potentially by 95% from 1990 levels, if electricity accounts for 60% of total 
energy consumption2. 

Additionally, the recent conflict in Ukraine has underscored the need to limit Russian 
natural gas imports, accelerate the clean energy transition, and achieve Europe's energy 
independence. The war's impact on energy markets in 2022 was profound, with 
unexpected spikes in electricity and natural gas prices and significant disruptions to the 
European supply chain. In response, European countries, as per the Versailles 

 
1  European Commission (2024), 2030 climate targets. Available at: https://ec.europa.eu/clima/eu-
action/climate-strategies-targets/2030-climate-energy-framework_en    
2  Keramidas, Kimon (2020), Global Energy and Climate Outlook 2019: Electrification for the low -carbon 
transition,  
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declaration, committed to reducing their energy dependence on Russia, bolstering EU 
contingency planning for supply security, and accelerating the development of RES. The 
EU also launched the REPowerEU3 initiative, a coordinated European effort to secure 
more affordable, secure, and sustainable energy by reducing demand for Russian gas by 
two-thirds by the end of 2022. 

Achieving the EU's goals requires fundamental changes in both energy generation and 
demand, posing significant challenges for system operators who must manage the 
variable power flows of a low-carbon future on a grid not designed for such flexibility. Poor 
management of these flows could jeopardize the system's ability to meet EU objectives 
while also maintaining network affordability and reliability. Transmission and Distribution 
System Operators (TSOs and DSOs) are discovering numerous opportunities for demand 
flexibility as they adopt more advanced smart grid technologies. 

A key element in the energy transition is the use of energy storage systems (ESS), which 
can store energy from an external source and discharge it later. In recent years, the 
emergence of new electric energy storage (EES) technologies, such as grid-scale battery 
energy storage systems (BESS), has opened up new possibilities for balancing energy 
supply and demand. BESS, in particular, offers the advantage of being easily deployed 
and installed without the geographical limitations of traditional storage methods like 
Pumped-Hydroelectric Energy Storage (PHES) or Compressed Air Energy Storage (CAES). 
This flexibility allows BESS to support the integration of RES by providing various services. 

Battery energy storage can be utilized across different stages of the electricity supply 
chain, including production, transportation, consumption, and reserve. Research and 
development efforts are focused on expanding the adoption of known battery and 
electrochemical storage technologies and developing new ones. Each storage 
technology has specific technical and economic characteristics that make it suitable for 
particular applications, such as power and energy rating, response time, energy and 
power density, operating temperature, self-discharge rate, round-trip efficiency, 
lifespan, and cost. 

The technical attributes of Lithium-Ion Batteries (LIBs) and their rapidly declining market 
price, driven by the automotive sector and significant investments in Gigafactories, have 
created substantial business opportunities and a clear path for global adoption in various 
stationary applications. However, LIBs also have drawbacks, including their unsuitability 
for long-duration energy storage due to the inherent coupling of power and energy, as well 
as concerns about safety, lifecycle, sustainability, and supply chain resilience. LIBs' 

 
3  European Commission (2022), REPowerEU: Joint European action for more affordable, secure and 
sustainable energy. Available at: https://ec.europa.eu/commission/presscorner/detail/en/ip_22_1511 
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degradation and actual lifespan can also be problematic, particularly in multi-service 
applications that can accelerate capacity loss and degradation4. 

As a result, other battery technologies are emerging in the stationary sector, valued for 
their safety, sustainability, and long-life cycles. Vanadium Redox Flow Batteries (VRFBs) 
are a mature technology particularly suited for medium to long-duration storage and 
medium to large-scale applications (from industrial to utility scale). In Redox Flow 
Batteries, energy and power are decoupled, allowing for scalability even for extended 
storage durations (from 8 hours up to several days). VRFBs have demonstrated long 
lifecycles and durability with a significantly lower environmental impact compared to 
LIBs5. The recyclability and ease of reuse of the vanadium-based electrolyte is another 
significant advantage6.  

Other mature battery technologies based on abundant and low-cost materials include 
high-temperature batteries like Sodium-Sulphur (Na-S) and Sodium-Nickel Chloride 
(ZEBRA) batteries. Sodium-Nickel-Chloride batteries have gained prominence as 
sustainable energy storage systems based on abundant and non-critical raw materials 
(Na, Ni, Al). ZEBRA batteries offer key advantages over Na-S, including lower operating 
temperatures, safer cell failure modes, higher voltage, and safe assembly in a discharged 
state without using metallic sodium in the anode. As of 2022, the leading producer of 
commercial sodium-nickel-chloride batteries is the Swiss company FzSoNick. Their 
batteries are primarily used as backup power sources for telecommunication antennas 
but hold great potential for the large-scale grid storage necessary for implementing 
renewable energy production7.  

While BESS deployments have surged in recent years, other electrochemical storage 
technologies, such as supercapacitors, have found niche applications due to their 
unique features, including safety, long lifecycle, and high-power density 8 . More 

 
4 Ohrelius, M., Berg, M., Wreland Lindström, R., & Lindbergh, G. (2023), Lifetime Limitations in Multi-Service 
Battery. 
5 Weber, S., Peters, J. F., Baumann, M., & Weil, M. (2018), Life cycle assessment of a vanadium redox flow 
battery.  
6  CRM Alliance (2024), Recycling Critical Raw Materials. Available at: 
https://www.crmalliance.eu/recycling-crms 
7  Armand M., Ortiz-Vitoriano N., Olarte J., Salazar A., Ferret R. (2023), Salt Batteries: Opportunities and 
applications of storage systems based on sodium-nickel chloride batteries. Available at: 
https://www.europarl.europa.eu/RegData/etudes/IDAN/2023/740064/IPOL_IDA(2023)740064_EN.pdf 
8  Şahin M. E., Blaabjerg F., & Sangwongwanich A. (2022), A comprehensive review on supercapacitor 
applications and developments. 
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sustainable and safer aqueous supercapacitors are also being developed9, with efforts 
underway to scale this technology for stationary applications. 

In many scenarios, such as microgrids, a single ESS might not meet all system 
requirements, necessitating the use of multiple distinct ESSs, known as Hybrid Energy 
Storage Systems (HESSs), which capitalize on the complementary characteristics of 
each component. HESSs have attracted significant interest over the past decade, with 
extensive research conducted on their major aspects10. 

The following outlines the benefits and advantages of Hybrid Energy Storage Systems 
(HESS) over standalone Energy Storage Systems (ESS): 

• Faster Response Time: HESS can provide rapid energy injection or 
absorption, which is crucial for grid stability and frequency regulation. This 
fast response helps in maintaining a stable power supply even during 
fluctuations in renewable energy output or demand. 

• Lower Operational Cost: by leveraging the strengths of different storage 
technologies, HESS optimizes the balance between capital expenditure 
(CAPEX) and operational expenditure (OPEX). This results in lower overall 
operational costs compared to standalone ESS. 

• Higher Capacity and Applicability: HESS combines various storage technologies 
like batteries, supercapacitors, and flywheels, addressing specific energy needs 
and usage patterns. This makes HESS suitable for a wide range of applications, 
from small off-grid systems to large utility-scale projects. 

• Greater Reliability and Stability: HESS enhances grid stability by providing 
spinning reserve, frequency regulation, and grid-forming capabilities. This 
reduces the need to dispatch additional thermal units and helps avoid 
curtailment of intermittent renewable generation. 

• Energy Arbitrage Opportunities: HESS can store excess energy during periods of 
high generation and release it during peak demand times. This helps balance 
supply and demand, improves grid stability, and reduces reliance on fossil fuels. 

• Better Scalability: HESS is scalable and can be adapted to various scales of 
application, making it suitable for different market segments and geographical 
locations. 

 
9 Zhao C. & Zheng, W. (2015), A review for aqueous electrochemical supercapacitors; Li Y., Zhang J. W., Chen 
Z. & Chen M. H. (2022), Nickel-based materials: Toward practical application of the aqueous hybrid 
supercapacitors. 
10  Babu T.S., Vasudevan K.R., Ramachandaramurthy V.K., Sani S.B., Chemud S., Lajim R.M., A 
Comprehensive Review of Hybrid Energy Storage Systems: Converter Topologies, Control Strategies and 
Future Prospects. 
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• Environmental Benefits: by supporting higher levels of renewable energy 
integration, HESS contributes to reduced emissions, lower fuel costs, and a more 
sustainable energy system. This is particularly beneficial for isolated or islanded 
grids3. 

The above advantages make HESS a versatile and efficient solution for modern energy 
storage needs. 

More specifically, a HESS consists of at least two electrically connected storage 
components, requiring consideration of both the storage characteristics of each 
component and the overall application to develop advanced control strategies. 
Combining storage and application aspects leads to optimized dimensioning and 
management of the HESS itself. While the combination of LIBs and commercial non-
aqueous supercapacitors has already been demonstrated at the MW scale, integrating 
safer and more sustainable energy storage systems into a HESS at an industrial scale 
remains to be seen. The SMHYLES project aims to address this by developing and 
demonstrating safe, sustainable, and modular HESS for long-duration storage and grid 
services, paving the way for large-scale demonstration and commercialization of these 
systems. 

In the following paragraphs, a more detailed overview of the European electricity and 
energy storage market have been provided. 

1.1.1 Electricity Market 
The European electricity market has evolved significantly over the past few decades. 
Initially dominated by state-owned monopolies, the market has transitioned to a more 
liberalized and competitive structure. Simultaneously, the ongoing global energy crisis 
has made electricity security and affordability a top priority on the European political 
agenda in numerous countries.  

This is underlined by the International Energy Agency’s Electricity Report 202411, which 
provides an in-depth analysis of recent policies, trends, and market developments both 
at a global and European level. 

Globally, while China, India, and several Southeast Asian countries experienced strong 
growth in electricity demand in 2023, advanced economies saw significant declines due 
to a weak macroeconomic environment and high inflation, which led to reduced 
manufacturing and industrial output. Global electricity demand is expected to accelerate 
over the next three years, with an average annual growth rate of 3.4% through 2026. This 
increase will be driven by an improving economic outlook, boosting electricity demand in 

 
11  IEA (2024), Electricity Report. Available at: https://iea.blob.core.windows.net/assets/18f3ed24-4b26-
4c83-a3d2-8a1be51c8cc8/Electricity2024-Analysisandforecastto2026.pdf 
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both advanced and emerging economies. The share of electricity in final energy 
consumption is estimated to have reached 20% in 2023, up from 18% in 2015.  

 

Figure 1-1: Regional breakdown of electricity demand, 2021-2026. 

Source: IEA, Electricity Report (2024) 

At a European level, electricity demand declined by 2.4% year-on-year in 2023, following 
a 3.6% decrease in 2022. Most EU countries experienced reduced electricity 
consumption due to a slow macroeconomic environment and weak manufacturing and 
industrial activity. However, demand trends varied across the region. In Southern Europe, 
countries like Portugal, Croatia, Cyprus, and Malta saw increases in electricity 
consumption. In Portugal and Cyprus, hotter summer temperatures in 2023 compared to 
2022 supported this growth, while in Malta, the rise in demand was driven by factors 
unrelated to weather, despite a cooler summer. Northern countries such as Ireland, 
Denmark, and Norway also experienced significant growth in electricity demand, due to 
the rapid expansion of the data centre sector. While a milder winter in Ireland and much 
of Europe reduced heating needs, the Nordic region faced a colder winter, leading to 
increased demand for space heating. 
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Figure 1-2: Year-on-year percent change in electricity demand in Europe, 2023 vs 2022. 

Source: IEA, Electricity Report (2024) 

According to IEA, the electricity demand in Europe will grow by an average of 2.4% 
annually over the 2024-2026 forecast period, driven by a gradual recovery in industrial 
activity, further electrification of the heating and transport sectors, and the expansion of 
the data centre sector. The weaker growth in electricity demand observed in 2023 
contributed to a significant decline in fossil-fueled power generation, with gas and coal 
generation falling by 16% and 19%, respectively. Meanwhile, renewable energy 
generation increased by 9%, with hydropower production in the European Union rising by 
16% from the drought-affected levels of 2022.  

 

Figure 1-3: Year-on-year percent change in electricity demand in Europe, 2019-2026 

Source: IEA, Electricity Report (2024) 

After two consecutive years of declining electricity demand in the EU (-3.1% in 2022 and 
-3.2% in 2023), a rebound of 1.8% is anticipated in 2024, followed by an average growth 
of 2.5% annually during the 2024-2026 period. However, demand is not expected to 
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return to 2021 levels until at least 2026. A gradual recovery in the industrial sector is 
projected to account for 40% of the increase in demand, while the expansion of electric 
vehicles, heat pumps, and data centres will contribute 50%. Throughout the forecast 
period, renewable energy generation is expected to grow at an average rate of around 9%, 
meeting all additional electricity demand and reducing reliance on fossil-fuelled 
generation. Coal-fired power dropped by approximately 26% in 2023 and is expected to 
decline by an average of 13% annually from 2024 to 2026. Gas-fired generation decreased 
by 17% in 2023 and is projected to fall by another 7% annually through 2026. Nuclear 
output increased by 1.4% last year and is forecast to grow by 2.2% annually until 2026. 
The share of renewables in electricity generation is expected to increase from 45% in 
2023 to 50% in 2024 and to about 55% by 2026. The proportion of low-emission energy 
sources – renewables and nuclear – is forecasted to rise from 67% in 2023 to 77% by 
2026. 

 

Figure 1-4: Year-on-year change in electricity generation in the European Union, 2019-2026 

Source: IEA, Electricity Report (2024) 
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Figure 1-5: Breakdown of global electricity supply and emissions, 2021-2026. 

Source: IEA, Electricity Report (2024) 

Below two specific cases of European countries have been reported in order to present 
its electricity market specifications. 

Above a brief overview of some interesting electricity market segments has been 
provided: 

• Ancillary Service Market: this market ensures the reliability and stability of the 
electricity grid by providing services such as frequency regulation, voltage control, 
and spinning reserves. 

• Capacity Market: this market ensures that there is enough generation 
capacity to meet peak demand. It provides payments to electricity 
providers for maintaining available capacity. 

• Balancing Market: this market manages the real-time balance between 
electricity supply and demand. It involves adjustments to generation and 
consumption to maintain grid stability. 

• Demand Response Market: this market incentivizes consumers to reduce 
or shift their electricity usage during peak periods, helping to balance 
supply and demand and reduce the need for additional generation 
capacity. 

• Retail Electricity Market: this market involves the sale of electricity to end 
consumers. It includes various pricing models and competitive offerings from 
different electricity suppliers. 
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Hybrid Energy Storage Systems (HESS) can play a significant role also in Renewable 
Energy Certificate (REC) markets by providing the flexibility needed to integrate 
renewable energy sources. These markets allow for the trading of certificates that 
represent the environmental benefits of renewable energy generation. 

Germany 

After a significant drop in 2023 due to weak industrial activity, electricity demand in 
Germany is expected to gradually recover through 2026. In 2023, electricity demand in 
Germany fell by 4.8%, even as wholesale energy prices eased from previous record highs. 
The reduction in demand was particularly pronounced in energy-intensive industries, 
which saw a 13% decline in production during the first half of the year. We expect a 
gradual, albeit slow, recovery in industrial electricity demand in 2024, supported by lower 
energy prices. Growth in electricity demand is anticipated to pick up with increasing sales 
of electric vehicles and heat pumps, leading to a 2.2% rise in 2024, followed by an average 
annual growth of 2.6% until 2026. Simultaneously, fossil fuel-based generation is 
forecasted to continue declining, with coal and gas usage expected to decrease by 20% 
and 8% per year, respectively. Renewable energy generation is projected to exceed 60% 
of total generation in 2024, with an average annual growth rate of 11.5% over the 2024-
2026 period. 

Favourable weather conditions and the rapid expansion of solar PV drove an increase in 
renewable energy generation in 2023, with solar PV contributing to more than half of this 
growth. For the first time, renewable energy accounted for over 50% of total power 
generation. Germany became a net importer of electricity in 2023, with approximately 12 
TWh of net imports. In the renewable sector, solar PV met its expansion targets for 2023 
by October and is expected to continue growing rapidly, reaching 23% of total generation 
by 2026. In contrast, wind energy deployment fell short of installation targets in 2023 due 
to permitting challenges that slowed progress. However, based on the current project 
pipeline, wind generation is projected to grow by about 12% during the forecast period, 
increasing its share to 35% of total generation by 2026. 
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Figure 1-6: Year-on-year change in electricity generation in Germany 2021-2026 

Source: IEA, Electricity Report (2024) 

To tackle grid congestion between Germany's renewable energy-rich north and the 
demand centres in the west and south, the TSOs are currently evaluating four specific 
configurations for German bidding zones, selected from a total of twelve potential 
options, following ACER's decision. 

Italy 

Gas-fired power will continue to play a significant role in Italy's energy mix, but its share 
in total generation is expected to decrease as renewable energy expands. Italy's 
electricity demand fell by 2.9% in 2023, following a 0.8% drop in 2022. Despite lower 
wholesale energy prices, demand continued to decline due to an economic slowdown 
and successful energy-saving measures. The super bonus scheme in the building sector 
contributed to reduced electricity consumption, with over 400,000 Italian households 
applying for energy efficiency tax deductions under the program by October 2023. About 
78% of these applications were submitted in 2022 and 2023. The economic slowdown is 
partly attributed to weak domestic demand and reduced industrial activity, especially in 
sectors with higher production costs. Assuming a recovery in the manufacturing sector 
in 2024, electricity demand is projected to grow by an average of 1.8% annually over the 
2024-2026 period. 

Renewable energy generation increased by 16% in 2023, with hydropower experiencing a 
significant recovery due to higher reservoir levels, reversing a 38% decline in 2022 to a 
35% increase in 2023. Variable renewable generation also grew, with wind power rising 
by 13% and solar PV generation by around 7%. This growth was driven by incentives for 
residential photovoltaic installations, which accounted for 47% of the PV capacity added 
in the first half of 2023. In 2024, the share of renewables in total generation is expected 
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to exceed 50%, with continued growth anticipated under the new National Integrated 
Plan for Energy and Climate proposed in 2023. Coal's share of the generation mix dropped 
to 7% in 2023, a 3-percentage point decrease from the previous year, as coal-fired power 
generation was minimized due to the country's rollback of emergency measures 
implemented in 2022 amid gas shortage concerns. This decline also resulted from lower 
demand and increased renewable generation and imports. 

Despite a 20% year-on-year decline in 2023, natural gas remains a major fuel source for 
power generation in Italy, holding an estimated 43% share of total generation. However, 
renewables surpassed gas in 2023, reaching a 45% share. Looking ahead to 2026, gas-
fired generation in Italy is expected to decrease by an average of 1.6% per year, reducing 
its share to 39% by 2026. The Italy-Austria interconnector, which began construction in 
November 2020, was commissioned in December 2023, doubling the import capacity 
between the two countries to 300 MW. 

 

Figure 1-7: Year-on-year change in electricity generation in Italy 2021-2026 

Source: IEA, Electricity Report (2024) 

1.1.2 Energy Storage Market 
The Europe Energy Storage Market is witnessing substantial growth, driven by rising 
demand across the residential, commercial, and industrial sectors. The residential 
segment is showing strong momentum due to the growing need for reliable power supply 
and effective energy storage solutions to manage frequent outages and incorporate 
renewable energy sources. Advances in battery technology, notably lithium-ion batteries, 
are playing a crucial role in propelling the market forward by improving the efficiency and 
integration of energy storage systems. 

Additionally, government policies that encourage renewable energy adoption are further 
boosting the uptake of advanced energy storage solutions. Together, these factors are 
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fuelling the rapid expansion of the Europe battery storage system market, establishing it 
as a frontrunner in energy innovation and sustainability12. 

The Europe energy storage market is projected to expand at a compound annual growth 
rate (CAGR) of 18% throughout the forecast period, as illustrated in the figure below. 

 

Figure 1-8: Europe Energy Storage Market 

Source: Mordor Intelligence 

Overall, although the market was negatively affected by COVID-19 in 2020, it has now 
returned to pre-pandemic levels, and the following aspects can be highlighted: 

• Over the long term, factors such as the growing demand for uninterrupted power 
supply and the declining cost of lithium-ion batteries are anticipated to drive 
market growth. 

• A significant challenge to the market's growth is the imbalance between the 
supply and demand of raw materials. 

• Advancements in technologies like compressed air energy storage (CAES), which 
offer higher efficiency than current methods, are expected to present significant 
opportunities for the Europe energy storage market. 

• Germany is likely to lead the market throughout the forecast period, driven by 
rising energy demand across residential, industrial, and commercial sectors, 
along with favourable government policies. 

Battery energy storage is recognized as a crucial technology in the shift toward a 
sustainable energy system. Specifically, battery energy storage systems help regulate 
voltage and frequency, lower peak demand charges, integrate renewable energy sources, 

 
12  Mordor Intelligence (2023), Europe Energy Storage Market Size & Share Analysis - Growth Trends & 
Forecasts (2024 - 2029). 
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and provide backup power. Batteries play a vital role in these systems, accounting for 
approximately 60% of the total system cost. Additionally, when paired with renewables 
like wind and solar, batteries are both technically and commercially viable for 
significantly enhancing grid stability. 

In this context, Europe is currently undergoing an energy transformation, which is 
expected to accelerate in the coming years, with a growing emphasis on renewable 
energy driven by climate mitigation policies. In renewable energy generation, battery 
energy storage acts as a medium for storing excess generation, which can be utilized 
when needed. These storage systems also improve power utilization efficiency, helping 
to balance energy supply and demand across different timeframes. 

The installation of renewable energy sources in Europe has seen substantial growth, with 
installed capacity rising from 512.78 GW in 2017 to 647.39 GW in 2021, reflecting a growth 
rate of 26.25% (as shown in the figure below). This upward trend is expected to continue 
during the forecast period. Additionally, in response to the Russian invasion of Ukraine, 
several European Union countries have announced plans to accelerate the deployment 
of renewables to reduce their dependence on Russian natural gas. Countries such as 
Germany, the Netherlands, and Portugal have either raised their renewable energy 
targets or moved up their timelines. This is expected to drive increased demand for 
battery energy storage systems during the forecast period. 

 

-Figure 19: Renewable Energy Installed Capacity, in Giga-Watt, Europe, 2017-2021 

Source: Mordor Intelligence 

In terms of major players in the European energy storage market, the market is 
moderately fragmented. Some of the key players include GS Yuasa Corporation, 
Contemporary Amperex Technology Co. Limited, BYD Co. Ltd, LG Energy Solution, Ltd., 
and Samsung SDI Co. Ltd.  
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Figure 1-10: Europe Energy Storage Market Leaders 

Source: Mordor Intelligence 

A notable example is Germany, which boasts one of the largest energy storage markets 
in both Europe and the world. The country's energy storage sector has seen significant 
growth in recent years, driven by ambitious energy transition initiatives and a goal to 
reduce greenhouse gas emissions by at least 80% compared to 1990 levels by 2050. 
Additionally, Germany plans to phase out nuclear power reactors by 2023, which has 
accelerated the development of renewable energy to offset the resulting decrease in 
power generation capacity. 

Germany is already a leader in renewable energy development, with a government target 
for renewables to meet 80% of the country's electricity demand by 2030. Solar power, 
along with onshore and offshore wind power, will serve as the main pillars of this 
renewable energy production. The German energy storage market has also experienced 
rapid growth in recent years, due to the country's ambitious energy transition project, 
“Energiewende”. The expansion of battery and other storage technologies is expected to 
have a significant impact on Germany's energy transition. 

Furthermore, the adoption of household solar storage systems is on the rise in Germany, 
driven by high electricity costs and the current energy crisis, with new installations 
projected to increase by almost 60% in 2021. According to the German solar energy 
association BSW, around 141,000 new solar storage systems were installed in German 
households in 2021, bringing the total number of installations to 413,000 units 
nationwide.  

The primary factor behind the growth of battery storage in Germany is the sharp decline 
in lithium-ion battery prices, due to their widespread use in consumer electronics and 
other applications. Over the past five years, battery costs in Germany have more than 
halved, and this trend is expected to continue. According to the International Energy 
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Agency (IEA), storage deployment in Germany is further encouraged through innovation 
auctions, which reward projects that combine renewables with storage. In 2021 and 
2022, all successful bids, totalling over 1 GW of installed capacity, were for projects 
combining solar PV with battery storage.  

German Energy Storage Market 

The energy storage market in Germany is experiencing significant growth, driven by the 
country’s ambitious energy transition goals, and increasing renewable energy capacity. 

The German energy storage market is expected to grow at a compound annual growth 
rate (CAGR) of over 10% from 2024 to 2029. Key drivers include the increasing share of 
renewables in the energy mix, declining costs of storage batteries and solar photovoltaic 
panels, and supportive government policies such as low-interest loans and investment 
grants. 

The market segments are divided into: 

• Battery Energy Storage Systems (BESS): there is a significant increase in 
demand for lithium-ion batteries, particularly for residential and 
commercial applications. The cost of lithium-ion batteries has declined 
substantially, making them more accessible for various uses. 

• Pumped-Storage Hydroelectricity (PSH): PSH remains a crucial technology 
for large-scale energy storage, although geographical limitations in 
Germany restrict new developments. 

• Thermal Energy Storage (TES): TES technologies are widely used in 
residential applications, accounting for a significant portion of the market. 

Within German energy storage market, the main trends are: 

• Renewable Integration: Germany’s goal to increase the share of 
renewables to at least 80% of electricity consumption by 2050 
necessitates substantial energy storage solutions to manage grid stability 
and integrate fluctuating renewable sources. 

• Grid Challenges: The integration of renewable energy into the grid requires 
innovative storage solutions and significant investment in smart grids. 

• Electric Mobility: Electric vehicles (EVs) are becoming integral to the energy 
storage landscape, serving as mobile storage units that can help balance 
electricity supply and demand. 
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1.2 AFRICAN MARKET 
The electricity market in Africa presents a complex and dynamic landscape, shaped by a 
variety of factors such as electrification levels, infrastructure development, energy 
sources, regulatory environments, and investment climates. With growing demand and 
an urgent need to expand energy access, the continent's energy sector is evolving rapidly, 
with distinct market segments playing key roles. 

One significant segment is the Independent Power Producers (IPPs), which have 
developed over the past three decades. This growth has been driven by concerted efforts 
from donors and investors to bring private capital into Africa’s energy sector, particularly 
through renewable energy technologies. Projects of various sizes, using a wide range of 
technologies, have been deployed across the continent. However, the IPP segment is 
now oversupplied with debt capital. The World Bank estimates the current market size to 
be around USD 625 million in annual disbursements for renewable energy IPPs 
throughout sub-Saharan Africa, excluding South Africa. 

The Solar Home Systems (SHS) and Off-Grid Solutions (OGS) market is also well-
established, showing signs of continued growth. Recent estimates place the market size 
at around USD 400 million. To achieve universal energy access, however, the OGS sector 
will need an additional USD 6.6 to 11 billion in financing. The sector is currently 
dominated by a few large international players, primarily involved in manufacturing 
components or entire units. These larger players often provide bundled, technologically 
advanced systems that offer more than basic lighting and phone charging. 

The mini-grids segment is emerging as another crucial player in Africa’s energy 
landscape. Mini-grids offer high-quality, reliable power that often exceeds the stability 
and voltage reliability of central grids. They are particularly suited to delivering electricity 
to remote and underserved regions, eliminating the need for costly grid extensions. Mini-
grids provide flexibility in both power generation and distribution, making them ideal for 
supporting "productive uses" of electricity. This allows small businesses, farmers, and 
households to carry out value-added activities that enhance labour and capital 
efficiency. Compared to solar home systems and other off-grid solutions, mini-grids are 
better equipped to meet the energy needs required for economic growth and 
development in Africa, positioning them as a key driver in the continent’s energy 
transition. 

Africa’s electricity market, through segments like IPPs, SHS/OGS, and mini-grids, has 
tremendous potential to meet growing energy demands while also driving sustainable 
economic development across the continent. 
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1.2.1 Electricity Market 
Electricity demand in Africa rose by 2% in 2023, slightly outpacing the growth from the 
previous year. This modest increase is due to a significant drop in demand in South Africa, 
the continent’s largest electricity consumer, caused by ongoing power capacity 
limitations. Meanwhile, Egypt and Algeria, the second and third largest consumers in the 
region, are estimated to have experienced demand growth of 1.5% and 5%, respectively. 
Together, these three countries account for 60% of Africa's electricity demand. 

 

Figure 1-11: Total electricity demand (left), population (centre), and electricity consumption per capita (right) in 
Africa, Southeast Asia, and India, 1990-2026 

Source: IEA, Electricity Report (2024) 

Looking ahead, the International Energy Agency projects a much more robust growth in 
electricity demand across Africa for the 2024-2026 period, with an average annual 
increase of over 4%. This anticipated acceleration is partly driven by a recovery in South 
Africa's power demand as previously inactive capacity comes back online. By the end of 
2026, the International Energy Agency expects per capita electricity consumption in 
Africa to return to levels seen during the 2010-2015 period, at the earliest. In its forecast, 
two-thirds of the additional demand growth in Africa is likely to be met through the 
expansion of renewable energy sources, with natural gas covering most of the remainder. 
Consequently, the emission intensity of electricity generation is projected to decrease from 
520 g CO2/kWh in 2023 to 490 g CO2/kWh by 2026. 

In 2023, more than 600 million people—over 40% of Africa's population—still lack access 
to electricity, predominantly in sub-Saharan Africa. Traditionally, off-grid gasoline or 
diesel generators have been a popular solution for electricity access due to their lower 
upfront costs compared to connecting to the grid. However, operational costs for these 
generators have significantly increased, especially since 2021, due to rising oil prices. In 
contrast, the adoption of decentralized modular solar home systems (SHS) has been 
growing since 2015. Countries like Ghana and Kenya have seen their SHS capacity 
expand more than twentyfold from 2015 to 2019, thanks to the efforts of SHS providers. 
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Figure 1-12: Number of people without access to electricity by region, 2010-2023. 

Source: https://www.iea.org/regions/africa 

Electricity consumption and demand in Africa have faced significant challenges over the 
past few decades. While regions like India and Southeast Asia have experienced rapid 
increases in per capita electricity use, Africa has seen stagnation, with consumption 
levels remaining unchanged for over 30 years. Recently, per capita electricity 
consumption in Africa has even declined due to population growth outpacing the 
expansion of electricity supply. It is projected that per capita consumption will only return 
to its 2010-2015 levels by the end of 2026 at the earliest. This stagnation is stark when 
compared to the situation 30 years ago when the average African consumed more 
electricity than their counterparts in India or Southeast Asia. However, by 2023, Africa's 
per capita electricity consumption was only half that of India's and 70% lower than 
Southeast Asia's. 

Looking ahead, Africa is expected to see an average annual growth in total electricity 
demand of 4% between 2024 and 2026, double the growth rate observed between 2017 
and 2023. This increased demand is anticipated to be met primarily by expanding 
renewable energy sources, which are projected to account for two-thirds of the growth, 
with the remainder covered by natural gas. Despite these positive developments, 
achieving widespread electricity access and sustainable consumption growth across 
Africa will require continued investment in infrastructure, innovative financing solutions, 
and supportive regulatory frameworks. 
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Figure 1-13: Installed Power Plant Capacity Distribution in Africa 

Source: https://www.iea.org/regions/africa 

Access to electricity in African countries varies significantly across the continent, with 
some regions experiencing higher electrification rates than others. Here is an overview 
based on recent data: 

• North Africa: High Electrification Rates, Countries like Egypt, Algeria, Tunisia, and 
Morocco have near-universal access to electricity, with rates above 95%. 

• Sub-Saharan Africa: Low Electrification Rates, the situation is more 
challenging in Sub-Saharan Africa, where electrification rates are lower. On 
average, about 46% of the population in Sub-Saharan Africa has access to 
electricity, though this varies widely by country. 

• Countries with High Access: 

o South Africa: Around 85-90% of the population has access to 
electricity. 

o Ghana: Approximately 85% of the population has access. 

o Kenya: Thanks to recent efforts, the electrification rate is around 75-
80%. 

• Countries with Low Access: 

o Chad: Less than 12% of the population has access to electricity. 

o Burundi: Approximately 11% of the population has access. 

o Malawi: Around 15% of the population has access. 



 
28 

 

   
 

 

 

Figure 1-14: Share of population without electricity access. 

Source: https://www.iea.org/regions/africa 

Driven by the desire to reduce the number of people without energy access in Africa, 
multiple funds and fund-like vehicles have been established, most at least partially 
funded by public or policy mandated institutions (DFIs, philanthropies, MDBs, national 
investment agencies, etc.). Within these dedicated setups, we encourage a broader 
rethink of several of the aspects of remote/rural electrification projects and a rethink of 
the support systems currently being used. 

Sub-Saharan Africa’s (SSA) largest electricity producer, South Africa, is in the midst of a 
supply crisis. Many existing generation plants are reaching the end of their life or suffering 
from lack of maintenance and excessive outages. Out of an installed capacity of 58 095 
MW, in real terms, power generation has fallen by 8.8% since 2010. This capacity deficit 
has negatively impacted Eskom’s energy availability factor, which has declined from 
71.9% in 2018 to 65% in 2021, and by about 20% overall over the past 20 years. As a result, 
in 2020, the South African government launched the Risk Mitigation Power Purchase 
Programme to address a supply gap of some 3 000 MW. 
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Figure 1-15: Year-on-year percent change in electricity demand, Africa, 2019-2026 

Source: IEA, Electricity Report (2024) 

The International Energy Agency (IEA) estimates that the number of people in sub-
Saharan Africa with access to electricity via solar home systems has grown by 
approximately 25 million since 2019, reaching over 45 million by 2022. This represents 
electricity access for 4% of African households. Mini-grids now provide electricity to 2% 
of the population in sub-Saharan Africa, while the main grids serve over 40%. 

Another encouraging trend is the expansion of solar lanterns and multi-light systems in 
the region. These smaller off-grid solar PV systems offer an initial step towards accessing 
basic and essential electricity services, although they fall short of the IEA's threshold for 
full electricity access. The IEA estimates that around 18% of the population without 
access in sub-Saharan Africa currently benefits from a solar lantern or multi-light system. 
These devices, along with solar home systems, are also increasingly used as backup 
power in areas with unreliable grid conditions, frequent load shedding, and power cuts, 
thereby reducing reliance on petrol and diesel generators. In countries like Nigeria, 
backup use can account for up to 70% of sales. 

Across 34 African countries, approximately two-thirds (68%) of the population now live in 
areas connected to an electric grid. Over the past decade, this figure has increased by 
only 4 percentage points, highlighting the slow pace of grid expansion. However, some 
countries have seen significant improvements in grid coverage, with Tanzania 
experiencing a 39 % increase and Liberia gaining 22 %. In contrast, other countries, such 
as Nigeria (-26 %), Sudan (-11 %), and Mozambique (-11 %), have faced notable declines 
in grid access. 
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Figure 1-16: Grid Coverage Growth Across African Countries 

Source: Afrobarometer 2022 

The disparity in electricity access between rural and urban areas in Africa is stark and 
concerning. Currently, only 45% of rural residents have access to the electric grid, 
while 94% of urban dwellers enjoy this essential service. This significant gap means that 
rural populations are far less likely to benefit from reliable electricity services, which can 
impact their quality of life and economic opportunities. 

When examining connections to the electric grid, the difference becomes even more 
pronounced. 85% of urban residents have electricity connections, compared to 
just 35% of those living in rural areas. This disparity highlights the urgent need for 
improved infrastructure and policy interventions to enhance electricity access in rural 
regions. 

Electricity provision ranks as the 10th most pressing issue that Africans want their 
governments to address. This indicates a growing awareness of the critical role that 
electricity plays in development, health, education, and overall quality of life. 

In response to the lack of access to the national grid, many Africans are turning to 
alternative sources of electricity. Approximately 23% of the population relies on non-grid 
electricity options, with 16% depending solely on these alternatives. The most popular 
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alternative source is solar panels, used by 62% of those seeking alternatives. Generators 
and batteries or power banks follow, being used by 16% and 9%, respectively. 

Interestingly, rural residents are more inclined to use alternative electricity sources than 
their urban counterparts. 30% of rural residents rely on non-grid options, which is double 
the 14% of urban dwellers who do the same. This trend underscores the necessity for 
sustainable energy solutions tailored to rural communities, where access to the national 
grid remains limited. 

In summary, the divide in electricity access between rural and urban areas in Africa 
presents significant challenges and opportunities. Addressing this issue is crucial for 
fostering equitable development and improving the livelihoods of millions. 

 

 

Figure 1-17: Electricity access and reliability across various African countries. 

Source: Afrobarometer 2022 

African countries, electricity prices are often high due to various factors, including the 
cost of fuel imports, increased distribution and transmission costs, and inefficiencies in 
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the energy sector. High electricity prices can be a significant financial burden for low-
income households, making it difficult to access energy. In addition, high electricity 
prices can also have a negative impact on businesses and entrepreneurship, limiting 
economic growth and job opportunities in the region. 

 

Figure 1-18: Price in UD dollars per kilowatt hour. 

Source: IEA, Electricity Report (2024) 

A reliable access to electricity is imperative for any modern economy, and the digital 
revolution makes it an even more critical requirement. Yet, the rate of access to 
electricity in Sub-Saharan Africa remains significantly low. Households and businesses 
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face issues with reliability, and the costs of access and usage are among the highest in 
the world. This situation poses a major constraint on economic activity, the adoption of 
new information technologies, the quality of public services, and social well-being. Most 
efforts to ensure reliable service and optimize costs have focused on addressing supply-
related issues. The supply side is marked by inadequate investment in infrastructure 
maintenance, leading to substantial technical and financial losses. Cross-border energy 
exchanges, which could potentially lower supply-related costs, remain very limited. 

The discrepancy between allocated budgets and actual expenditures is often significant. 
A substantial portion of public funds—around 75%—is directed towards operations and 
maintenance, leaving little for investment. African governments invest only 0.5% of their 
gross domestic product in energy, averaging about US $8 billion annually, which falls 
short of meeting the needs for powering homes and stimulating business growth. In 
response, some governments have turned to sovereign debt financing to generate new 
resources for energy infrastructure. In 2014, African governments issued a combined US 
$14 billion in sovereign debt, with a notable focus on financing energy projects. 

Inefficiencies in the power sector, stemming from the under-pricing of electricity and 
insufficient investment in operations and maintenance, hinder African governments' 
capacity to finance a wide range of energy projects. These inefficiencies, often tied to 
political patronage and entrenched corruption, impose an annual cost of US $8.2 billion 
on the region. 

Africa's leading development finance institution, the African Development Bank, has 
prioritized addressing the continent's energy challenges and unlocking its vast energy 
potential as part of its Ten-Year Strategy for 2013-2022. To further this goal, the Bank 
launched the New Deal on Energy for Africa, aiming to significantly boost on-grid 
transmission and connections, with a target of 130 million new connections by 2025—a 
160% increase. Over the past three years, the Bank has added an average of 540 MW of 
new power capacity annually, including 41 MW from renewable sources, resulting in new 
electricity connections for 364,800 people. Overall, these investments have improved or 
provided electricity to 3.3 million people, including 1.7 million women. The Bank's 
financing is essential for driving Africa's energy transformation. 

In order to achieve the region's energy development and climate targets, energy 
investments will have to more than double from today's USD 90 billion by 2030, with 
almost two-thirds of this spending going towards clean energy. 

The Africa Mini-grid Developer’s Association (AMDA) estimates the current market size is 
at around USD 7.5-8 million among its members, spanning 288 sites owned by its 28 
developer members. However, given the over 500 million people currently unserved by 
modern electricity in Africa, there is substantial growth potential for this segment through 
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2030. SEforALL and BloombergNEF forecast investment need for African mini-grids at 
around USD 93.1 billion for the coming decade. 

The International Finance Corporation (IFC) has committed $80 million to enhance the 
Facility for Energy Inclusion (FEI), targeting renewable energy in the commercial and 
industrial sectors across Africa. This significant investment aims to increase production 
capacity by approximately 115 MW in fifteen countries, including the Democratic 
Republic of Congo, Ghana, and Kenya. 

As the private sector arm of the World Bank Group, the IFC's funding structure includes a 
$30 million loan and a $20 million loan through the Co-Financing Portfolio Management 
Programme (CPMP), which leverages an additional $30 million in blended finance. 
Moreover, $15 million each is sourced from the International Development Association’s 
(IDA) private sector window blending facility, along with contributions from Finland’s 
blended climate finance program. 

The FEI specifically supports small-scale decentralized renewable projects, catering to 
commercial and industrial enterprises, telecommunications, and solar mini-grids. 
Notably, CrossBoundary Energy (CBE) recently secured a $20 million line of credit 
through this financing facility, while Standard Bank allocated $50 million to produce solar 
energy for businesses in sub-Saharan Africa. This initiative represents a crucial step 
towards expanding access to reliable and sustainable electricity across the continent. 

IPPs tend to rely on project finance structures, for structuring the financing to build a new 
generation project. This has relatively high transaction costs versus other less complex 
(but rarely used in IPP context) financing structures, and it is not just the developers who 
face these high costs. Financiers also face relatively high transaction costs in appraising 
and managing project finance transactions. This creates a disincentive to undertake 
relatively small projects and instead puts the focus on maximum project size to achieve 
“economies of scale”. This is true for both commercial investors and DFIs/MDBs. 
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Figure 1-19: Sustainable Energy for All Electricity Access Tiers 

Source: Source: Bloomberg New Energy Finance and Lighting Global 2016. 

Africa holds a vast, untapped renewable energy potential, accounting for up to 39% of the 
world’s total. However, to harness this potential, substantial investment in transmission 
infrastructure is essential. This is a pivotal moment for Africa to join a trend that has 
benefited other emerging markets over the past two decades. Africa50 and Power Grid 
urge both investors and African governments to prioritize sustainable and impactful 
investments in transmission infrastructure, turning this opportunity into a reality that will 
drive long-term growth and energy access across the continent. 

SEforALL and BloombergNEF forecast investment need for African mini-grids at around 
USD 93.1 billion for the coming decade. 

Framing and tracking affordability in the electricity market presents significant 
challenges due to the following complexities: 

• Affordability is Relative: Affordability and willingness to pay for electricity are 
highly dependent on the demographics and consumer groups involved, making it 
difficult to define a single standard for affordability. This variability includes 
factors such as: 

o Industrial Consumers: These consumers are extremely sensitive to 
electricity costs, as it directly affects their production costs and 
competitiveness. They require lower electricity prices compared to the 
services sector, which can sustain higher tariffs without significant impact. 
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o Domestic Consumers: Consumers are often willing to pay premium rates 
for critical energy services that depend on electricity, such as phone 
charging. However, they may be less inclined to pay high prices for other 
services, such as cooking, where cheaper energy alternatives might be 
available. 

o Regional Disparities: What might be considered an expensive electricity 
rate in one area could be deemed affordable in another. For instance, a rate 
of 15 US¢ per kWh may be unaffordable for residents of low-income areas 
like Makoko in Lagos but affordable for those living in wealthier 
neighbourhoods like Ikoyi. 

These factors underscore the complexity in addressing electricity affordability across 
different consumer groups and geographic regions. 

The dependency on imported materials and infrastructure from the Global North renders 
renewable energy installations unaffordable for many African countries. Although 
organizations like the World Bank, USAID, and the International Finance Corporation 
(IFC) provide support, the fast pace of population growth exacerbates the challenge of 
accessing cost-effective infrastructure. 

The integration of digitalization, intelligent systems, and innovative high-power 
semiconductor technologies is essential for ensuring network stability and managing 
electricity flows. These advancements enhance the efficiency of electricity distribution 
and facilitate the widespread adoption of renewable energy throughout Africa. 

In the last decades, a broad range of proven decentralized and centralized Renewable 
Energy technologies and solutions have been developed that could cater for the demands 
in urban or rural areas of sub-Saharan Africa. It is recommended to have 20% of new 
investments in electricity generation should originate from locally available renewable 
resources, to achieve self-sufficiency, reduced vulnerability, and achieve sustainable 
environmental development. By developing concrete programs and projects at national 
and regional level, ECREEE aims at ensuring increased use of renewable energy sources 
such as solar, wind, small-scale hydro, and bioenergy for the provision of access to 
energy services. 

The ECOWAS Renewable Energy Policy, the Member States have set a clear target to 
increase the share of renewable energy in the region’s overall electricity mix to 19% in 
2030. With large hydro included, the share should reach about 48% in 2030. Around 25% 
of the rural ECOWAS population will be served by mini-grids and stand-alone systems by 
2030. 



 
37 

 

   
 

Currently, grid connected renewable energy amounts to approximately 4,9 GW in terms 
of installed capacity and approximately 3 GW in terms of operational capacity. The overall 
RE installed capacity is expected to grow significantly over the next decade given the 
various investments that are currently ongoing in the Member States 

 

Figure 1-20: Share of installed of power plants.  

Source: Afrobarometer 2022 
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Figure 1-21: Share of installed solar and Generator in African countries. 

Source: Afrobarometer 2022 

the energy transition in Africa presents a compelling investment opportunity, particularly 
in the area of transmission infrastructure. Beyond simply adding new generation 
capacity, transmission projects offer stable cash flows and attractive, risk-adjusted 
returns. However, the potential of these investments extends beyond financial gains. 
Transmission projects play a key role in advancing sustainability and delivering social 
impact by enabling clean energy access. For example, a single transmission line can 
connect rural wind farms to urban centres or supply solar power to remote communities, 
transforming both areas. At a regional level, improved interconnection can further 
increase renewable energy capacity, providing clean energy to millions at lower costs. 

The International Finance Corporation (IFC) has committed $80 million to boost the 
Facility for Energy Inclusion (FEI) for renewable energy projects in Africa’s commercial 
and industrial sectors. This funding aims to increase production capacity by about 115 
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MW across fifteen African countries, including the Democratic Republic of Congo, 
Ghana, and Kenya. FEI supports small-scale decentralized renewable projects for 
commercial enterprises, telecommunications, and solar mini-grids. Notably, 
CrossBoundary Energy (CBE) secured a $20 million line of credit in November 2023 
through this financing facility, with Standard Bank allocating $50 million to produce solar 
energy for businesses in sub-Saharan Africa. 

Infinity Power has signed a memorandum of understanding with the Cameroon West 
Regional Council to establish up to 4GW of renewable energy capacity by 2035, as part of 
its broader goal to reach 10GW across Africa by 2030. The projects will be developed in 
phases, incorporating solar, wind, hydro, biomass, and battery storage solutions to meet 
Cameroon’s growing power needs. The initiative aims to boost the country's economy, 
support industrial development, and benefit local communities. UN-Habitat will offer 
technical support, assist with feasibility studies, and help create a governance 
framework for energy generation and distribution. 

1.2.2 Energy Storage Market 
The battery storage market in Africa is experiencing significant growth, driven by 
increasing demand for renewable energy, the need for reliable electricity access, and 
advancements in battery technology. As of recent estimates, the energy storage market 
in Africa is projected to reach approximately $2 billion by 2025, with a compound annual 
growth rate (CAGR) of around 15-20%. By 2025, the total installed capacity of battery 
storage in Africa is estimated to exceed 2 GW, with expectations for substantial growth 
as new projects are initiated. Regionally, South Africa stands out as the largest market for 
battery storage, propelled by the integration of renewable energy sources and 
government initiatives promoting energy independence. In East Africa, countries like 
Kenya and Tanzania are witnessing rapid growth in off-grid solutions, particularly through 
solar home systems that incorporate battery storage. Meanwhile, in West Africa, nations 
such as Ghana and Nigeria are investing in mini-grids that utilize battery storage to 
enhance energy access in rural areas. 

Energy storage applications in Africa can be broadly categorized into Stationery and E-
Mobility contexts: 

• Stationary 

• Front-of-the-Meter (FTM): 

o Renewable energy integration: Energy storage is used to support the 
integration of renewable energy sources into the grid, helping to 
balance supply and demand while mitigating the intermittency of solar 
and wind power. 
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• Behind-the-Meter (BTM): 

o Embedded generation: On-site energy generation systems, such as 
rooftop solar, are increasingly coupled with battery storage to maximize 
self-consumption and ensure grid independence. 

o Telecom tower backup: Battery storage is deployed to provide reliable 
backup power for telecom towers, which is essential in ensuring 
connectivity in remote areas. 

o UPS battery: Uninterruptible Power Supplies (UPS) with batteries are 
used to provide short-term power for critical loads during grid outages. 

o Inverter backup: Inverters with integrated storage provide backup 
power in case of a grid failure, ensuring continuous electricity supply. 

o Diesel displacement optimization: Energy storage helps reduce 
reliance on diesel generators, optimizing energy usage by storing 
excess renewable power for later use. 

o Rural electrification: Battery storage is vital for electrifying rural areas, 
where centralized grid access is limited. Energy storage systems, 
combined with renewable energy, provide a stable and sustainable 
power supply. 

2. E-Mobility 

• Electric Cars: 

o Battery Electric Vehicles (BEV): Fully electric vehicles that rely entirely on 
battery power for propulsion, offering zero-emission transportation 
solutions. 

o Hybrid Electric Vehicles (HEV): These vehicles combine a battery-
powered electric motor with a traditional internal combustion engine, but 
they do not require external charging like PHEVs. 

E-Mobility in Africa is still in its early stages, and the market is far from widespread 
adoption. 

In 2020, the total stationary storage battery market in South Africa and Southern Africa 
was estimated to be 440 MWh. This market is forecasted to grow to 10.4 GWh with a 
market revenue potential of USD 1 billion in 2030. The BTM segment, which is currently 
dominated by lead-acid batteries in South Africa, is going to provide opportunities for 
other advanced chemistries such as Lithium-ion and Flow battery technologies. 
Moreover, this advanced chemistry penetration with lithium-ion batteries is already being 
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adopted in telecom towers and solar home lighting systems. The BTM segment forecast 
considers all regulations and trends including a recent update on the lifting of the 
capacity limit on small-scale embedded generation (SSEG) from 1 MW to 100MW in South 
Africa. 

South African battery storage market can be expected to grow from 270 MWh in 2020 to 
9,700 MWh in 2030 under the base-case scenario and 15,000 MWh under the best-case 
scenario. In both cases, the electric vehicle (EV) sector is expected to drive the bulk of 
this growth. From this study it is noted that Lithium-ion battery (LIB) chemistries will 
continue to be the dominant battery technology by 2030, with Nickel Manganese Cobalt 
(NMC) expected to be the leading LIB chemistry, while vanadium redox flow batteries 
(VRFBs) are expected to gain a significant market share in the stationary energy storage 
space. South Africa and even more so the Southern Africa sub-region is well-endowed 
with many of the battery minerals that are required for LIB manufacture. 

 

Figure 1-22:Total battery forecast South Africa and southern Africa, 2020-2023 

Source: South Africa & southern Africa battery market & value chain assessment report 

The South African market for solar energy storage batteries was valued at $15.84 million 
in 2022 and is projected to reach $45.79 million by 2028, with an estimated compound 
annual growth rate (CAGR) of 19.3% during the period from 2022 to 2028. 

National context 

The table provides an overview of various reforms, projects, challenges, and 
achievements in the power and energy sectors of key African countries, highlighting their 
efforts to improve electricity access and promote renewable energy. Each country has 
implemented unique initiatives aimed at enhancing energy infrastructure, diversifying 
energy sources, and expanding electrification, particularly in rural areas. However, 
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persistent challenges, such as high costs, infrastructure deficits, and governance issues, 
continue to hinder progress. 

Table 1-1: main reforms, projects challenges for African countries 

Source: RINA internal elaboration 

 

Country Ongoing 
Electricity 
Market 
Mechanisms 

Reforms/Projects 
Implemented 

Challenges Achievements  

Nigeria - Market 
stabilization 
initiatives 

- Power sector 
privatization (2013)  
- Nigeria 
Electrification 
Project (NEP)  
- $500 million 
World Bank 
support 

- Lack of 
infrastructure  
- Poor 
governance  
- High cost of 
generation 

- Efforts to 
improve 
electricity 
distribution 

 

Ghana initiatives 
- Feed-in 
Tariff (FiT) 
program 

- Energy Sector 
Levy (2015)  
- Renewable 
Energy Act (2020, 
amended) 

- High 
electricity 
prices  
- Limited rural 
access  
- High cost of 
generation  
- Limited 
renewable 
energy 
sources 

- Efforts to 
promote 
renewables 
and improve 
sector 
governance 

 

Morocco Competitive 
bidding for 
renewable 
projects 

- Renewable 
energy program  
- Grid network 
expansion 

- None 
mentioned 
(stable 
sector) 

- 99.5% rural 
electrification 
(2017)  
- 34% installed 
generation 
capacity from 
renewables  
- Stable 
electricity 
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prices despite 
inflation 

Kenya - Feed-in 
Tariff (FiT) 
and Power 
Purchase 
Agreements 
(PPA) 

- Grid network 
expansion  
- Renewable 
energy program  
- Cost-reflective 
pricing system 

- High 
electricity 
costs  
- Inadequate 
infrastructure  
- High cost of 
fuel imports 

- Foundations 
for a more 
efficient and 
reliable 

 

 

Below are two specific cases from African countries that illustrate the challenges and 
opportunities within their solar energy sectors. 

Nigeria 

Nigeria, Africa’s most populous nation, faces significant challenges in its electricity 
market despite being endowed with vast energy resources. The country’s power sector 
has struggled with inadequate generation capacity, poor infrastructure, and frequent 
blackouts. Nigeria’s total installed electricity generation capacity stands at 
approximately 13 GW, but only about 5 GW is regularly available due to technical 
inefficiencies and grid constraints. The privatization of the power sector in 2013 was a 
pivotal reform aimed at improving efficiency and attracting private investment. However, 
the reform has faced criticism due to persistent issues such as governance failures, 
mismanagement, and underfunded distribution companies. 

To address these challenges, Nigeria has embarked on several initiatives, including the 
Nigeria Electrification Project (NEP), which aims to increase electricity access through 
on-grid, off-grid, and mini-grid solutions. International support, particularly from the 
World Bank, has been instrumental in pushing forward projects aimed at expanding grid 
capacity and enhancing rural electrification. Renewable energy, especially solar power, 
is seen as a key opportunity, with the country boasting an estimated 427 GW of solar 
potential. Efforts are underway to integrate more solar energy into the grid, particularly 
through agreements with independent power producers (IPPs). However, transmission 
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bottlenecks, inadequate tariffs, and high generation costs remain significant barriers to 
achieving sustainable energy security in Nigeria. 

South Africa 

South Africa, the most industrialized nation in Africa, is home to the continent’s largest 
and most developed electricity market. The country’s electricity generation is primarily 
driven by coal, which accounts for over 80% of the energy mix. South Africa’s state utility, 
Eskom, manages most of the generation, transmission, and distribution of electricity. 
However, Eskom has struggled with operational inefficiencies, financial instability, and 
aging infrastructure, leading to frequent load shedding (planned blackouts), which has 
caused widespread disruptions and exposed vulnerabilities in the power sector. 

To address these challenges, South Africa has embarked on a transition to renewable 
energy through its Renewable Energy Independent Power Producer Procurement 
(REIPPP) program. This initiative has attracted significant investment in solar and wind 
energy, with plans to expand the country’s renewable capacity to 12.4 GW by 2027. 
Alongside large-scale renewable projects, South Africa is also focusing on decentralized 
energy solutions such as rooftop solar and small-scale embedded generation to alleviate 
pressure on the national grid and diversify energy sources. 

One of the major challenges facing South Africa’s electricity market is its over-reliance 
on Eskom, which continues to grapple with financial and operational difficulties. To 
mitigate these risks, the government is pushing for increased private sector involvement 
and exploring options to unbundle Eskom’s operations into separate generation, 
transmission, and distribution entities. This unbundling aims to introduce more 
competition in the electricity market and improve overall efficiency. 

Additionally, South Africa is investing in energy storage solutions, particularly battery 
systems, to address the intermittency of renewable energy sources like solar and wind. 
These storage systems are essential to ensure grid stability and reliability as renewable 
energy penetration increases. 

South Africa’s promotion and adoption of solar energy as an alternative to traditional 
energy sources reflect growing consumer awareness and demand for renewable energy. 
According to the International Energy Agency’s (IEA) "Renewables 2022" forecast, South 
Africa is expected to achieve 12.4 GW of solar PV capacity by 2027, with the potential to 
reach 14.9 GW in an accelerated scenario. This growth highlights the country’s 
commitment to renewable energy expansion. 

As solar capacity grows, storage solutions, such as battery systems, will become 
increasingly important to maintain a stable and sustainable energy supply. This is critical 
for achieving South Africa's renewable energy goals. In April 2022, the Department of 
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Mineral Resources and Energy (DMRE) launched Bid Window 6 of the REIPPP program, 
aimed at procuring 2,600 MW of renewable energy capacity, with 1,000 MW dedicated to 
solar projects. Shortly after, in May 2022, the National Energy Regulator of South Africa 
(NERSA) approved a 200 MW solar photovoltaic (PV) project. By June, NERSA had also 
sanctioned an additional 139 MW across 15 solar PV projects for both commercial and 
private applications. 

These developments underscore South Africa’s focus on renewable energy as part of its 
long-term energy strategy, which includes grid modernization, private sector 
participation, and enhancing energy storage capabilities to ensure a more stable and 
sustainable electricity market in the coming years. 
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2. REGULATORY FRAMEWORK 
To develop compatible business scenarios, this section first outlines the latest legislative 
policy framework regarding electricity market and energy storage market at the EU and 
African level. 

RINA-C then examined the potential transposition of these regulations at the national 
level by preparing and submitting a short questionnaire to Pilot Site responsible partners. 
More specifically, three European countries have been analysed which are Germany, 
Portugal, and Italy.  

The regulatory framework questionnaire template is presented in Annex I. Evaluating the 
regulatory framework is a crucial step in developing suitable business scenarios that 
comply with both European and national legislation. 

2.1 EUROPEAN CONTEXT 
The European electricity and energy storage markets are governed by a comprehensive 
regulatory framework designed to promote market integration, enhance consumer 
protection, and support the transition to renewable energy sources. This section provides 
an overview of the key regulations shaping these markets, highlighting their objectives, 
scope, and impact. 

In 2023, negotiations on the EU electricity market reform commenced following the 
European Commission’s adoption of the proposal in March. By October 2023, the 
European Council had reached an agreement on a General Approach to reform the 
electricity market. These agreed-upon general guidelines served as the foundation for the 
member states’ positions in the subsequent negotiations with the European Parliament 
regarding the specifics of the legislation. 

In December 2023, the European Council and Parliament reached a provisional deal to 
reform the European energy markets, focusing on safeguarding the electricity market 
from shocks, reducing price volatility, and preparing for increased renewable energy 
integration in response to the recent energy crisis.  

On the demand side, measures to protect consumers from price spikes include 
promoting Power Purchase Agreements (PPAs) by retail energy providers, allowing 
consumers to choose their energy suppliers freely, and granting them the right to 
participate in energy-sharing schemes for self-consumption. The reform also expands 
the ability of member states to impose regulated prices on small and medium-sized 
enterprises (SMEs) in times of crisis. Moreover, the Council is granted the authority to 
declare an EU-wide energy crisis, enabling these measures to be applied across all 
member states. 
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On the supply side, the reform allows member states to introduce remuneration 
schemes for back-up capacity and medium- to long-term secured supply services more 
easily, with capacity remuneration mechanisms set to become a key component of the 
future electricity market design. The requirement for net-zero emissions in these services 
can be waived until 2028. Additionally, member states can introduce support measures 
for demand response and energy storage.  

The agreement on market design also emphasizes that public funding and support for 
renewable and nuclear projects should increasingly rely on two-sided contracts for 
difference (CFDs). This aspect sparked a dispute between some EU members, notably 
Germany and France, with concerns that France could gain significant profits from its 
nuclear power fleet, potentially using the estimated EUR 7-20 billion in profits to 
subsidize its industry. Germany pushed for CFDs not to apply to existing nuclear plants. 
The compromise reached allows CFDs to be mandatory for new investments in 
renewable and low-carbon power generation but optional for existing infrastructure. This 
compromise, overseen by the European Commission's competition authorities, aims to 
ensure fair competition. Two-way CFDs benefit consumers by distributing excess 
revenues when market prices exceed a pre-agreed strike price and reimbursing 
generators when market prices fall below it. The goal is to increase renewable energy 
deployment by ensuring stable returns and predictable pricing, with proceeds from CFDs 
directed back to consumers, either directly or through investments aimed at lowering 
energy costs. 

Moreover, the European Union has officially adopted the new Renewable Energy Directive 
III  (RED III), raising the 2030 target for renewable energy’s share in the EU’s final energy 
consumption from 32% to 42.5%, with an ambition to reach 45%. A key aspect of the 
directive includes measures to accelerate the approval process for new renewable 
energy projects, designating them as being of “overriding public interest,” which limits 
the legal grounds for objections. In the transport sector, member states must either 
reduce emission intensity by 14.5% or ensure that 29% of energy consumption comes 
from renewable sources by 2030. Minimum requirements for various biofuel sources 
have also been introduced. 

For industry, the directive sets a goal to increase the renewable energy share by 1.6% 
annually, with a specific target to have 42% of hydrogen sourced from renewables by 
2030, rising to 60% by 2035. In the building sector, a target of 49% renewable energy by 
2030 has been established, with a minimum yearly increase of 0.8% until 2026, followed 
by 1.1% annually through 2030. 

In November 2023, the European Commission reinforced the critical role of electricity 
grids in supporting a more decentralized, digitalized, and flexible power system through 
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its EU Action Plan for Grids. The plan acknowledges the challenges of increasing capacity 
and dealing with aging infrastructure. Proposed measures include implementing the 
Projects of Common Interest plan, enhancing investment incentives through regulatory 
clarity, speeding up permitting processes, and promoting funding for smart grids and 
distribution networks. The plan also aims to improve long-term grid planning by fostering 
better communication and collaboration among transmission system operators (TSOs), 
distribution system operators (DSOs), and energy generators13. 

Below are reported the main policy initiatives related to energy efficiency and energy 
communities, including directives, regulations, and proposals identified through desk 
research. 

These initiatives are part of the “Energy Union Winter Package - Clean Energy for All 
Europeans,” commonly known as the Clean Energy Package (CEP) 14 . This package 
comprises a series of directives and regulations focused on the energy performance of 
buildings, renewable energy, energy efficiency, governance, and electricity market 
design. The regulatory framework aims to enhance energy efficiency, increase the share 
of renewable energy in Europe, and establish regulations to promote the adoption of 
distributed-generation assets. 

Table 2-1: EU Regulation 

Source: RINA internal elaboration 

EU regulation Description 

Energy Efficiency 
Directive 
2018/2002/EU15 

The Energy Efficiency Directive 2018/2002/EU, which amends the 
2012/27/EU Directive, aims to enhance energy efficiency across 
the European Union. Below the key points: 
 
Energy Efficiency Targets 

• Confirms the EU’s energy efficiency target of 20% by 2020. 
• Introduces a new target of at least 32.5% for 2030, with a 

requirement for the European Commission to assess and 
potentially revise this target upwards by 2023. 

 
Energy Savings Obligations 

 
13  IEA (2024), Electricity Report. Available at: https://iea.blob.core.windows.net/assets/18f3ed24-4b26-
4c83-a3d2-8a1be51c8cc8/Electricity2024-Analysisandforecastto2026.pdf 
14  European Commission (2019), Clean energy for all Europeans package. Available at: 
https://energy.ec.europa.eu/topics/energy-strategy/clean-energy-all-europeans-package_en 
15 European Union (2018), Directive (EU) 2018/2002 of the European Parliament and of the Council of 11 
December 2018 amending Directive 2012/27/EU on energy efficiency. Available at: https://eur-
lex.europa.eu/eli/dir/2018/2002/oj 
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• Mandates an annual energy savings target of 0.8% 
for the period 2021-2030, reduced from the 
previous 1.5%. 

 
Market Barriers and Failures 

• Establishes rules to remove barriers in the energy market 
and address market failures that impede energy 
efficiency1. 

• Sets indicative national energy efficiency targets and 
contributions for 2020 and 2030. 

 
Metering and Billing 

• Strengthens rules on individual metering and billing of 
thermal energy to provide better information for 
consumers. 

• Requires that heat meters installed after October 25, 2020, 
must be remotely readable, and by January 1, 2027, all 
existing meters must also be equipped with remote reading 
systems. 

•  
Calculation Methods 

• Annex V of the Directive describes common methods and 
principles for calculating the impact of energy efficiency 
obligation schemes or other policy measures. 

The Directive is a crucial part of the EU’s strategy to reduce 
greenhouse gas emissions, improve energy security, and enhance 
the overall efficiency of energy use across the Union. 
 
In the year 2023, a new Directive was put in place for the fit for 55 
package (2023/1791) and the new target is 42 % instead of 32.5 %. 

Governance of 
the Energy Union 
Regulation 
2018/1999/EU16  

Establishes a new governance system for the Energy Union, 
requiring each Member State to develop an integrated 10-year 
National Energy and Climate Plan (NECP) for the period 2021 to 
2030. These plans should also include a longer-term perspective 

 
16 European Union (2018), Regulation (EU) 2018/1999 of the European Parliament and of the Council of 11 
December 2018 on the Governance of the Energy Union and Climate Action, amending Regulations (EC) No 
663/2009 and (EC) No 715/2009 of the European Parliament and of the Council, Directives 94/22/EC, 
98/70/EC, 2009/31/EC, 2009/73/EC, 2010/31/EU, 2012/27/EU and 2013/30/EU of the European Parliament 
and of the Council, Council Directives 2009/119/EC and (EU) 2015/652 and repealing Regulation (EU) No 
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towards 2050, detailing how each Member State will achieve its 
respective targets. 

Electricity Regul
ation 
2019/943/EU17  

Establishes principles for the internal EU electricity market, 
primarily focusing on the wholesale market and network 
operations. The Regulation includes provisions that amend 
certain articles in the electricity network codes and guidelines. 
Notably, it introduces a new bidding zone review process and 
establishes regional coordination centres, which replace the 
regional security coordinators and complement the roles of 
transmission system operators on a regional level. 

Risk 
Preparedness Re
gulation 
2019/941/EU18  

Mandates that Member States develop plans to address potential 
future electricity crises. These plans must utilize common 
methods to identify potential electricity crisis scenarios at both 
national and regional levels. The risk preparedness plans should 
be based on these identified scenarios. 

ACER Regulation 
2019/942/EU19  

Enhances the role and functioning of the European Union Agency 
for the Cooperation of Energy Regulators (ACER). The Clean 
Energy Package expands ACER’s competence in cross-border 
cooperation and aligns its tasks with the new regulatory 
framework. This includes making decisions on system operation 
regions and monitoring regional coordination centres. 

Renewable 
Energy Directive 
(RED II), 
2018/2001/EU20  

Establishes a binding target of 32% for renewable energy sources 
(RES) in the EU’s energy mix by 2030, with a potential review for an 
increase in 2023. It also includes provisions to integrate RES into 
the transport, heating, and cooling sectors. Additionally, RED II 
introduces the concept of Renewable Energy Communities to 
enhance citizen participation and contribute to a cleaner Europe. 
 

 
525/2013 of the European Parliament and of the Council. Available at: https://eur-
lex.europa.eu/eli/reg/2018/1999/oj 
17 European Union (2019), Regulation (EU) 2019/943 of the European Parliament and of the Council of 5 June 
2019 on the internal market for electricity (recast). Available at: https://eur-
lex.europa.eu/eli/reg/2019/943/oj 
18 European Union (2019), Regulation (EU) 2019/941 of the European Parliament and of the Council of 5 June 
2019 on risk-preparedness in the electricity sector and repealing Directive 2005/89/EC. Available at: 
https://eur-lex.europa.eu/eli/reg/2019/941/oj 
19 European Union (2019), Regulation (EU) 2019/942 of the European Parliament and of the Council of 5 June 
2019 establishing a European Union Agency for the Cooperation of Energy Regulators (recast). Available at: 
https://eur-lex.europa.eu/eli/reg/2019/942/oj 
20 European Union (2018), Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 
December 2018 on the promotion of the use of energy from renewable sources (recast). Available at: 
https://eur-lex.europa.eu/eli/dir/2018/2001/oj 
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Overall, RED II is a critical component of the EU's strategy to 
reduce greenhouse gas emissions, enhance energy security, and 
transition to a cleaner, more sustainable energy system by 
increasing the use of renewable energy across multiple sectors. 

Electricity 
Market Directive 
(EMDII) 
EU/2019/94421 

The Electricity Market Directive (EU) 2019/944 establishes 
common rules for the internal electricity market within the 
European Union. It aims to create a more competitive, efficient, 
and consumer-focused electricity market. The directive 
emphasizes the integration of renewable energy sources, the 
inclusion of demand response and smart metering, and the 
enhancement of cross-border electricity trade. It also introduces 
the concept of Citizen Energy Communities to encourage local 
energy production and consumption. Additionally, the directive 
mandates that market rules accommodate renewable energy and 
increase demand responsiveness, ensuring a more flexible and 
sustainable energy system. 

 

2.1.1 National Context 
To achieve the Task objective and provide a more in dept regulatory framework analysis, 
in this section the national regulatory framework (for Germany, Portugal and Italy) has 
been analysed and specific steps have been followed: 

1. Desk Research: this involved a literature review of documents and papers from 
the European Commission and other significant sources to gain an overview of the 
main regulatory instruments currently in practice in the EU and their transposition 
at the national level. 

• Consultation with SMHYLES Consortium Partners: through a short 
questionnaire, partners were asked to provide information regarding 
regulatory instruments in force in their country, indicate compliance with 
other relevant regulations, and specify any national government incentives 
for energy transition. They were also asked to identify regulatory, legal, 
socio-economic, and market barriers facing energy market in their 
countries. 

2. Assessment of Collected Information: the information gathered from the 
partners was then assessed. 

 
21 European Union (2019), Directive (EU) 2019/944 of the European Parliament and of the Council of 5 June 
2019 on common rules for the internal market for electricity and amending Directive 2012/27/EU (recast). 
Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32019L0944 
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The below Table reports a comparative overview of the main regulatory framework 
aspects of each country analysed: 

 

 Italy Portugal Germany 

Market 
Liberalization 

Fully 
liberalized 
since the 
Bersani 
Decree in 
1999. 

Almost fully 
liberalized, 
driven by EU 
directives 
and financial 
reforms. 

Fully liberalized 
since 1998, with 
ongoing reforms to 
enhance 
competition. 

Regulatory 
Body 

Autorità per 
l’Energia 
Elettrica ed 
il Gas 
(AEEG). 

Entidade 
Reguladora 
dos Serviços 
Energéticos 
(ERSE). 

Bundesnetzagentur 
(BNetzA). 

Energy 
Storage 
Regulation 

Specific 
regulations 
for energy 
storage 
projects. 

Focus on 
pumped 
hydro storage 
and pilot 
projects for 
lithium-ion 
batteries. 

Comprehensive 
framework with 
scattered 
provisions. 

Renewable 
Energy 
Integration 

Strong focus 
on 
integrating 
renewables, 
supported 
by the 
Renewable 
Energy Act. 

Increasing 
use of 
renewables, 
with 
significant 
solar PV 
auctions. 

High integration of 
renewables, 
supported by the 
Renewable 
Energies Act. 

Consumer 
Protection 

Transparent 
tariff 
schemes 
and 
consumer 

Transparent 
pricing and 
support for 
self-
consumption 

Strong consumer 
protection 
mechanisms, 
including data 
transparency. 
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rights 
protections. 

and energy 
communities. 

Remuneration 
Schemes 

Capacity 
mechanisms 
and market-
based 
pricing 
models. 

Capacity 
payments 
and 
incentives for 
renewable 
integration. 

Capacity 
mechanisms and 
market-based 
pricing for energy 
storage. 

Grid 
Integration 

Focus on 
smart grids 
and 
innovative 
storage 
solutions. 

Emphasis on 
smart grid 
development 
and electric 
mobility. 

Advanced grid 
integration with 
support for smart 
grids and storage. 

 

Germany 

The below information has been provided by partners from Fraunhofer ICT Group.  

At country level, Germany regulatory framework is aligned with the following European 
regulations: 

• Energy Efficiency Directive- EED22 
• National Energy and Climate Plan- NECP23 
• Renewable Power Purchase Agreement- RPR24 
• Electricity Regulation- ER25 
• Agency for the Cooperation of Energy Regulators- ACER26 
• Renewable Energy Directive II- RED II27 

 
22  National Ministry of Environment Germany (2023), Europäische Energie- und Klimaziele | 
Umweltbundesamt.  
23 BMWK (2024), Nationaler Energie- und Klimaplan (NECP)  
24 BMWK (2023), Risikovorsorgeplan Strom 
25  BMWK (2022),_Umsetzungsplan_Deutschland_Art_20_BMVO_überarbeitet_final. Available at: 
https://www.bmwk.de/Redaktion/DE/Downloads/U/umsetzungsplan-fur-deutschland-marktreformplan-
nach-art-20-verordnung-eu-2019-943-uber-den-
elektrizitatsbinnenmarkt.pdf?__blob=publicationFile&v=1 
26 Bundesnetzagentur (2011), Agentur für die Zusammenarbeit der Energieregulierungsbehörden (ACER). 
27  Fraunhofer ISE (2024), Public Electricity Generation 2023: Renewable Energies cover the Majority of 
German Electricity Consumption for the First Time. Available at: https://www.ise.fraunhofer.de/en/press-
media/press-releases/2024/public-electricity-generation-2023-renewable-energies-cover-the-majority-
of-german-electricity-consumption-for-the-first-time.html 
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• Electricity Market Design II- EMDII28 

In general, policies have affected the German electricity market in a big way as the “EEG” 
has been installed to ensure a steady increase of PV capacity in the private sector. This 
does account for the private sector energy storage market, too. In the industrial sector 
the situation is much more complicated and often hinders new installations and 
developments.  

Specifically, the legislative, legal and market barriers facing electricity and energy storage 
market in Germany are: 

1. High subsidies for fossil fuels. 
2. Lack of regulations where the energy providers would be forced to establish 

energy reserve in energy storages. 

Government’s electricity and energy storage policies might influence the market in the 
future by leading to a steep increase of energy storage systems to abolish negative 
electricity tariffs. As the renewable energy contribution to the energy supply will reach 
70% in the closer future energy storage will become more profitable. By now, the tools 
with which the government is incentivizing energy transition are Solarpackage 129 and KfW 
Bank. 

Regarding the existent remuneration schemes, given tariffs for surplus and full energy 
generation, are controlled by the grid agency of Germany (Bundesnetzagentur30). Also, a 
differentiation between open-space and roof photovoltaic. Additional bonus for big 
installation above 1000 kW power generation are expected. Moreover, in Germany, 
industrial energy tariffs (at 100.000 kWh and above) experience an additional fee if high 
amounts of energy are spent. Used case for peak shaving31. 

Finally, according to Fraunhofer ICT Group, the existing regulation regarding Major 
Accident Regulation has had a negative impact on its works since substances hazardous 
to water such as vanadium are not permitted above a certain H-statement. 

 
28  BMWK (2024), Was macht eine Bürgerenergiegesellschaft?. Available at: 
https://www.energiewechsel.de/KAENEF/Redaktion/DE/Module/Fragenmodul/Startseite/Frage-
09/antwort3.html 
29  Die Bundesregierung (2024), Mehr Photovoltaik mit Solarpaket. Available at: 
https://www.bundesregierung.de/breg-de/themen/tipps-fuer-verbraucher/solarpaket-photovoltaik-
balkonkraftwerke-2213726 
30 Bundesnetzagentur (2024), EEG-Förderung und -Fördersätze. Available at: 
https://www.bundesnetzagentur.de/DE/Fachthemen/ElektrizitaetundGas/ErneuerbareEnergien/EEG_Foe
rderung/start.html 
31  Fraunhofer IISB (2024), Lastspitzenreduktion. Available at: https://www.energy-
seeds.org/de/schwerpunkte/lastspitzenreduktion.html 
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Portugal 

The below information has been provided based on desk research and contribution of 
partners from Capwatt. 

The energy sector in Portugal is a fundamental pillar of the national economy, both from 
the point of view of citizens and from the point of view of businesses. Given its nature, it 
is a complex system that involves different institutions and agents and is constantly 
evolving to adapt to global and European challenges. 

The Integrated National Energy-Climate Plan (NECP) falls within the obligations arising 
from Regulation (EU) 2018/1999 of the European Parliament and of the Council of 11 
December 2018 on the Governance of the Energy Union and Climate Action and is the 
main instrument of energy and climate policy for the decade 2021-203032. 

The NECP defines the national contributions, and the main lines of action envisaged to 
meet the various global commitments of the Union, also in terms of reducing greenhouse 
gas emissions, renewable energy, energy efficiency and interconnections. 

Portugal's energy and climate objectives are the following: 

• ghg emissions 2030: from -45% to -55% 
• energy efficiency: 35% 
• renewables: 47% 
• renewables in transport: 20% 
• electricity interconnections: 15% 

As reported previously, the national energy sector landscape is constantly evolving, both 
due to the economy, linked to energy demand, and due to the challenges imposed at the 
European Union level and the objectives that Portugal, and other Member States, are 
achieving. To meet these challenges, the energy sector has evolved in recent years, 
thanks to the legislative changes that have been implemented: 

• General basis of organization and operation of the Electricity sector (1/2)33 
• General basis of organization and operation of the Electricity sector (2/2)34 

 
32  European Commission (2023), National Energy and Climate Plan 2021-2030. Available at:  
https://energy.ec.europa.eu/system/files/2020-06/pt_final_necp_main_en_0.pdf 
33  MINISTÉRIO DA ECONOMIA E DO EMPREGO (2012), Decreto-Lei n.º 215-A/2012. Available at: 
https://www.observatoriodaenergia.pt/wp-content/uploads/2017/12/DL215A2012.pdf 
34 MINISTÉRIO DA ECONOMIA E DO EMPREGO (2012), Decreto-Lei n.º 215-B/2012. Available at: 
https://www.observatoriodaenergia.pt/wp-content/uploads/2017/12/DL215B2012.pdf 

https://energy.ec.europa.eu/system/files/2020-06/pt_final_necp_main_en_0.pdf
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• General basis of organization and operation of the Natural Gas sector 
(1/2)35 

• General basis of organization and operation of the Natural Gas sector 
(2/2)36 

• General basis of organization and operation of the Oil sector37 
• National Action Plan for Energy Efficiency 2013-2016 and National Action Plan for 

Renewable Energy 2013-202038 

INESC TEC, GRACIÓLICA and EDA provided further information by a joint contribution 
regarding Demo #2 (Azores archipelago). 

Regarding Electricity Market Directive (EMDII) EU/2019/944, in the Portuguese islands, a 
single entity, the system operator, has a vertically organized electricity system, being an 
exemption from the EU Electricity Market Directive 2019/944 that stipulates that the 
activities of the energy system are unbundled. A single system operator (EEM for Madeira 
archipelago, and EDA for Azores archipelago) is responsible for the generation, 
transmission, distribution, and supply of electricity, and for the acquisition of electric 
energy from private producers. 

The official documents, aligned with EU regulation 2018/1999, describing the 10-year 
NECP for 2021 to 2030 for the Portuguese system are the following: 

• National Energy and Climate Plan 2021-2030 - NECP 2030, from December 201939. 

• Roadmap for Carbon Neutrality 2050 (RCN 2050) - Long-term strategy for carbon 

neutrality of the Portuguese Economy by 2050, from July 201940. 

 
35 MINISTÉRIO DA ECONOMIA E DO EMPREGO (2012), Decreto-Lei n.º 230/2012. Available at: 
https://www.observatoriodaenergia.pt/wp-content/uploads/2017/12/DL2302012.pdf 
36 MINISTÉRIO DA ECONOMIA E DO EMPREGO (2012), Decreto-Lei n.º 231/2012. Available at: 
https://www.observatoriodaenergia.pt/wp-content/uploads/2017/12/DL2312012.pdf 
37 MINISTÉRIO DA ECONOMIA E DO EMPREGO (2015), Decreto-Lei n.º 244/2015. Available at: 
https://www.observatoriodaenergia.pt/wp-content/uploads/2017/12/DL2442015.pdf 
38PRESIDÊNCIA DO CONSELHO DE MINISTROS (2013), Resolução do Conselho de Ministros n.º 20/2013. 
Available at: https://www.observatoriodaenergia.pt/wp-content/uploads/2017/12/RCM202013.pdf 
39  Portuguese Republic (2019), National Energy and Climate Plan 2021-2030 - NECP 2030. Available at: 
https://energy.ec.europa.eu/system/files/2020-06/pt_final_necp_main_en_0.pdf 
40 Portuguese Republic (2019), Roadmap for Carbon Neutrality 2050 (RCN 2050) - Long-term strategy for 
carbon neutrality of the Portuguese Economy by 2050. Available at: https://www.portugal.gov.pt/download-
ficheiros/ficheiro.aspx?v=%3d%3dBAAAAB%2bLCAAAAAAABACzMDexBAC4h9DRBAAAAA%3d%3d  
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Azores is an autonomous region of Portugal. The regional authorities have created its own 
Energy Plan which is “EAE - Estratégia Açoriana para a Energia 2030” (EAE 2030 
(azores.gov.pt)).  

In Portugal, system operator activities are regulated by the national regulator ERSE 
(“Entidade Reguladora dos Serviços Energéticos”, official web site: erse.pt). ERSE is an 
independent entity with competences to organize regulations on access to the grids, 
commercial relations, tariffs, quality of service, and approval of investment plans on the 
grids. 

The general rights and obligations of consumers, prosumers and plant operators are 
defined in Decree-Law 15/202241, that establishes the organization and functioning of the 
Portuguese electricity grid system, transposing the UE legislation 2019/944 (Directive on 
common rules for the internal market for electricity) and 2018/2001 (Renewable Energy 
Directive of 2018). Based on this law, ERSE defines the roles and tasks of the TSO and 
DSO, such as: 

• Regulation for network operation, from July 202342; 

• Manual of procedures for the global management of the electricity system, from 

Dec/202343. 

In addition to the national legislation, the local utilities of the autonomous systems of 
Madeira and Azores archipelagos adopt tailor-made regulations and procedures to cope 
with the operation of their electrical systems. 

No customized grid code is, currently, in use for the power systems of Azores 
archipelago, and the technical requirements for connecting new electricity generating or 
storage facilities to the electrical grids are defined, by EDA, in a case-by-case basis. 
However, a specific grid code is under development for the Azores islands’, taking the grid 
code of Madeira adopted in 2019 as an example44. In Madeira, the grid code was updated 

 
41  Portuguese Republic (2022), Decree Law 15/2022, Republic Diary No. 10/2022, Series 1. Available at: 
https://diariodarepublica.pt/dr/en/detail/decree-law/15-2022-177634016 
42  ERSE (2023), Regulamento de Operação das Redes do setor elétrico. Available at: 
https://www.erse.pt/media/lrul1abk/ror_reg816_2023.pdf 
43  ERSE (2023), Manual de Procedimentos da Gestão Global do Sistema. Available at: 
https://www.erse.pt/media/3bqhdcjq/diretiva-19_2023-mpggs.pdf 
44 Clear energy for EU islands secretariat (2024), Study on connection policies and management of energy 
systems under conditions of asynchronous generation in the non-interconnected islands. Available at:  
https://op.europa.eu/en/publication-detail/-/publication/eda06f7d-4d58-11ef-acbc-
01aa75ed71a1/language-en 
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in 2019 to facilitate the integration of more renewable generation. This grid code45 defines 
the technical conditions for connecting new electricity generating facilities to the 
electrical grids of the Autonomous Region of Madeira. At least for now, no technical 
requirements are specified in this grid code for electricity storage solutions. 

Regarding government incentives for energy transition, in Azores, the regional authorities 
have created financial incentives for the acquisition of PV solar systems to be installed in 
the region; decentralized electricity storage; and electric mobility (vehicles and 
chargers). Furthermore, there is an incentive program (PROENERGIA) for the acquisition 
and installation of equipment’s related with renewable energy, storage, heating, and 
water heating (heat pumps and solar thermal). 

In Portuguese islands, a solid and transparent regulatory framework on the 
compensation mechanisms for intermittent renewable generation curtailment is 
needed. Regulation should clarify in which instances which party (producer or system 
operator) bears the financial responsibility for curtailed energy. Such a regulation will 
decrease the investment risk for both plant owner and the system operator46.  

 

Moreover, in Portuguese islands, the provision of grid services by new renewable 
generating or storage units is, currently, part of the concession contract with ERSE and is 
not remunerated. A regulatory framework for the remuneration of flexibility services to 
the grid is missing and, therefore, tenders for storage have low interest from investors47. 

In conclusion, regarding the existent remuneration schemes, for the support of the 
renewable energy generation, feed-in tariffs have been the main adopted approach for 
remuneration in Portuguese islands48. RES generation plants will start to be implemented 

 
45  Madeira regional government (2019), Regional Regulatory Decree n.º 8/2019/M Regulation of the 
Transmission and Distribution Grid of Electrical Energy in the Autonomous Region of Madeira (translated 
from Portuguese). Available at: https://files.diariodarepublica.pt/1s/2019/10/21000/0007100100.pdf  
46 Clear energy for EU islands secretariat (2024), Study on connection policies and management of energy 
systems under conditions of asynchronous generation in the non-interconnected islands. Available at: 
https://op.europa.eu/en/publication-detail/-/publication/eda06f7d-4d58-11ef-acbc-
01aa75ed71a1/language-en 
47 Clear energy for EU islands secretariat (2024), Study on connection policies and management of energy 
systems under conditions of asynchronous generation in the non-interconnected islands. Available at:  
https://op.europa.eu/en/publication-detail/-/publication/eda06f7d-4d58-11ef-acbc-
01aa75ed71a1/language-en 
48 Clear energy for EU islands secretariat (2024), Study on connection policies and management of energy 
systems under conditions of asynchronous generation in the non-interconnected islands. Available at:  
https://op.europa.eu/en/publication-detail/-/publication/eda06f7d-4d58-11ef-acbc-
01aa75ed71a1/language-en 
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through auctions instead of tenders, which is expected to result in lower remuneration 
prices49. 

Important to mention that in the Azores the surplus of self-consumption units can be sold 
to the grid for a tariff of 90% of the monthly average of the MIBEL price (Iberian Electricity 
Market). 

Italy 

Energy market regulation in Italy is designed to ensure the efficient operation of the 
energy sector while safeguarding consumer rights, promoting competition, and 
advancing the transition to renewable energy. Italy's energy market is part of the broader 
European Union framework, which aims to integrate energy markets across member 
states, ensuring stability, security, and sustainability in energy supply. 

Following the EU's directives on energy market liberalization, Italy has progressively 
opened its electricity and gas markets to competition since the early 2000s. This allows 
consumers to choose their energy providers, fostering competition and theoretically 
driving down prices. However, the market still retains a "regulated" component, known 
as the Maggior Tutela service, which offers electricity at regulated prices to certain 
customer categories, though it is being phased out in favour of fully liberalized markets. 

The following points provide a comprehensive overview of Italian regulatory instruments: 

1. Legislative Decree No. 210 (2021): this decree liberalized the domestic electricity 
market, aligning with EU Directive 2019/944, which promotes competition and 
consumer protection. 

2. National Energy and Climate Plan (NECP): Italy’s NECP outlines targets for 
emissions reductions and energy efficiency, aiming for carbon neutrality by 2050. 

• Autorità di Regolazione per Energia Reti e Ambiente (ARERA): is the 
independent body responsible for regulating, monitoring, and ensuring the 
proper functioning of Italy's energy markets. ARERA oversees price setting, 
guarantees service quality, promotes fair competition, and ensures that 
market rules align with EU legislation. It also regulates network operators 
and energy infrastructure to guarantee non-discriminatory access for all 
market participants. 

 
49 Clear energy for EU islands secretariat (2024), Study on connection policies and management of energy 
systems under conditions of asynchronous generation in the non-interconnected islands. Available at:  
https://op.europa.eu/en/publication-detail/-/publication/eda06f7d-4d58-11ef-acbc-
01aa75ed71a1/language-en 
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Italy is committed to the EU’s Fit-for-55 package, which sets ambitious targets for 
reducing greenhouse gas emissions by 2030. The country has successfully implemented 
various EU directives, including the Third Energy Package, which enhances market 
competition and consumer rights50. Through national and EU initiatives, including the 
National Energy and Climate Plan (NECP), Italy promotes renewable energy sources such 
as solar, wind, and hydro. The Renewable Energy Directive (RED II) framework has also 
been key in setting ambitious renewable energy targets for the country. Support 
mechanisms like incentive schemes 51 , Green Transition Decree 52  and the Hydrogen 
Strategy53 are used to incentivize renewable energy investment. 

Italy's electricity and gas markets are divided into the wholesale market, where electricity 
is traded between producers and suppliers, and the retail market, where consumers 
purchase energy. The Italian Power Exchange (GME) facilitates the wholesale trading of 
electricity. Italy imports a significant portion of its energy, and the market is 
interconnected with neighbouring countries through the European internal energy 
market. 

Despite progress, the Italian market faces challenges such as regulatory complexity, 
regional disparities, and socio-economic barriers that can hinder the energy transition. 
Addressing these issues is essential for achieving Italy’s energy goals. 

2.2 AFRICAN CONTEXT 
The regulatory framework for electricity market in Africa is crucial for fostering the 
development of robust electricity markets and ensuring access to affordable and 
sustainable energy across the continent. Achieving this requires strong political 
commitment from governments, which is essential for driving legislative and regulatory 
changes. 

Key components of this framework include: 

• Establishment of National and Regional Regulators: Effective regulatory bodies 
at both national and regional levels are necessary to oversee electricity markets, 
enforce compliance, and promote competition. 

• Alignment of Policies and Legislation: Existing policies and laws must be 
updated or reinforced to align with international best practices and standards. 

 
50 IEA (2023), Italy 2023 Energy Policy Review. Available at: https://build-
up.ec.europa.eu/system/files/2023-06/Italy_2023_EnergyPolicyReview.pdf 
51 Italian Trade Agency (2023), Energy transition. Available at: https://www.ice.it/en/invest/sectors/energy-
transition 
52  The Local (2023), Italy approves 'green transition' decree to boost renewable power. Available at: 
https://www.thelocal.it/20231128/italy-approves-green-transition-decree-to-boost-renewable-power 
53 Invest in Italy (2023), Greentech. Available at: https://www.investinitaly.gov.it/en/sectors/greentech 
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This alignment will enhance regulatory practices and encourage investment in the 
sector. 

• Strengthening Regional Cooperation: Enhancing synergies between Regional 
Economic Communities (RECs) and other regional institutions is vital for 
coordinated efforts in market development and resource sharing. 

• Assessment Tools: The Electricity Regulatory Index (ERI) plays a critical role in 
assessing the maturity of regulatory frameworks in African countries. This 
composite index measures how well these frameworks align with international 
standards, providing a benchmark for progress and areas needing improvement. 
The figure below represents the Electricity Regulatory Index (ERI) for African 
countries. 

The map serves as a visual benchmark for assessing how well the regulatory 
frameworks in African countries align with international standards, highlighting areas 
of progress and those needing improvement. 

 

Figure 2-1: The regulatory outcome index (ROI) 2022 

Source: Electricity Index for Africa 2022- African development Bank 

The table below outlines various legislative frameworks and strategic initiatives aimed at 
enhancing energy access and promoting renewable energy across African countries 
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Table 2-2: African Regulation 

Source: RINA elaboration 

African Regulation Description 
Agenda 2063- African 
Union- 

A strategic framework aimed at transforming Africa, which 
includes goals for energy access and the promotion of 
renewable energy and storage solutions across the 
continent. 

Electricity Regulation 
Act, 2006 (Act No. 4 of 
2006)- South Africa 

Establishes the framework for the regulation of the 
electricity supply industry in South Africa, including 
provisions for integrating renewable energy and storage. 

Energy Act, 2019- 
Kenya 

This act consolidates and streamlines the laws governing 
the energy sector in Kenya, promoting renewable energy, 
and allowing for the use of energy storage systems. 

Electricity Power 
Sector Reform Act, 
2005 (Cap E7 LFN 
2004)- Nigeria 

Aims to reform the electricity sector, allowing for private 
sector participation and the integration of renewable energy 
and storage technologies. 

Energy Commission 
Act, 1997 (Act 541)- 
Ghana 

Establishes the Energy Commission to regulate the energy 
sector, including the integration of renewable energy and 
battery storage systems. 

Electricity Act, 2008 
(Act No. 3 of 2008)- 
Tanzania 

Provides guidelines for electricity generation, transmission, 
and distribution, including provisions for integrating 
renewable energy and energy storage solutions. 

Electricity Act, 1999 
(Cap 145)- Uganda 

Governs the generation, transmission, distribution, and 
consumption of electricity in Uganda, with provisions for 
renewable energy and storage systems. 

Law No. 13-09 on 
Renewable Energy 
(2009)- Morocco 

Promotes the development of renewable energy projects, 
including solar and wind, as well as battery storage 
solutions to enhance energy security. 

National Energy Policy, 
2019- Rwanda 

Aims to promote renewable energy and energy storage 
technologies to ensure universal access to electricity by 
2024 

Renewable Energy Law 
No. 203 of 2014- 

Facilitates private sector investment in renewable energy 
and includes provisions for energy storage projects to 
support grid stability. 

 

The regulatory landscape for Independent Power Producers (IPPs) in Africa faces 
significant challenges due to a fragmented and inconsistent approach that varies even 
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within individual countries. Many mini-grid operators are required to register and comply 
with regulations that are primarily designed for much larger IPPs. This misalignment leads 
to considerable compliance and legal costs, often borne by third parties, which in turn 
inflate both start-up and operational expenses for mini-grids. 

Most utilities across Africa rely on national budget subsidies to maintain operations. 
While mini-grids play a crucial role as extensions beyond the existing grid—providing 
essential alternatives for utilities that struggle to expand their infrastructure—they lack 
access to the operating subsidies that support traditional utility operations. Currently, 
only two public utilities in sub-Saharan Africa manage to fully recover their operational 
and capital costs; the majority rely on various forms of subsidization to remain viable. 
Although mini-grids typically demonstrate lower energy losses and better collection rates 
from end users, they still require financial support, facing persistent barriers to accessing 
national subsidies. 

Additionally, IPP projects operate within a complex regulatory environment that presents 
its own challenges. Securing land leases and generation licenses can be both difficult 
and costly, while environmental and social impact assessments often involve 
cumbersome processes that are complicated by disparate regulatory standards across 
different countries. Given the inherent risks associated with project development, 
pursuing projects within a single country can be unfeasible; navigating multiple 
regulatory environments complicates financing, particularly since most funding 
originates from Multilateral Development Banks (MDBs) and Development Finance 
Institutions (DFIs). 

On the regulatory front, the African Electrotechnical Standardization Commission 
(AFSEC) was established to support the implementation of standards related to 
electrification. This regulatory body closely references the International Electrotechnical 
Commission (IEC) series of technical specifications, ensuring that African countries align 
with global best practices for electrical systems and infrastructure. AFSEC's role is 
crucial in harmonizing regulations across the continent, promoting safety, efficiency, and 
compatibility within the rapidly evolving energy sector, particularly as the demand for 
renewable energy and energy storage solutions like BESS continues to rise. 

In this challenging context, initiatives like Lighting Global, led by the World Bank and the 
International Finance Corporation (IFC), aim to foster the development of a market for 
clean off-grid lighting solutions in Africa. Since its inception in 2009, Lighting Global has 
established stringent quality standards for lighting products, which include: 

• Light Output: Ensuring adequate brightness for effective use. 

• Lighting Duration: Providing sufficient autonomy to meet user needs. 

• Battery Lifespan: Promoting durable and reliable batteries for prolonged use. 

• Assembly Quality: Upholding high manufacturing standards. 
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• Durability: Ensuring resilience under varying environmental conditions. 

This quality assurance program is designed to combat the proliferation of low-quality 
products in the market, thus protecting consumers from ineffective or unsafe solutions. 
By establishing a robust regulatory framework, Lighting Global supports the growth of a 
sustainable and accessible lighting industry in Africa, thereby facilitating electrification 
in rural and remote areas. 

Moreover, the launch of the Battery Energy Storage Systems (BESS) Consortium on 
December 2, 2023, during COP28 in Dubai, marks a significant milestone in advancing 
global efforts to meet renewable energy storage commitments. Countries such as 
Burkina Faso, Egypt, Ghana, Kenya, Malawi, Mauritania, Mozambique, Togo, and Nigeria 
have officially expressed their interest in joining the Consortium. These nations will 
benefit from support provided by resource partners, including the African Development 
Bank (AfDB), the World Bank, the Asian Development Bank, the Inter-American 
Development Bank, the French Development Agency (AFD), Africa50, and Masdar. These 
partners will assist in project preparation, improve the regulatory environment, and 
unlock both public and private investments. 

The BESS Consortium is part of a broader global dialogue that includes battery and 
component producers as well as policymakers, all aimed at shaping the future of the 
energy storage industry. By joining this multilateral partnership initiative under the Global 
Leadership Council, members commit to contributing toward a goal of achieving 5 
gigawatts (GW) of energy storage by the end of 2024. This initiative serves as a roadmap 
for reaching an ambitious target of 400 GW of renewable energy storage by 2030. 

Mauritania's Minister of Petroleum, Mines, and Energy expressed satisfaction with the 
country's membership in the consortium, highlighting the critical need for battery storage 
in Mauritania, which currently relies on renewable energy for 40% of its energy needs- a 
figure expected to increase as the country focuses more on solar and wind energy. 

 

Figure 2-2: Volume weighted average lithium-ion battery pack and cell price. 

Source: CES Analysis South Africa & Southern Africa Battery market & Value chain assessment report-World 
Bank report 
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The use of batteries is experiencing significant growth in Africa, particularly as nearly 400 
million people are projected to gain access to electricity through decentralized solutions 
such as solar home systems and battery-equipped mini-grids. This expansion plays a vital 
role in efforts to achieve universal electricity access by 2030, which is critical for fostering 
economic growth and improving quality of life across the continent. According to the 
International Energy Agency (IEA), the cost of lithium-ion batteries- widely utilized in 
energy storage systems- has decreased by an impressive 90% since 2010, with an 
anticipated further reduction of around 40% by 2030. This price drop enhances the 
feasibility of energy storage solutions, making them increasingly accessible and 
appealing for widespread adoption. 

In Africa, where a significant portion of the population still lacks reliable electricity, 
batteries are becoming increasingly crucial in bridging the energy gap. Approximately 
80% of individuals without access to electricity reside in remote, sparsely populated 
regions, where extending traditional power grids is both costly and time-consuming. 
Consequently, off-grid systems powered by solar energy, supported by battery storage, 
have emerged as practical and efficient alternatives. By 2023, these off-grid systems 
accounted for half of all new electricity connections in Africa. Factors such as declining 
costs of solar photovoltaic (PV) modules, modular system designs, and innovative 
financing models like Pay-as-You-Go (PayGo) have made solar-based off-grid solutions 
more attractive than traditional fossil fuel generators. Additionally, community-based 
initiatives and local entrepreneurs are playing a crucial role in driving the adoption of 
these technologies, fostering a sense of ownership and empowerment within 
communities. 

Despite these advancements, deploying batteries at the required scale presents notable 
challenges, including the need for local manufacturing, assembly, maintenance, and 
recycling capabilities. Developers currently face obstacles such as complex import 
duties on battery cells and packs, a lack of local expertise for maintenance, and 
insufficient recycling infrastructure for lithium-ion batteries, which complicates the long-
term sustainability of these solutions. Given the technical and logistical difficulties in 
recycling, particularly for small and large lithium-ion batteries, there is presently no 
established lithium-ion battery recycling infrastructure in Africa. 

Furthermore, as the demand for batteries increases, so does the urgency to establish 
effective recycling and disposal systems. The environmental impact of improperly 
disposed batteries can be detrimental, necessitating proactive measures to create a 
circular economy around battery technologies. Partnerships between governments, 
NGOs, and the private sector will be essential in developing comprehensive strategies for 
battery recycling and resource recovery. Addressing these multifaceted challenges is 
crucial to fully harness the potential of battery technologies in enhancing energy access, 
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supporting Africa's broader goals of sustainable development and universal 
electrification by 2030. This multifaceted approach will not only address immediate 
energy needs but also lay the foundation for long-term economic resilience and 
environmental sustainability across the continent. 

2.3 CONCLUSION 
The European electricity and energy storage markets are undergoing significant 
transformation driven by a robust regulatory framework aimed at enhancing market 
integration, protecting consumers, and facilitating the transition to renewable energy 
sources. The 2023 reforms mark a pivotal step toward creating a more resilient and 
flexible energy system, addressing challenges such as price volatility and the need for 
increased renewable integration. Key initiatives, including the introduction of Contracts 
for Difference (CFDs) and the Renewable Energy Directive III (RED III), underscore the 
commitment to stabilizing energy prices and fostering renewable energy growth. By 
establishing ambitious targets and streamlined approval processes, the EU is positioning 
itself to meet future energy demands while ensuring sustainability. 

Overall, these developments not only support the decarbonization goals of the European 
Union but also enhance energy security and foster consumer empowerment, 
contributing to a cleaner and more sustainable energy landscape across Europe. 

As Europe strives for an integrated and sustainable energy market, it sets a precedent 
that could inspire similar reforms in Africa, where regulatory frameworks are also evolving 
to support renewable energy growth and market stability. 

The regulatory framework for Africa’s electricity market is pivotal in supporting 
sustainable energy access and building robust markets across the continent. This goal 
hinges on strong political commitment to drive essential legislative and regulatory 
changes. Key elements include establishing both national and regional regulatory bodies, 
aligning policies with international standards, and fostering regional cooperation through 
economic communities. Tools like the Electricity Regulatory Index (ERI) help gauge 
regulatory maturity, revealing areas for improvement. 

The need for collaborative partnerships between governments, NGOs, and private 
sectors is clear. These partnerships will promote sustainable battery recycling practices, 
thus advancing Africa’s electrification and sustainable development goals, setting the 
stage for a resilient and environmentally sound energy future. 
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3. SMHYLES USE CASES 
3.1 METHODOLOGY FOR THE DEFINITION OF USE 

CASES 
A use case provides a comprehensive, step-by-step description of how the toolkit will be 
used in specific, real-world scenarios to address challenges related to energy system 
flexibility, storage, and market integration across three demonstration sites. These use 
cases are vital for understanding and documenting the practical application of the toolkit 
within the project, offering insights into the toolkit's objectives, operational modes, and 
the roles of various stakeholders involved. 

Project use cases are strategic tools that ensure the toolkit’s development aligns with the 
practical needs and challenges of real-world energy systems. They provide a rigorous 
framework for documenting system requirements, guiding development, and facilitating 
communication, contributing to the successful implementation of the SMHYLES toolkit 
across the project’s demonstration sites. 

Each use case defines a particular scenario or set of scenarios in which toolkit will be 
applied. This includes how the toolkit will interact with different energy systems to 
enhance flexibility, efficiency, and consumer acceptance. The objectives of the use case 
focus on solving specific challenges at the demonstration sites, such as optimizing 
energy storage, integrating renewable energy sources, or participating in flexibility 
markets. 

3.2 LIST OF USE CASES 
In this project we identified 5 Use cases with some uses cases are overlapping with other 
and some uses cases are subdivided in sub uses cases. All the use cases are detailed 
according to standard IEC 62559. 

The IEC 62559 standard is used in the development of use cases, especially in energy and 
smart grid projects, to create a common framework and structure for describing system 
requirements, functionalities, and interactions. This standard, specifically IEC 62559-2, 
provides a detailed use case template that allows stakeholders to document use cases 
in a structured and consistent way. 

Key Aspects of IEC 62559 in Use Cases: 

• Use Case Template: IEC 62559 standardizes the template for use cases, 
which includes sections such as the use case title, goals, actors, 
preconditions, triggers, main and alternative flows, and postconditions. 
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This helps in ensuring a clear understanding of the system’s functional 
requirements and expected behaviour. 

• Systematic Approach: The template guides users through describing the 
processes, actors, and steps in a way that emphasizes interactions between 
components in complex systems. This systematic approach is especially valuable 
for projects that integrate multiple technologies, such as renewable energy 
sources, storage, and demand management. 

• Facilitates Interoperability: By standardizing use case descriptions, IEC 62559 
promotes interoperability among different systems and components. This is 
particularly important in energy systems where components need to work 
seamlessly together. 

• Alignment with Stakeholders: It provides a clear format that various 
stakeholders can understand, from technical engineers to business managers. 
This shared understanding is crucial for aligning project goals and ensuring that all 
participants have a common view of requirements and functionalities. 

 

The following table summarizes all the use cases addressed in this document, sorted by 
demonstration site, presenting their scopes and objectives. 

Demo Site  UC Use case Scope 

Aqueous HESS 
demonstration 

UC1 Load Levelling 
for Electric 
Vehicle (EV) 
Charging 

ESS can be used to smooth out 
fluctuations in energy demand 
caused by charging electric 
vehicles, thereby reducing strain on 
the grid, and optimizing the use of 
renewable energy resources. 

UC2b Energy arbitrage Electricity is purchased at low cost 
during off-peak periods, stored and 
then sold at a higher price during 
peak periods. 
This use case overlaps with UC3:  
Storage for energy-oriented services 
(intraday): Intra-day storage for local 
load balancing 

UC5a Self-
consumption 
maximization 

The stored energy of the HESS can 
be used during periods when 
production is lower than 
consumption, to maximize the use 
of generated renewable energy in 
the local grid and reducing reliance 
on non-renewable grid power, while 
also reducing overall cost. 
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Salt-based HESS 
demonstration 

UC2a Optimized 
Dispatch of 
Production and 
Storage Assets 

Achieving an optimized dispatch of 
production and storage assets 
involves coordinating their 
operation to minimize energy costs 
and enhance renewable energy 
penetration in the grid. 
This use case overlaps with UC3:  
Storage for energy-oriented services 
(intraday): Intra-day storage for local 
load balancing 

UC4 Support for grid 
regulation 
services 

ESS with proper frequency 
regulation capabilities, and with a 
long enough delivery period, can 
provide spinning reserve for 
dispatch solutions. In island 
systems, this allows to increase RES 
penetration by reducing the need to 
dispatch additional thermal units, or 
to curtail intermittent renewable 
sources, to ensure the spinning 
reserve criteria. Moreover, by being 
explored as grid forming units, the 
ESS bring additional stability to 
island systems and may avoid the 
need of additional dispatch of 
synchronous thermal units for 
system stability reasons, enabling 
larger RES integration or even 
dispatch solutions with 100% RES 
production. 

UC5a Self-
consumption 
maximization 

The stored energy of the HESS can 
be used during periods when 
production is lower than 
consumption, to maximize the use 
of generated renewable energy in 
the local grid and reducing reliance 
on non-renewable grid power, while 
also reducing overall cost. 

HESS Retrofitting UC2a Optimized 
Dispatch of 
Production and 
Storage Assets 

Achieving an optimized dispatch of 
production and storage assets 
involves coordinating their 
operation to minimize energy costs 
and enhance renewable energy 
penetration in the grid. 

UC3 Storage for 
energy-oriented 

This involves storing excess energy 
generated from intermittent 
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services (intra 
day): Intra-day 
storage for local 
load balancing 

renewable sources, which would be 
curtailed otherwise, and supplying it 
to the local grid, in the same day, 
when demand is high or during 
periods of low renewable energy 
generation, thereby maximizing the 
utilization of renewable resources in 
a daily basis. 

UC5a Self-
consumption 
maximization 

The stored energy of the HESS can 
be used during periods when 
production is lower than 
consumption, to maximize the use 
of generated renewable energy in 
the local grid and reducing reliance 
on non-renewable grid power, while 
also reducing overall cost. 

UC5b Storage 
extension: Intra 
week storage for 
local load 
balancing 

By providing weekly flexibility, 
storage extension allows factories 
and businesses to balance their 
energy consumption over the 
course of the week, optimizing 
energy usage and reducing reliance 
on the grid during peak periods. 

 

3.3 DEMO SITE 1: AQUEOUS HESS  

3.3.1 Description of SONAE CAMPUS, Maia, Portugal 
The pilot project, located in Maia within the Porto Metropolitan Area at the Sonae Campus 
business park, includes office buildings, a chipboard factory, refrigeration systems for a 
logistics hub, and a diverse array of companies, along with two EV charging hubs (AC 7.4 
kW, AC 22 kW, DC 160 kW). The installed infrastructure features a Capwatt Energy 
Management System, which integrates assets from one of the Sonae Campus feeders 
and provides advanced supervision, remote operation, and comprehensive electricity 
management and dispatch capabilities. 

The site receives electricity through a 15 kV medium voltage connection. It also features 
a 7.4 MW cogeneration plant with a natural gas Otto cycle engine, which generates 
electricity for the grid and can operate the entire campus in island mode during grid 
disconnection. It is equipped with a self-consumption photovoltaic (PV) plant with a 
capacity of 1 MWp, as well as a smaller 250 kWp mini-PV system. The site is developing 
a renewable energy community for collective self-consumption. Current storage systems 
include a 320 kW/798 kWh Li-ion ESS for energy arbitrage and peak shaving. Currently, 
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the on-site energy production amounts to 1.3 GWh per year, while the total energy 
consumption is approximately 5.5 GWh per year. 

There is under registration and development the implementation of a renewable energy 
community (collective self-consumption) among the 3 sites that constitute the Sonae 
Campus, which will allow the share of energy between different companies that consume 
and own PV plants and maximize the use of renewable energy.   

Planned Installations in the Project: New Aqueous Hybrid Energy Storage Systems 
(AHESS) will be installed, featuring a Vanadium Redox Flow Battery (VRFB) with a capacity 
of approximately 400 kWh, complemented by a Supercapacitor with a power output of 
100 kW for short-duration energy bursts lasting 20 seconds. 

2.3.2. UC1:  Load Levelling for Electric Vehicle charging 

Description of the use case 
ID Area domain Name of use case 
UC1 Microgrid/Power system Load Levelling for Electric Vehicle (EV) 

Charging 
Short description  
ESS can be used to smooth out fluctuations in energy demand caused by charging 
electric vehicles, thereby reducing strain on the grid, and optimizing the use of 
renewable energy resources.  
 
Complete description 
The charging of electric vehicles may be necessary at times when renewable energy is 
not available, or it exceeds the capabilities of the grid connection. By adding an energy 
storage system, energy can be buffered so it can be stored when renewable energy is 
available, or electricity demand is low and discharged into the vehicles to smooth out 
peaks in demand. This means that existing grid connections do not need to be 
expanded to accommodate the needs of the charging station or that the supply of 
renewable energy is decoupled from the charging schedules of the electric vehicles.  
Energy Storage Systems (ESS) can play a crucial role in managing the fluctuations in 
energy demand caused by electric vehicle (EV) charging. By using batteries, ESS can 
prevent load peaks that occur when multiple EVs are charging simultaneously, thus 
reducing strain on the electrical grid, and optimizing the integration of renewable 
energy. 
Here is how it works specifically for SONAE CAMPUS: 

• Preventing Load Peaks: When EVs are charging and the demand on the grid 
approaches its capacity limits, the ESS can discharge stored energy to supply 
power, preventing sudden spikes in grid demand. This helps maintain grid 
stability and avoids the need for costly upgrades to the grid infrastructure. 

• Optimal Charging of ESS: The ESS can be charged during times when the grid 
demand is low, or when energy is abundant and cheap—such as during periods 
of high renewable energy generation (e.g., during sunny or windy conditions). 
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This ensures that the battery is ready to supply energy when demand from EV 
charging is high. 

• Capacity and Power Matching: The capacity and power output of the ESS should 
be carefully matched to the specific charging requirements of the EVs and the 
capabilities of the grid connection. This ensures that the ESS can effectively 
manage the load without overburdening the grid or running out of stored energy 
when it is needed most. 

In essence, by strategically charging and discharging the ESS, it is possible to smooth 
out the fluctuations in energy demand from EV charging, thereby enhancing grid 
reliability, reducing costs, and maximizing the use of renewable energy sources. 
 

Diagram of use case  
Diagram Name 
UC1: Load Levelling for Electric Vehicle (EV) Charging 
Diagram Type 
Use case overview diagram 
Diagram Caption 
overview of optimal operation of load levelling for electric vehicle charging 
Diagram 

 
 

Technical details 
Actors 

Actor Name  Actor 
Type  

Actor Description  Further 
information 
specific to this 
Use Case  
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System 
operator 

Supplier Operator responsible for ensuring 
technical operation of the microgrid.  
Will be responsible for validating day-
ahead microgrid operation plan. 

Active 

EMS system  Active 
Battery  Physical 

resources 
Energy storage system  
Stores and provides energy  
Constraints when battery is full or 
empty  

Passive 

Charging 
station  

Device Optimizing the flow of energy  
System operator/optimizer (?)  

 Passive  

Renewable 
power source  

Physical 
resources  

Provides energy when available  
Intermittent generation  

 Active 

Energy 
supplier/ Grid 
connection  

Physical 
resources  

Provides energy Subject to load 
restrictions  

Passive 

Energy 
consumer: 
Electric 
vehicles  

End user Consumes energy  
Charging may surpass grid 
capabilities  

Passive 

 

Scenario overview 

Scenario 1 

Scenario name Optimized Energy Management for EV Charging 
Primary actor Energy Management System (EMS) 
Triggering event High demand for EV charging or detection of surplus solar PV 

energy production. 
Pre-condition The EMS is active, and the AHESS is charged. Solar PV is 

generating surplus energy, and EVs are connected to the 
charging stations. 

Post- condition EVs are charged using optimized energy sources, peak demand 
is reduced, and the AHESS is ready for the next cycle. 

Scenario 2 

Scenario name Cost-effective Energy storage through Wholesale Market 
Price Monitoring 

Primary actor Energy Management System (EMS) 

Triggering event A drop in wholesale electricity prices triggers the EMS to 
initiate a charging cycle for the AHESS. 

Pre-condition The EMS is actively monitoring market prices, the AHESS 
has charging capacity available, and there is no 
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immediate demand for EV charging or other high-priority 
loads. 

Post- condition The AHESS is charged at a low cost, storing energy that 
can later be used during peak hours to reduce grid 
reliance and overall energy costs. The EMS logs the 
transaction for cost optimization records and prepares 
for the next cycle. 

 

Key performance indicators (KPIs) 

Name Description 
Renewable Energy 
Utilization 

The percentage of EV charging energy that comes from 
renewable sources. This KPI measures how effectively the 
system is using renewable energy to charge EVs. 

Grid Stability Metrics related to the impact of load levelling on overall grid 
stability, such as the reduction in frequency fluctuations or 
voltage variations during peak load periods. 

Charging 
Infrastructure 
Utilization 

The percentage of time EV charging stations are in use, 
especially during off-peak hours, indicating the effectiveness 
of load distribution. 

Peak Load Reduction By spreading out charging times (load levelling), the energy 
system can reduce these peak demands, enhancing grid 
stability and reducing demand charges. 

Renewable 
Curtailment 
Reduction 

Charging EVs when renewable generation is high allows more 
renewable energy to be used instead of being curtailed. 

ESS Capacity 
Utilization or State of 
Charge (SoC) 
Availability 

An energy storage system (ESS) can support EV charging by 
managing charge and discharge cycles in response to EV 
load levelling needs, ensuring adequate SoC for peak EV 
demands, or storing excess renewables for later charging 
periods. 

 

Step by step analysis of use case 
Use case conditions 
Assumptions 
Availability of PV Production: The site is equipped with sufficient photovoltaic (PV) 
production capacity to charge existing ESS. The energy curtailed   can be used to charge 
the Advanced Hybrid Energy Storage System (AHESS) and EVs. 
Peak Shaving Capability: The AHESS has sufficient power to effectively perform peak 
shaving, thereby reducing the site's overall peak demand and associated energy costs. 
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Arbitrage Potential: The site has the potential to benefit from energy arbitrage, where 
energy is stored when prices are low and discharged when prices are high, leading to 
cost savings. 
Demand for EV Charging: There is consistent and significant demand for EV charging at 
the site, which necessitates load levelling to optimize energy use and reduce costs. 
Prerequisites 
Installation of AHESS: The AHESS must be fully installed, commissioned, and 
integrated with the existing PV production and EV charging infrastructure and the 
existing ESS system 
Reliable Data Collection: A robust metering and monitoring system must be in place to 
accurately measure energy production, storage, and consumption, as well as to 
monitor grid conditions. 

Information exchanged  
Scope 
Use battery to prevent load peaks when electric vehicles are charging, charge battery 
when grid load is below its capacity limits or energy is abundant/cheap. The capacity 
and power of the battery should be related to the charging requirements of the vehicles 
and the capabilities of the grid connection.  
Objective(s) 
Grid Stability To minimize the impact of EV charging on the power grid 
Renewable Energy Utilization To maximize the use of renewable energy sources by 
aligning EV 
Demand Response Integration To enable participation in demand response programs, 
where EV charging can be adjusted in real-time based on grid conditions 
Possible related business case(s)  
Energy Community as Flexibility Aggregator 
Avoidance of grid capacity expansion for EV charging  
Reduction of energy cost by increasing the use of renewable energy  

Interconnection with other UCs 
Relation to other use cases 

• UC3: Storage for energy-oriented services (intraday): Intra-day storage for 
local load balancing: rely on strategically managing stored energy to supply 
EV charging 

• UC5a: Self-consumption maximization: optimizing energy use on-site to 
maximize renewable energy utilization, reduce grid dependency, and 
ensure efficient energy distribution for EV charging 

Level of depth 
High level use case 
Prioritization 
Strategic 
Generic, regional, or national relation 
Generic use case for renewable generation and EV charging all over the world  
Nature of the use case  
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High level use case 
Further keywords for classification 
Load levelling, peak shaving, EV charging  

3.3.3. UC2b: Energy Arbitrage 

Description of use case 
ID Area domain Name of use case 
UC2b Power system Energy arbitrage 
Short description  
Energy arbitrage is the process of buying electricity or energy products when prices are 
low and selling them when prices are high to generate a profit.  
Complete description 
Energy arbitrage is a strategic approach to energy management, particularly relevant 
for sites with a time-of-use (ToU) tariff structure, where electricity prices vary 
throughout the day, or those with on-site renewable energy generation, such as the PV 
systems installed at Sonae Campus. However, energy arbitrage is not limited to ToU 
structures; it can also be practiced in various energy markets, including wholesale 
electricity markets, day-ahead and real-time markets, capacity markets, and even 
peer-to-peer (P2P) markets. By leveraging the pricing variations, the site owner can buy 
or produce energy during periods of low cost (such as midday when solar generation is 
high or during off-peak hours), store it in the battery system, and then either consume 
or sell the stored energy back to the grid when prices rise during peak demand periods. 
In essence, energy arbitrage allows the site owner to capitalize on market inefficiencies 
by: 
 

1. Temporal Price Shifts: Utilizing the BESS to store energy during periods of low 
grid prices or high renewable production. The stored energy is then used or sold 
during peak price windows, typically during late afternoon or evening when 
demand is high. 

2. Peak Shaving: The system also supports peak shaving, where the battery 
discharges during times of peak consumption, avoiding high peak demand 
charges and reducing operational costs. 

3. Energy Independence and Resilience: When the grid is unstable or prices are 
excessively high, the site owner can shift to islanding mode with the support of 
the co-generation plant, maintaining energy independence while mitigating grid-
related risks. 

4. Optimizing Renewable Integration: As the renewable energy community 
evolves, the campus will also be able to share surplus energy generated by PV 
systems across different buildings, further enhancing the opportunity for energy 
arbitrage. This shared energy model ensures that any excess solar energy is 
used optimally within the community, maximizing self-consumption, and 
minimizing reliance on grid energy, particularly during high-tariff periods. 
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Energy arbitrage at the Portuguese Pilot is not only a cost-saving mechanism but also a 
means for the site owner to actively participate in energy markets, making the site more 
resilient, flexible, and sustainable in the face of fluctuating energy prices. 
 

Diagram of use case  
Diagram Name 
UC2b: Energy arbitrage 
Diagram Type 
Use case overview diagram 
Diagram Caption 
overview of optimal operation of energy arbitrage  
Diagram 

 

 
 

Technical details 
Actors 

Actor Name  Actor Type  Actor Description  Further information 
specific to this Use 
Case  

Energy 
Management 
System (EMS) 

Software/ 
System 

A centralized platform 
that optimizes energy 
generation, 
consumption, and 
storage based on market 
conditions. 

Active 
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pcs developer  Device  PCS draws and injects 
active and reactive power 
from and to the grid 
making use of the energy 
storage system.  

Passive 

Utility 
Company 

 

External 
Stakeholder 

distribution and 
transmission of 
electricity to end-users 

Active 

Site 
Owner/Facility 
Manager 

Human/ 
Organization 

organization responsible 
for managing energy 
resources at the site. 

Active 

Market 
Operator 

External 
Stakeholder 

The organization that 
facilitates the trading of 
energy within the market. 

Active 

Scenario overview 

Scenario 1 

Scenario name   Real Time Energy Arbitrage for demand peak shave 
Primary actor Energy Management System (EMS) 
Triggering event electricity market prices, signalling a high demand period where 

energy is expensive. 
Pre-condition The EMS is monitoring real-time market prices, and the AHESS has 

stored energy ready for dispatch. The facility is experiencing or 
anticipating a peak in demand, and peak shaving is beneficial for 
cost management. 

Post- condition The EMS dispatches energy from the AHESS to the facility load, 
reducing demand from the grid during high-cost periods. This 
minimizes peak charges and reduces overall energy costs. The 
EMS logs the transaction, and the AHESS enters a recharge cycle 
to prepare for future demand peaks. 

Scenario 2 

Scenario name Day Ahead market arbitrage for Predictive cost optimization 

Primary actor Energy Management System (EMS) 

Triggering event A forecast from the day-ahead market indicates a period of low 
prices, presenting an opportunity for advance energy 
purchasing and storage. 

Pre-condition The EMS is actively monitoring day-ahead market forecasts and 
has identified low-price periods. The AHESS has sufficient 
capacity for charging, and operational requirements allow for 
advance charging. 
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Post- condition The AHESS is charged with low-cost energy based on the 
forecasted prices, storing energy to be used, or sold later during 
higher price periods. The EMS records the transaction, and the 
AHESS is prepared for optimized energy dispatch when prices 
rise. 

 

 

Key performance indicators (KPIs) 

Name Description 
Market Volatility The success of energy arbitrage depends heavily on accurate 

market predictions and the ability to respond quickly to price 
changes 

Revenue from 
Energy Sales 

Total revenue generated from selling stored energy back to the 
grid during peak pricing periods. 

Cost Savings Total monetary savings achieved through energy arbitrage 
compared to baseline costs. 

Renewable 
Energy Utilization 
Rate  

The Renewable Energy Utilization Rate measures the percentage 
of renewable energy generated by the plant that is effectively 
utilized for energy arbitrage or direct consumption, compared to 
the total energy produced by the plant over a specific period. 

Energy Storage 
Utilization Rate 

Percentage of available energy storage capacity actively used for 
energy arbitrage. 

Grid 
Independence 
Ratio 

Ratio of energy sourced from ESS compared to total energy 
consumption. 

Degradation Rate measure the reduction in storage capacity and efficiency over 
time due to frequent charge-discharge cycles 

Step by step analysis of use case 
Use case conditions 
Assumptions 
Availability of Market Data: Real-time or day -ahead and accurate data on electricity 
prices is available for making informed arbitrage decisions. 
Infrastructure Readiness: The infrastructure, including charging systems and grid 
connections, is in place and functional. 
Stable Energy Market: The energy market is relatively stable, allowing for predictable 
patterns in price fluctuations. 
unexpected price spikes, forecast inaccuracies 
Prerequisites 
Energy Management System (EMS): A functioning EMS to monitor, control, and 
optimize the charging and discharging of the ESS based on market conditions. 
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Forecasting Tools: Tools and algorithms for forecasting energy prices and predicting 
future market trends. 
Flexible Resource Allocation: The ability to adjust resource allocation in response 
to sudden changes in demand or price spikes is essential. 
Data Integration: Integration of real-time data feeds for energy prices, consumption, 
and storage levels into the EMS. 

Information exchanged  
Scope 
Buying and storing energy when the price is low and selling or using it when the price is 
high  
Objective(s) 
Minimizing the cost of energy/generating a profit by buying and selling energy and long-
term-grid independence 
Possible related business case(s)  
None 

Interconnection with other UCs 
Relation to other use cases 
UC2a: Optimized Dispatch of Production and Storage Assets &Storage for energy-
oriented services : Achieving an optimized dispatch of production and storage assets 
involves coordinating their operation to minimize energy costs and enhance 
renewable energy penetration in the grid. 
Level of depth 
High level use case 
Prioritization 
 Operational 
Generic, regional, or national relation 
Generic use case where time-of-use tariffs apply  
Nature of the use case  
Business 
Further keywords for classification 
Time-of-use tariff, buying and selling electrical energy  

 

3.3.4 UC5a:  Self-consumption maximization  

Description of use case 
ID Area domain Name of use case 
UC5a Microgrid/Power system Self-consumption maximization 
Short description  
Due to the intermittent nature of renewable energy production, energy cannot always 
be used when it is produced. To maximize the use of locally produced renewable 
energy, it is stored when a surplus is produced, to be used later, when the load exceeds 
the renewable production.  
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Complete description 
The Self-Consumption Maximization use case at Sonae Campus leverages the 
combination of solar PV energy and energy storage systems (ESS) to reduce grid 
dependency and optimize the use of renewable energy. As the campus features a 1 MW 
solar PV plant and an additional 250 kW micro-generation PV plant, the focus is on 
ensuring that this renewable energy is consumed locally whenever possible. However, 
due to the intermittent nature of solar energy, not all energy produced can be used 
immediately when generated and excess energy cannot always be sold back to the grid. 
To address this challenge, the Energy Management System (EMS) directs surplus 
energy into energy storage systems such as the 320 kW/798 kWh Li-ion battery, which 
stores excess solar energy when generation exceeds demand. This stored energy is 
discharged during periods of higher demand or when solar production is low, 
minimizing grid reliance and ensuring energy cost savings. 
Furthermore, the site will install new advanced storage systems, including a 400 kWh 
Aqueous Hybrid Energy Storage System (AHESS) with Vanadium Redox Flow Battery 
(VRFB) and a 100 kW supercapacitor. These systems allow longer-duration storage 
cycles (greater than 12 hours), supporting continuous energy supply and efficient peak 
load management. This enables the campus to handle larger energy loads, such as EV 
charging hubs, while maintaining optimized renewable energy use. 
By balancing renewable energy generation, storage, and real-time consumption, the 
campus achieves the following goals: 

• Maximize renewable energy self-consumption by storing surplus energy. 
• Reduce grid electricity consumption during peak periods. 
• Lower energy bills through energy arbitrage and peak shaving. 
• Support sustainability goals by increasing the share of green energy in daily 

operations. 
The EMS also integrates with the Capwatt Metering and Control Center, ensuring real-
time supervision and remote management of energy assets, providing insights into 
energy consumption patterns, and optimizing the overall energy flow within the 
campus. 
The self-consumption maximization use case represents a practical solution to the 
challenges posed by intermittent renewable energy production, leveraging ESS 
technologies to create a sustainable and energy-efficient business campus. 
 

Diagram of use case 
Diagram Name 
UC5: Self consumption maximization 
Diagram Type 
Overview of use case 
Diagram Caption 
overview of optimal operation of Self consumption maximization 
Diagram 
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Technical details 
Actors 

Actor Name  Actor Type   Actor Description  Further 
information 
specific to 
this Use 
Case  

Energy 
Storage 
System (ESS) 

resources Stores surplus renewable energy and 
discharges it during periods of low 
generation or high demand to 
maximize self-consumption. 

Active 

Energy 
Management 
System (EMS) 

Administrator Monitors and optimizes the flow of 
energy between generation, storage, 
and consumption, ensuring that self-
consumption is maximized 

Active 

PV Plants resources Generates renewable energy to be 
used on-site, with surplus energy 
stored in the ESS. 

Active 

Grid supplier Acts as a backup energy source when 
renewable generation and stored 
energy are insufficient to meet 
demand. 

Active 

Consumers End user Utilize the generated and stored 
energy, with a preference for 
renewable sources, to meet their 
energy needs. 

active 
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Key performance indicators (KPIs) 

Name Description 
Self-Sufficiency 
Rate 

Percentage of total energy demand covered by on-site 
renewable energy generation. 

Grid Energy Usage 
Reduction 

Reduction in grid energy consumption due to increased use of 
on-site renewable energy. 

Battery Energy 
Utilization 

Percentage of stored energy in the battery used for self-
consumption. 

Peak Demand 
Reduction 

Reduction in peak grid energy demand by using on-site 
renewable energy during peak periods 

Cost Savings from 
Self-Consumption 

measures the financial savings achieved by utilizing generated 
energy (such as from renewable sources) for on-site 
consumption instead of purchasing electricity from the grid. 

Carbon Emissions 
Reduction 

measures the decrease in carbon dioxide (CO2) emissions 
achieved by utilizing renewable energy sources instead of fossil 
fuels for electricity generation 

 

Scenario overview 

Scenario 1 

Scenario name Self-Consumption Maximization 
Primary actor Energy Management System (EMS) employs decision heuristics 

(e.g., thresholds for SOC, demand levels, and price margins) to 
automatically toggle between direct consumption and storage. if 
demand is high or grid prices are favourable, the EMS prioritizes 
immediate consumption or dispatches stored energy to meet 
demand. 

Triggering event Surplus renewable energy production or increase in on-site energy 
demand. 

Pre-condition The EMS is operational and monitoring the renewable energy 
system and load demand.  
Renewable energy sources (e.g., PV system) are generating 
electricity.  
Energy storage system (if available) is charged or ready to store 
energy. 

Post- condition On-site energy consumption is maximized using renewable 
energy, minimizing grid energy usage.  
Energy storage is used to store excess energy, if applicable, for 
later use.  
Renewable energy utilization is optimized, reducing energy costs 
and reliance on grid electricity. 

Scenario 2 

Scenario name  Surplus Renewable Energy Storage for Later Use 
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Primary actor Energy Management System (EMS) 
Triggering event The EMS detects a surplus of renewable energy generation 

during a period of low on-site demand, presenting an 
opportunity to store energy for later use. 

Pre-condition Renewable generation is producing power beyond immediate 
on-site need. At the same time, the on-site storage system, 
(AHESS), has sufficient available capacity to store the excess 
energy. Meanwhile, the Energy Management System (EMS) is 
actively monitoring real-time demand, renewable generation 
levels, and storage capacity to optimize energy utilization and 
enhance self-consumption. 

Post- condition Surplus renewable energy is stored in the AHESS, to be 
discharged when demand increases or when grid prices are 
higher. Reducing the site's overall energy costs and reliance on 
external electricity. 
The EMS logs the transaction, tracks savings, and prepares the 
system for subsequent cycles of energy production and 
storage. 

 

 

Step by step analysis of use case 
Use case conditions 
Assumptions 
Solar energy generation is intermittent and does not always match demand.  
Energy surplus occurs when solar PV production exceeds campus load demand, 
especially during periods of low demand or high sunlight.  
Stored energy will be used when solar production is lower than demand. 
Prerequisites 
The Capwatt Metering and Control Center should be operational for real-time 
monitoring and control of all energy assets.  
Adequate supervision and dispatch infrastructure should be in place for remote 
operation and peak shaving management. 

Information exchanged 
Scope 
Maximizing self-consumption of renewable energy at the site of production  
Objective(s) 
Minimize energy cost, reduce strain on the grid  
Possible related business case(s) 
Reduction of energy cost by increasing the use of renewable energy  

Interconnection with other UCs  
Relation to other use cases 
Not applicable 
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Level of depth 
High level use case 
Prioritization 
Strategic 
Generic, regional, or national relation 
Generic use case where time-of-use tariffs apply  
Nature of the use case  
Business 
Further keywords for classification 
Demand-Side Management, Load Management 

3.4 DEMO SITE 2: SALT-BASED HESS DEMONSTRATION  

3.4.1 Description of Santa Cruz da Graciosa, Azores, Portugal 
Graciólica 

Graciosa Island features a highly advanced micro-grid with a 4.5 MW wind farm, a 1 MW 
solar park, and a 2.6 MWh battery system, producing around 9 GWh of renewable energy 
annually, compared to the island’s total consumption of 14 GWh. This project 
significantly reduces diesel consumption, aiming to cut over 2 million litres of diesel 
annually. Future developments include the integration of a 250 kW/750 kWh salt-based  
energy storage system and a 250 kW/10s aqueous supercapacitor. These additions are 
expected to reduce curtailment, increase renewable penetration by 2.5%, and improve 
overall grid flexibility. The energy management system ensures better grid stability, 
frequency regulation, and optimized asset dispatch, with an aim to operate on 100% 
renewable energy. 

3.4.2 UC2a:  Optimized Dispatch of Production and Storage Assets: 
Storage for energy-oriented services (intraday) 

Description of use case 
ID Area domain Name of use case 
UC2a Microgrid/Power 

system 
Optimized Dispatch of Production and Storage Assets: 
Storage for energy-oriented services (intra day) 

Short description  
This use case focuses on the optimized management and dispatch of production and 
storage assets within the Graciosa Island microgrid. By leveraging advanced energy 
management strategies, the system aims to balance supply and demand while 
maximizing the use of renewable energy resources. The goal is to enhance grid stability, 
minimize operational costs, and provide effective energy-oriented services to meet the 
varying load requirements of the island. 
Complete description 
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The Optimized Dispatch of Production and Storage Assets for Energy-Oriented Services 
use case is centred around enhancing the operational efficiency of Graciosa Island's 
microgrid by intelligently managing and dispatching various energy production and 
storage assets. The island features a hybrid system comprising renewable energy 
sources (such as a 4.5 MW wind farm and a 1 MW solar PV plant), a 2.6 MWh LTO battery 
storage system, and a planned salt-based hybrid energy storage system (SHESS). 
The objective of this use case is to  adapt a sophisticated Energy Management System 
(EMS) that can optimize the dispatch of these assets in real-time based on demand 
fluctuations, renewable energy availability, and grid conditions. By using advanced 
algorithms and predictive modelling, the EMS will ensure that energy is produced and 
dispatched efficiently to meet the island's consumption needs, particularly during peak 
demand periods. 
The current use case is already deployed in the island grid. However, the additional 
storage capacity provided by the salt battery will help to reduce the existing curtailment 
and deliver more variable RES to the grid that otherwise would be curtailed. This results 
also in the reduction of usage of the diesel engines, reducing C02 emissions to the 
atmosphere. 
Key activities within this use case include: 

• Real-time monitoring of energy production and consumption patterns to 
facilitate dynamic adjustments in dispatch. 

• Load forecasting to anticipate energy demand and plan for optimal production 
and storage utilization. 

• Dispatch optimization to prioritize renewable energy usage while minimizing 
reliance on diesel generation, thereby reducing operational costs and 
emissions. 

• Grid service provision, ensuring that the system can respond effectively to grid 
disturbances and maintain stability. 

By achieving an optimized dispatch of production and storage assets, this use case 
aims to increase the overall renewable penetration rate, enhance the reliability of the 
microgrid, and provide robust energy-oriented services to the local population. The 
ultimate goal is to create a sustainable energy ecosystem that supports the island's 
energy needs while minimizing environmental impact. 
 

Diagram of use case 
Diagram Name 
Optimized Dispatch of Production and Storage Assets & Storage for energy-oriented 
services (intraday) 
Diagram Type 
Overview Diagram 
Diagram Caption 
overview of Optimized dispatch of production and storage Assets & storage for 
energy-oriented services (intraday)   
Diagram 
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Technical details 
Actors 

Actor 
Name  

Actor Type  Actor Description  Further information 
specific to this Use Case  

Renewable 
Energy 
Source  

resources   Available RES power is 
delivered to the grid. 
Excess of power will be 
used to charge the BESS 
and delivered it back to the 
grid when renewable RES is 
not enough to cover 
demand  

Active 

ESS  resources stores surplus electricity 
and dispatches if 
necessary  
This dispatch function 
supports grid reliability and 
helps manage peak loads, 
contributing to overall 
energy efficiency. 

  Passive 

EMS  Administrator Algorithm that will perform 
the automated dispatch of 
the asset´s  
EMS allowing operators to 
anticipate issues and 

  Active 
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respond proactively to 
changing conditions 

PCS  resources  PCS draws and injects 
active and reactive power 
from and to the grid making 
use of the energy storage 
system.  

Passive.  

 

Scenario overview 

Scenario 
name 

Optimized Dispatch of Production and Storage Assets for 
Energy-Oriented Services 

Primary actor Energy Management System (EMS) 
Triggering 
event 

Surplus renewable energy production or grid demand for energy-
oriented services 

Pre-
condition 

EMS is active and monitoring the grid and on-site assets  

Post- 
condition 

• Optimized dispatch of energy production and storage 
assets. 

• Renewable penetration is maximized, and grid services are 
provided. 

• System readiness for next cycle. 
• Reduction in Diesel Generation 
• Operational costs associated with energy procurement and 

management are reduced. 
• Optimized asset usage, lowering maintenance costs 

through efficient scheduling. 
 

 

Key performance indicators (KPIs) 

Name Description 
Load Levelling 
Effectiveness 

Measures the reduction in peak demand due to optimized 
dispatch of storage and generation assets 

Renewable Energy 
Penetration (%) 

Measures the percentage of total energy consumption 
covered by renewable energy sources 

Energy Cost Savings Quantifies the financial savings from energy cost reductions 
achieved through optimized energy dispatch . 

Step by step analysis of use case  
Use case conditions 
Assumptions 
Forecast Accuracy: Accurate forecasting models for renewable energy production 
and load demand are in place to ensure efficient dispatch of energy resources. 
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Prerequisites 
Monitoring and Control Infrastructure: Monitoring systems for real-time data on 
production, consumption, and storage status must be in place to facilitate decision-
making and system control. 
Necessary agreements with the grid operator or utility company for providing ancillary 
services and participating in energy  production are established. 

Information exchanged 
Scope 
Optimize RES generation with BESS and demand 
Objective(s) 
Store excess of RES generation and deliver it to the grid later when the RES 
generation is not enough to meet demand  
Possible related business case(s)  
Energy Community as Flexibility Aggregator 
Energy Community as an Energy Service Company (ESCO) offering energy 
management services 
Prosumer engagement 
Hybrid power plants to increase RES in island grids 

Interconnection with other UCs  
Relation to other use cases 
UC3: Storage for energy-oriented services (intraday): Intra-day storage for local load 
balancing. The optimized dispatch of production and storage assets can be seen as 
the broader strategy that sets the stage for intra-day storage operations. When the 
EMS identifies surplus production, it can decide to store this energy for later use, 
which directly supports the load balancing objectives of the intraday storage use 
case. 
Level of depth 
 High, depending on the amount of detail in the asset dispatch algorithms, control 
layers of the EMS, and technical specifications of the storage systems. 
Prioritization 
Operational 
Generic, regional, or national relation 
Generic 
Nature of the use case  
Business 
Further keywords for classification 
Dispatch Optimization 

 

3.4.3 UC4:  Support for grid regulation services 

Description of use case 
ID Area domain Name of use case 
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UC4 Microgrid/Power system Support for grid regulation service 
Short description  
This use case focuses on utilizing Energy Storage Systems (ESS) with advanced 
control capabilities to support grid regulation services  such as  frequency and voltage 
regulation, short-circuit current provision and grid-forming capabilities. By doing so, 
the need for thermal unit dispatch can be minimized, enabling greater renewable 
energy penetration, and increasing system stability, particularly in island grids 
Complete description 
In this use case, the Energy Storage System (ESS) is leveraged for grid regulation 
services, particularly for providing  frequency and voltage regulation, and short-circuit 
current provision. These services are critical in island grids where renewable energy 
sources (RES) are increasingly integrated. Besides, by acting as grid-forming units, ESS 
adds stability to the island system, reducing reliance on synchronous thermal units, 
which are traditionally required for grid stability. The optimized use of ESS supports the 
operation of island systems with higher levels of RES integration, potentially allowing 
for periods where the grid runs solely on renewable energy (100% RES production). This 
setup leads to reduced emissions, lower fuel costs, and a more sustainable energy 
system for isolated or islanded grids 
In this use case, additional grid resilience when facing grid transient events is expected 
to be provided by integrating the hybrid energy storage system comprising a salt battery 
and a supercapacitor. In particular, it is intended to demonstrate that the integration of 
the HESS will provide additional resilience when facing short-circuits on the 
distribution grid by providing additional fault current to the fault. It should be 
demonstrated also the contribution of the supercapacitor in providing voltage and 
frequency regulation. 
 

 

Diagram of use case 
Diagram Name 
Support for grid regulation services 
Diagram Type 
Overview Diagram 
Diagram Caption 
Overview diagram of Support for grid regulation services 
Diagram 
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Technical details 
Actors 

Actor 
Name  

Actor Type  Actor Description  Further information 
specific to this Use Case  

 (ESS) resources Grid-connected energy storage 
system that provides frequency 
and voltage regulation, short-
circuit current and grid-forming 
services 
ESS supports grid stability, 
enhances RES integration, and 
reduces the need for thermal 
units' dispatch 

Passive  

PCS  resources The PCS, which performs the 
interface of the ESS with the 
grid, draws and injects active 
and reactive power from and to 
the grid using the energy 
storage system 
The PCS requires EMS input for 
reference values 

Passive 

EMS  
Administrator 

Responsible for the secondary 
control loop of frequency and 
voltage .The EMS continuously 
monitors grid frequency 

Active 
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deviations and commands the 
ESS to charge or discharge as 
needed to counterbalance 
fluctuations, helping to stabilize 
the grid. 

 

Scenario overview 

Scenario name Support for Grid Regulation Services 
Primary actor Energy Storage System (ESS),  Power Conversion System (PCS) 

and EMS 
Triggering event  Active power disturbance, like load or generation loss or short-

circuit in the grid or voltage fluctuations 
Pre-condition ESS is connected to the grid , PCS is operational, EMS is actively 

managing system operations 
Post- condition Voltage and grid frequency is stabilized, and the stress in existing 

BESS is reduced.  
 

Scenario name Frequency Regulation via Energy Storage System (ESS) 
Primary actor Energy Storage System (ESS) with frequency regulation 

capabilities 
Triggering event A frequency deviation is detected on the grid, surpassing the 

acceptable threshold, prompting grid operators to request 
support from ancillary service providers 

Pre-condition • The ESS is connected to the grid and available for 
frequency regulation services. 

• The ESS has sufficient charge/discharge capacity and 
reserves based on the state of charge (SOC). 

• Communication and control systems are in place, 
enabling real-time responses to frequency deviations as 
instructed by the grid operator. 

Post- condition • The ESS successfully adjusts its output 
(charge/discharge) to restore grid frequency to the target 
range. 

• The ESS updates its SOC and logs the regulation activity. 
• A record of the frequency regulation event is 

communicated to the grid operator for settlement and 
performance verification. 

 

Key performance indicators (KPIs) 

Name Description 
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Grid Frequency 
Stability 

Measure  how effectively the new hybrid ESS maintains grid 
frequency and voltage  within acceptable limits . 

Reduction in the 
stress of the existing 
BESS 

Reduction in the stress of the existing BESS on the provision 
of grid stability regulation.  

Response Time to 
Grid Events 

Speed at which the hybrid ESS responds to grid frequency 
deviations and short-circuit events 

Step by step analysis of use case  
Use case conditions 
Assumptions 
PCS Functionality: The Power Conversion System (PCS) is capable of drawing and 
injecting active/reactive power as per local controls and EMS instructions and 
supports grid services. 
Prerequisites 
Communication Systems: A reliable communication network is required between the 
EMS, , and PCS´s  to ensure real-time data exchange and control. 
The Power Conversion System (PCS) must be integrated into the grid, capable of 
interfacing with the ESS and EMS. 

Information exchanged 
Scope 
Grid stability regulation  
Objective(s) 
Perform voltage and frequency regulation  
Reduce the stress in existing BESS by integrating the HBESS  
Possible related business case(s)  
Energy Community as Flexibility Aggregator 
Energy Community as an Energy Service Company (ESCO) offering energy 
management services 

Interconnection with other UCs  
Relation to other use cases 
None 
Level of depth 
Medium to High 
Prioritization 
Mandatory 
Generic, regional, or national relation 
Given the reach of this project, an international nature may be also included 
Nature of the use case  
Technical  
Further keywords for classification 
Grid stability  
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3.4.4 UC5a:  Self-consumption maximization 

Description of use case 
ID Area domain Name of use case 
UC5a Microgrid/Power system Self-consumption maximization 
Short description  
This use case focuses on increasing the use of locally generated renewable energy at 
the demo site. By leveraging energy storage systems (ESS), surplus energy from 
renewable sources like solar and wind is stored when production exceeds demand. The 
stored energy is then used during periods of low renewable generation or high 
consumption, reducing reliance on external power sources, and improving overall 
energy efficiency 
Complete description 
The Self-Consumption Maximization use case aims to optimize the usage of renewable 
energy produced locally at the Graciosa Island demo site, which includes a 4.5 MW 
wind park and a 1 MW solar park. Due to the intermittent nature of renewable energy 
production, the energy generated is not always consumed when it is produced. 
To tackle this, the site employs a 2.6 MWh lithium-titanate (LTO) battery storage system 
to store excess energy produced during periods of high renewable generation (such as 
windy or sunny days). The stored energy is then used during periods of low production 
or higher demand, such as at night or during peak consumption hours. The use case 
aims to reduce reliance on the 5.9 MVA diesel power plant, minimize energy imports, 
and lower operational costs, while maximizing the use of renewable sources. 
With the help of an advanced Energy Management System (EMS), the site can monitor, 
forecast, and control energy production, storage, and consumption. The EMS ensures 
optimal dispatch of renewable and stored energy to balance the grid, enhance the 
efficiency of energy consumption, and reduce carbon emissions. 
The demo will also incorporate the integration of a hybrid storage system, combining a 
salt-based energy storage system and aqueous supercapacitors to further increase the 
renewable energy penetration. This setup will allow the site to manage and optimize 
energy consumption more effectively, aligning with sustainability goals and reducing 
reliance on non-renewable sources 
 

 

Diagram of use case 
Diagram Name 
UC5/ Self consumption maximization 
Diagram Type 
Overview of use case 
Diagram Caption 
overview of  Self Consumption maximization  
Diagram 
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Technical details 
Actors 

Actor 
Name  

Actor Type  Actor Description  Further 
information 
specific to 
this Use 
Case  

 PCS resources The PCS draws and injects active and 
reactive power from and to the grid by 
managing the energy storage system. 
It ensures grid stabilization by regulating 
power flow 

Passive 

ESS resources The ESS works in tandem with the PCS, 
which handles power conversion. It 
stores energy during periods of excess 
generation and supplies it during high 
demand, optimizing renewable self-
consumption 

Active 

 EMS  Administrator The EMS monitors and controls energy 
flows between generation, storage, and 
consumption, including PCS operations. 
The EMS provides reference signals to 
the PCS and communicates with the grid 
operator. It ensures that energy is 
efficiently managed, prioritizing self-
consumption, and reducing diesel 
dependency 

Active 
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Grid 
Operator 

Supplier Responsible for the management and 
stabilization of the grid infrastructure, 
ensuring safe and efficient operation 
The grid operator interacts with the EMS 
and PCS, receiving grid regulation 
services such as frequency and voltage 
stabilization to maintain optimal grid 
performance. 

Active 

RES Producer These systems supply power to the ESS 
and the grid, with the EMS coordinating 
their output to match load demand or 
store excess energy 

Active 

Thermal 
Units 

Producer provides supplementary energy when 
both renewable generation and ESS 
capacity are insufficient to meet demand 

Passive 

 

Scenario overview 

Scenario 
name 

Self-Consumption Maximization 

Primary 
actor 

Energy Management System (EMS) 

Triggering 
event 

Detection of surplus renewable energy generation or high energy 
demand from connected consumption assets, prompting the EMS to 
optimize energy distribution. 

Pre-
condition 

The EMS is active, the Energy Storage System (ESS) is charged, 
renewable energy generation is exceeding current consumption, and 
the PCS is operational. 

Post- 
condition 

Renewable energy is maximally utilized, reducing reliance on non-
renewable sources. The ESS is charged during surplus generation and 
discharges during high demand, improving overall energy efficiency. 

 

Key performance indicators (KPIs) 

Name Description 
System Response 
Time 

Measures the time taken by the EMS and PCS to respond to 
changes in energy generation or demand. 

Reduction in Diesel 
Usage 

Quantifies the decrease in diesel consumption as a result of 
increased renewable energy utilization. 

Percentage of Self-
Consumption 

Measures the ratio of energy consumed on-site from 
renewable sources compared to total energy consumption. 

Step by step analysis of use case  
Use case conditions 
Assumptions 
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Functional EMS and PCS: The Energy Management System (EMS) and Power 
Conversion System (PCS) are assumed to be fully operational and capable of real-time 
monitoring and control. 
Prerequisites 
Data Monitoring Infrastructure: A robust metering and monitoring system must be in 
place to track energy generation, consumption, and storage levels. 
System Integration: The EMS must be fully integrated with the ESS and PCS for 
coordinated operation. 

Information exchanged 
Scope 
Decarbonize auxiliary loads consumption   
Objective(s) 
Enhance use of RES generation to feed auxiliary loads   
Possible related Business Case(s) 
Energy Community as an Energy Service Company (ESCO) offering energy 
management services 
Hybrid power plants to increase RES in island grids 

Interconnection with other UCs  
Relation to other use cases 
Energy arbitrage 
Level of depth 
Medium Depth 
Prioritization 
Medium, depending on having metering of the hybrid power plant auxiliar loads and 
proper detailed dispatch algorithm  
Generic, regional, or national relation 
Generic 
Nature of the use case  
Operational/Strategic 
Further keywords for classification 
Load management, Energy storage systems (ESS), Energy management systems 
(EMS) 

 

3.5 DEMO SITE 3: HESS RETROFITTING DEMONSTRATION 

3.5.1 Description of Fraunhofer ICT – Pfinztal, Germany 
The site at Fraunhofer ICT features a renewable power plant with a grid connection size 
of 2 MW, which includes a 360 kW/1.4 MWh redox flow battery (RFB), and a 1 MW 
commercial supercapacitor linked via an 800 V DC-link to a wind turbine's intermittent 
circuit. It also has a 2 MW wind turbine and a 675 kWp monocrystalline photovoltaic 
system. Additionally, the site is equipped with a combined heat and power unit rated at 
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390 kW electric and a 500 kW electric heater for the local heating grid. The local grid 
operates on a 20 kV ring grid with a base load of 400 kW and a peak load of 1.3 MW, driven 
by the institute's machine park during weekdays. The existing energy management 
system is designed for self-consumption, and there are five AC chargers (up to 22 kW) 
and two DC chargers (up to 55 kW) for electric vehicles (EVs). Key challenges include 
managing efficient weekly balances with the storage extension and integrating a new 
forecast-driven energy management system while accommodating potential additional 
EV charging points 

3.5.2 UC2a: Optimized Dispatch of Production and Storage Assets 

Description of use case 
ID Area domain Name of use case 
UC2a Microgrid/Power system Optimized Dispatch of Production and 

Storage Assets 
Short description  
This use case focuses on maximizing the efficiency and effectiveness of energy 
generation and storage resources within the Fraunhofer ICT site. By leveraging 
advanced energy management systems (EMS) and integrating various energy storage 
solutions, including redox flow batteries and supercapacitors, the use case aims to 
optimize the dispatch of available energy assets to meet demand while minimizing 
costs and maximizing renewable energy usage. This approach enhances the site's 
operational flexibility and sustainability by allowing for improved coordination between 
renewable generation, energy storage, and consumption profiles. 
Complete description 
The "Optimized Dispatch of Production and Storage Assets" use case is designed to 
enhance the overall energy management strategy at the Fraunhofer ICT site by 
efficiently coordinating the generation and storage of energy. With an installed capacity 
of 2 MW from wind and photovoltaic sources, alongside 360 kW/1.4 MWh of redox flow 
battery (RFB) storage and 1 MW of commercial supercapacitor capacity, the project 
seeks to achieve a harmonious balance between energy production, storage, and 
consumption. 
The primary objective is to implement a sophisticated energy management system 
(EMS) that will forecast energy production and demand patterns, allowing for the 
intelligent scheduling of energy dispatch from the various assets. This system will 
facilitate optimal decision-making regarding when to store excess energy generated 
from renewable sources and when to release it to meet peak demand. 
In addition to improving the efficiency of energy use, the optimized dispatch will enable 
better integration of renewable energy sources, reducing reliance on non-renewable 
backup generation and minimizing curtailment of renewable production. The project 
aims to provide greater flexibility for energy-intensive operations, particularly during 
the Monday-to-Friday work pattern typical of industrial sites. This flexibility will be 
crucial as the site plans for potential expansions, including additional EV charging 
infrastructure. 
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Overall, the use case emphasizes sustainable energy practices, cost savings, and the 
enhancement of grid stability by maximizing the use of renewable resources through 
optimized dispatch strategies 
 

 

Diagram of use case 
Diagram Name 
Optimized Dispatch of Production and Storage Assets 
Diagram Type 
Overview diagram 
Diagram Caption 
Overview diagram of Optimized Dispatch of Production and Storage Assets 
Diagram 

 
 

Technical details 
Actors 

Actor 
Name  

Actor Type  Actor Description  Further information 
specific to this Use 
Case  

RES Resources Converts solar or wind energy 
into electricity 
If the energy price is negative, 
energy produced is “disposed” 
in the storage 

Active 

Energy 
Supplier 

Supplier  Provides grid services Active 
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Provides prices for feed-in tariffs 
too control energy income  

ESS  resources Stores surplus electricity and 
dispatches if necessary  
Where cheap energy is disposed 
to. Dispatches energy when 
prices are higher.  

Active 

EMS System Manage and overseeing the 
operation of the local energy 
grid. 

Active 

Load Device Load varies based on 
operational hours (typically 
Monday to Friday). 
Represents the fluctuating 
energy demand 

Passive 

Non RES resources acts as a backup source when 
renewable and storage systems 
cannot meet demand alone. 
Primarily engaged when 
renewable resources are 
insufficient or during high 
demand; dispatched as a last 
resort to minimize fossil fuel 
dependency. 

Passive 

 

Scenario overview 

Scenario name Optimized Dispatch of Production and Storage Assets 
Primary actor Local Energy Management System (EMS) 
Triggering event Changes in energy demand or generation levels, such as an 

increase in local consumption or a decrease in renewable 
production. 

Pre-condition The local EMS is operational, energy production assets and 
storage systems (RFB, Supercap) are connected and functioning 
correctly. 

Post- condition Energy production and storage assets are dispatched optimally to 
meet demand, enhancing efficiency, and reducing operational 
costs. 

 

Key performance indicators (KPIs) 

Name Description 
Storage Utilization 
Efficiency 

Measurement of how effectively the storage systems (RFB, 
Supercap, thermal storage) are used over time. 
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Renewable Energy 
Utilization Rate 

Percentage of energy demand met by renewable sources 
(wind and PV) after optimizing dispatch. 

Peak Shaving 
Performance 

Effectiveness in reducing peak load demand through 
optimized dispatch of storage assets. 

Step by step analysis of use case  
Use case conditions 
Assumptions 
Efficient Communication Infrastructure: Seamless communication between the EMS, 
PCS (power converters), and the grid operator is assumed for timely and accurate 
dispatching. 
Prerequisites 
Upgraded Energy Management System (EMS): The EMS must have the capability to 
perform forecast-based dispatch decisions and respond in real-time to grid conditions. 

Information exchanged 
Scope 
Optimal coordination of energy related assets considering energy cost  
Objective(s) 
Optimal operation of energy production and storage facilities  
Possible related business case(s)  
Energy Community as an Energy Service Company (ESCO) offering energy 
management services 
Prosumer engagement 

Interconnection with other UCs  
Relation to other use cases 
UC2a includes UC3, UC2a includes UC2b, UC2a is associated with UC1  
Level of depth 
local  
Prioritization 
High Priority 
Generic, regional, or national relation 
Regional Relation 
Nature of the use case  
Business, Technical  
Further keywords for classification 
Optimized dispatch, optimization of storage and production  
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3.5.3 UC3: Storage for energy-oriented services (intraday): Intra-day 
storage for local load balancing 

 

Description of use case 
ID Area domain Name of use case 
UC3 Microgrid/Power 

system 
Storage for energy-oriented services (intraday): Intra-
day storage for local load balancing 

Short description  
The "Storage for energy-oriented services (intraday)" use case focuses on optimizing 
local load balancing at the Fraunhofer ICT site. The existing renewable power plant and 
storage systems, including a 360 kW/1.4 MWh RFB battery, are used to store excess 
renewable energy during periods of low demand and release it during peak demand. 
This intraday energy storage helps improve the efficiency of the site's energy 
consumption, ensuring a more balanced grid, reducing reliance on non-renewable 
generation, and enabling greater renewable energy integration. 
Complete description 
In the Fraunhofer ICT site, the "Storage for energy-oriented services (intraday)" use case 
aims to enhance the management of energy resources by leveraging intraday storage 
for local load balancing. The site currently operates a renewable power plant with a 2 
MW wind turbine, a 675 kWp PV system, and storage systems that include a 360 kW/1.4 
MWh RFB battery and a 1 MW commercial supercapacitor. These systems are 
integrated into the energy management infrastructure, which is responsible for 
optimizing energy production, storage, and consumption. 
This use case focuses on storing excess renewable energy during periods of low 
demand (Monday-Friday) and dispatching it during peak load times, such as the site's 
working hours. The objective is to minimize the need for non-renewable power sources, 
reduce energy costs, and maximize the use of clean energy. Additionally, the system 
provides support for EV charging and ensures efficient load management throughout 
the day. By balancing the intraday load, the site improves its energy efficiency and 
contributes to a more stable and sustainable energy system. 
 

Diagram of use case 
Diagram Name 
Storage for energy-oriented services (intraday): Intra-day storage for local load 
balancing 
Diagram Type 
Overview Diagram 
Diagram Caption 
Overview Diagram of Storage for energy-oriented services (intraday): Intra-day storage 
for local load balancing 
Diagram 
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Technical details 
Actors 

Actor  
Name  

Actor Type  Actor Description  Further 
information 
specific to 
this Use 
Case  

RES  resource Converts solar energy into electricity  
Produces renewable energy used to 
charge storage systems or supply the 
grid directly. Renewable energy 
sources fluctuate, necessitating 
proper storage and load balancing 
for optimal use. Is curtailed if 
production is too high  

Active 

ESS Device The RFB provides mid-term intraday 
energy storage, allowing energy to be 
balanced across different load 
periods. It plays a critical role in 
increasing renewable energy 
utilization. 
Ensures rapid response to grid 
fluctuations and short-term energy 
demands, working in parallel with 
the RFB to provide stability and 

Passive 
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enhance energy dispatch 
capabilities. 
Energy is “disposed” in an ESS 
before it is curtailed 

Grid Operator Supplier Oversees the stability and balance of 
the external grid, ensuring that the 
energy flow from the Fraunhofer ICT 
site is integrated into the regional 
network. 
Forces RES to be curtailed if grid 
cannot take the produced amount of 
electricity . They help determine 
when stored energy should be 
dispatched to maintain grid stability. 

External Actor  

 Customer User The various machines, systems, and 
appliances within the Fraunhofer ICT 
site that consume electricity during 
operations. 
The load fluctuates based on working 
hours (Monday-Friday), and the EMS 
uses stored energy to balance peak 
demands and avoid reliance on non-
renewable energy sources during 
high consumption periods. 

 

 

Scenario overview 

Scenario name Intraday Storage Dispatch for Local Load Balancing 
Primary actor Energy Management System (EMS) 
Triggering event An increase in local load demand or excess renewable energy 

production during the day that needs to be balanced. 
Pre-condition Renewable energy sources (RES) are generating electricity, and 

the intraday storage system (RFB and supercapacitor) is 
operational 

Post- condition The EMS successfully dispatches energy from storage to balance 
the load, reducing strain on the grid and maximizing renewable 
energy use. 

 

Key performance indicators (KPIs) 

Name Description 
Reduction in Energy 
Curtailment 

Amount of excess renewable energy that is stored instead of 
curtailed during periods of surplus generation. 

Storage Utilization 
Rate 

Percentage of available storage capacity (RFB and 
supercapacitor) utilized during load balancing operations. 
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Renewable Energy 
Penetration 

Measure of how much of the local energy consumption is 
sourced from renewable energy during intraday storage 
dispatch. 

Peak Demand 
Reduction 

measures the decrease in maximum energy demand 
observed 

Intraday Energy 
Dispatch Frequency 

measures how often energy dispatch decisions are made 
within a single day to optimize energy use and manage supply 
and demand effectively. This KPI indicates the 
responsiveness of the energy management system in 
adjusting energy flows throughout the day. 

Step by step analysis of use case  
Use case conditions 
Assumptions 
Consumption Assets: Energy consumption assets (buildings, EV chargers, etc.) should 
have fluctuating energy demands that can be smoothed using the storage systems. 
Prerequisites 
Energy Management System: An advanced EMS must be in place to manage energy 
flows, storage operations, and grid interactions. 
Monitoring Infrastructure: A monitoring and control infrastructure must be in place to 
measure, forecast, and analyse energy production and consumption 

Information exchanged 
Scope 
Avoidance of curtailment by supplying energy the same day and Maximizing energy 
utilization of RES on a daily basis  
Objective(s) 
Optimizing daily energy balance  
Possible related business case(s)  
Energy Community as Flexibility Aggregator 
Energy Community as an Energy Service Company (ESCO) offering energy 
management services 

Interconnection with other UCs  
Relation to other use cases 
UC2a: Optimized Dispatch of Production and Storage Assets 
UC2b: Energy arbitrage 
UC5a: Self-consumption maximization 
UC5b: Storage extension: Intra week storage for local load balancing 
Level of depth 
Medium to High 
Prioritization 
High Priority 
Generic, regional, or national relation 
Regional  
Nature of the use case  
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Business, Technical and Operational 
Further keywords for classification 
Intraday, RES utilization optimization  

 

3.5.4 UC5a: Self-consumption maximization 

Description of use case 
ID Area domain Name of use case 
UC5a Microgrid/Power 

system 
Self-consumption maximization 

Short description  
Self-consumption maximization focuses on optimizing the utilization of locally 
generated renewable energy, to meet on-site consumption demands at the site. By 
using energy storage systems (ESS), surplus renewable energy produced during 
periods of low demand is stored and used during periods of high consumption. This 
strategy aims to reduce dependency on external energy sources and maximize the 
economic benefits from renewable energy 
Complete description 
Self-consumption maximization UC aims to optimize the use of renewable energy 
resources generated on-site in combination with battery energy storage systems (ESS). 
The site currently faces challenges due to the intermittent nature of renewable energy 
production. When renewable energy exceeds the demand, the surplus is stored in 
energy storage systems, including Li-ion, Vanadium Redox Flow Battery (VRFB), and 
other storage technologies. The stored energy is later used during peak demand, 
effectively balancing the load, and minimizing the need for external grid energy or 
thermal generators. The integration of energy management systems (EMS) helps 
coordinate the dispatch of energy resources, reducing curtailment, increasing 
renewable energy penetration, and achieving economic benefits through energy 
arbitrage and reduced energy bills. 
This use case leverages advanced forecasting and control mechanisms to prioritize 
renewable energy usage and ensure optimal dispatch, contributing to a more 
sustainable and cost-effective energy ecosystem at the site. 
 

Diagram of use case 
Diagram Name 
Self-consumption maximization 
Diagram Type 
Overview Diagram 
Diagram Caption 
Overview Diagram of Self Consumption maximization 
Diagram 
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Technical details 
Actors 

Actor 
Name  

Actor 
Type  

Actor Description  Further information 
specific to this Use Case  

Load   Load  The site’s energy demand, which 
must be met by a combination of 
RES, ESS, and grid power (if 
necessary). 
The primary consumer of the 
energy generated by RES and ESS, 
with an objective of minimizing grid 
imports to maximize the use of 
local generation, Consumer and 
producer are the same entity  

Passive 

RES  Renewable 
Energy 
source  

Provides clean energy directly to 
the load or to the energy storage 
system during surplus generation 
periods, consumer and producer 
are the same entity  

Active 

ESS  Energy 
Storage 
System  

Stores surplus electricity and 
dispatches if necessary  
Works under the control of EMS to 
smooth out energy imbalances and 
minimize grid energy imports 

Active 

 EMS System Manages and optimizes energy 
flows between RES, ESS, and the 
load to maximize self-
consumption. 

Active 
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Receives real-time data on RES 
production and load demand, 
controlling storage dispatch to 
minimize grid reliance and 
increase self-consumption. 

 

Scenario overview 

Scenario name Self-consumption maximization of locally produced 
renewable energy 

Primary actor Energy Management System (EMS) 
Triggering event Excess renewable energy generation compared to real-time load 

demand, or increased energy consumption surpassing current 
RES production 

Pre-condition The local load demand is variable, with periods of excess 
renewable generation and periods where RES alone cannot meet 
the demand 

Post- condition The self-consumption rate is maximized, and grid reliance is 
minimized, contributing to energy savings and increased RES 
penetration 

 

Key performance indicators (KPIs) 

Name Description 
Self-consumption 
Rate 

Measures the percentage of locally produced renewable 
energy that is consumed on-site, as opposed to being 
exported or curtailed. 

Reduction in Grid 
Import 

Tracks the reduction in energy imported from the grid, 
indicating how much of the local demand is met by renewable 
energy and stored energy 

Energy Cost Savings Quantifies the cost savings resulting from maximizing self-
consumption and minimizing grid import, including potential 
savings from reduced curtailment and better use of ESS 

Renewable Energy 
Utilization 

measures the percentage of total renewable energy generated 
that is actually consumed 

Curtailment 
Reduction 

measures the decrease in the amount of renewable energy 
that is generated but not utilized due to limitations in the grid, 
storage, or consumption capacity 

Step by step analysis of use case  
Use case conditions 
Assumptions 
The energy consumption profile at the site has fluctuating demand patterns, which 
align with periods of both RES generation and storage utilization 
Prerequisites 
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Data Availability: Access to historical and real-time data on energy production, 
consumption, and storage levels is required for forecasting and optimization. 

Information exchanged 
Scope 
Release energy if production is lower than consumption and store if the production is 
higher  
Objective(s) 
Bridging renewable energy inflexibility  
optimization of energy self-consumption  
Possible related business case(s)  
Energy Community as an Energy Service Company (ESCO) offering energy 
management services 
Improved Energy Savings by self-consumption maximization due to storage extension 

Interconnection with other UCs  
Relation to other use cases 
Storage for energy-oriented services (UC3) 
 Energy arbitrage (UC2b) 
Optimized Dispatch of Production and Storage Assets (UC2a)  
Level of depth 
detailed and operational level of depth 
Prioritization 
High priority 
Generic, regional, or national relation 
Generic relation, as this is a use case which will increase with further renewable 
energy sources.  
Nature of the use case  
Technical, Business  
Further keywords for classification 
Self-consumption, bridging inflexibility, energy security  

 

3.5.5 UC5b: Improved Energy Savings by self-consumption 
maximization due to storage extension 

Description of use case 
ID Area domain Name of use case 
UC5b Microgrid/Power 

system 
Improved Energy Savings by self-consumption 
maximization due to storage extension 

Short description  
The energy storage system is extended to maximize self-consumption by storing 
surplus energy that would otherwise be curtailed, allowing for better energy savings by 
reducing the need for grid-supplied electricity 
Complete description 
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This use case focuses on extending the energy storage system to provide weekly 
flexibility, enabling consumers to optimize energy usage by storing energy that would 
otherwise be curtailed. By doing so, the system balances energy consumption over the 
week, reducing the need to rely on the grid during peak periods. This not only enhances 
energy savings but also minimizes grid energy purchases, leading to a more sustainable 
and cost-effective energy management solution. 

Diagram of use case 
Diagram Name 
Improved Energy Savings by self-consumption maximization due to storage extension 
Diagram Type 
Overview Diagram 
Diagram Caption 
Overview Diagram 
Diagram 

 

Technical details 
Actors 

Actor Name  Actor 
Type  

Actor Description  Further information 
specific to this Use Case  

Energy 
Storage 
System 
(ESS) 

System Stores excess energy that 
would otherwise be curtailed 
for later use during periods of 
higher demand. 
The ESS provides weekly 
flexibility, allowing the 
optimization of energy 
consumption and reducing 
grid reliance. 

Active 
 

Consumer Load Consumes the stored energy, 
reducing reliance on grid-

Passive 
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supplied energy during peak 
times 
The primary energy consumer 
that benefits from self-
consumption maximization, 
balancing consumption over a 
given period (week or more). 

Energy 
Management 
System 
(EMS) 

System Provides the reference values 
to the PCS and optimizes 
energy dispatch and storage 
utilization. 
Ensures that the system 
maximizes self-consumption 
and minimizes curtailment. 

Active 
 

 

Scenario overview 

Scenario 
name 

Improved Energy Savings by self-consumption maximization due 
to storage extension 

Primary actor Energy Storage System (ESS) 
Triggering 
event 

The need to balance energy consumption and reduce reliance on the 
grid during peak periods. 

Pre-condition Existing energy storage systems are operational, and there is a 
demand for enhanced energy savings through optimized self-
consumption. 

Post- 
condition 

Energy consumption is optimized, grid reliance is reduced, and 
energy savings are achieved due to the effective use of the storage 
extension. 

 

Key performance indicators (KPIs) 

Name Description 
Percentage of Self-
Consumption 

Measures the proportion of energy consumed by the facility 
that is generated and stored on-site compared to total energy 
consumption 

Return on 
Investment (ROI) 

Evaluates the financial return on the investment made in the 
storage extension relative to the energy savings realized. 

Peak Load Reduction Measures the decrease in peak load demand due to the use of 
stored energy during high-demand periods 

Operational 
Flexibility 

Assesses the ability to adjust energy usage patterns based on 
storage availability, demand forecasts, and operational needs 

Step by step analysis of use case  
Use case conditions 
Assumptions 
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Predictable Demand: It is assumed that energy consumption patterns are predictable 
and can be effectively modelled to facilitate storage management. 
Prerequisites 
Data Collection Mechanisms: Systems for data collection and analysis must be 
established to track energy production, consumption, and savings effectively. 
Integration with Energy Management Systems: An existing EMS should be in place, or a 
new one must be installed to manage the interactions between the storage system, 
renewable generation, and consumption assets. 

Information exchanged 
Scope 
Balancing of energy consumption over the course of a week or month  
Objective(s) 
Optimizing energy usage  
Reduction of grid reliance during peak periods  
Possible related business case(s)  
None 

Interconnection with other UCs  
Relation to other use cases 
UC5a: Self-Consumption Maximization 
UC2a: Optimized Dispatch of Production and Storage Assets 
Level of depth 
Operational and technical level 
Prioritization 
High Priority 
Generic, regional, or national relation 
 Regional Relation: addresses local energy needs, renewable energy integration, and 
specific energy consumption patterns within a geographic area. 
Nature of the use case  
Test, Technical, Business  
Further keywords for classification 
Storage extensions, time interval optimization, balanced energy system  
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4.  SMHYLES BUSINESS CASES 
4.1. METHODOLOGY FOR THE DEFINITION OF BUSINESS 

CASES 
A key objective of the SMHYLES Project is to identify and validate various business cases 
and models. Building on the SMHYLES Use Cases (UCs) discussed in the previous 
chapter, this section will analyse Business Cases (BCs) to outline potential business 
scenarios that, together with the use cases, inform the user requirement definition 
process. 

These business scenarios are designed to clarify significant business needs, which will 
help identify essential requirements and ensure that solutions align with overall business 
objectives. The business cases encompass all operations that the SMHYLES Pilot Sites 
plan to undertake to achieve their goals through the implementation of specific UCs. A 
summary of the identified BCs can be found in the Table below. 

Business Case Short Description 

BC1 Energy Community as 
Flexibility Aggregator 

Energy Community as Flexibility Aggregator for 
Ancillary Service provision to System Operators and 
Balance Responsible Parties including network 
constraints management services, such as 
congestion management, and balancing services, 
such as frequency regulation. 

BC2 Energy Community as 
an Energy Service 
Company (ESCO) 
offering energy 
management services 

Energy Community as an Energy Service Company 
(ESCO) offering energy management services to 
community members, such as energy awareness 
and self-balancing at the community level. 

BC3 Prosumer engagement Prosumer engagement in Implicit Demand Response 
for local energy profile optimization (Time-of-Use 
optimization). 

BC4 Hybrid power plants to 
increase RES in island 
grids 

Hybrid power plants combine storage and RES as a 
single entity, being governed by specific rules to 
participate in the electricity dispatch of the power 
system. These can replace thermal generation in an 
island electricity system, provided that the grid 
connection requirements can compensate for the 
services lost from disconnecting the thermal 
generation. 
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BC5 Improved Energy 
Savings by self-
consumption 
maximization due to 
storage extension 

The Energy Storage system aims to store energy 
which would otherwise be curtailed and therefore 
saves money as less energy is needed from the grid. 

 

Part of the above BCs will be only described whereas others will be also implemented 
within SMHYLES project, as shown in the Table below. 

 Described Will be 
implemented 

BC1 Energy Community as 
Flexibility Aggregator 

X  

BC2 Energy Community as an 
Energy Service Company 
(ESCO) offering energy 
management services 

X  

BC3 Prosumer engagement  X 

BC4 Hybrid power plants to 
increase RES in island grids 

 X 

BC5 Improved Energy Savings 
by self-consumption 
maximization due to 
storage extension 

 X 

 

Regarding the methodology followed, based on the partners’ contribution, each BC has 
been associated to one or more UCs as reported below.  

 UC1 UC2a UC2b UC3 UC4 UC5a UC5b 
BC1 Energy 

Community 
as Flexibility 
Aggregator 

X X   X X     

BC2 Energy 
Community 
as an Energy 
Service 
Company 

  X   X  X   
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(ESCO) 
offering 
energy 
management 
services 

BC3 Prosumer 
engagement 

  X           

BC4 Hybrid power 
plants to 
increase RES 
in island 
grids 

  X      X X  

BC5 Improved 
Energy 
Savings by 
self-
consumption 
maximization 
due to 
storage 
extension 

          X   

 

After the association activity, each Pilot Site Responsible Partner have been asked to 
indicate which BC will be implemented or only descripted in their Pilot Site. 

In the following sections this information has been reported for each Pilot Site and the 
most significant aspect of each BC analysed. The analysis has been focused on the 
following elements: 

1. Potential services offered 
2. Key actors involved, focusing on their roles and responsibilities 
3. Primary objectives that the service offerings aim to achieve 
4. Necessary technological, economic, financial, and policy-related resources to 

meet the business case objectives 
5. Expected advantages from the proposed services 

To explore these aspects, a short questionnaire was developed for the Pilot Site 
Responsible Partners. This questionnaire aimed to gather insights on the services they 
plan to offer, the main actors involved in delivering these services, the inputs required to 
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achieve their goals, and the expected outcomes and benefits from both internal and 
external perspectives. 

The final step of the analysis involved identifying obstacles and barriers to the 
implementation of business cases (BCs). In this process, the Pilot Site Responsible 
Partners provided valuable feedback regarding the significance of specific barriers and 
suggested potential mitigation strategies. Five primary categories of obstacles have been 
identified: 

• Regulatory and Legislative 
• Economic and Market 
• Technical 
• Social 
• Organizational 

Analysing the obstacles and barriers provides an initial insight into the extent to which 
business cases (BCs) can be applied at the SMHYLES Pilot Sites. 

In the Table below a preliminary overview of the main aspects related to each Business 
Case identified has been provided. 

Business 
Case 

Success Rates Anticipated 
Benefits 

Impact on 
Stakeholders 

Project 
Objectives 

Energy 
Community as 
Flexibility 
Aggregator 

High success in 
pilot projects, 
with significant 
potential for 
scaling. 

Enhanced grid 
stability, 
reduced energy 
costs, and 
increased 
renewable 
integration. 

Benefits for 
community 
members 
through lower 
energy bills 
and increased 
participation in 
energy 
markets. 

Improve grid 
flexibility, 
integrate more 
renewables, 
and empower 
local 
communities. 

Energy 
Community as 
an Energy 
Service 
Company 
(ESCO) 
offering 
energy 
management 
services 

ESCO projects 
typically 
achieve energy 
savings of 25% 
or more. 

Reduced 
energy 
consumption, 
lower 
operational 
costs, and 
improved 
energy 
efficiency. 

Provides cost 
savings and 
energy 
efficiency 
improvements 
for consumers 
and 
businesses. 

Achieve 
significant 
energy savings, 
reduce carbon 
footprint, and 
enhance 
energy 
management. 

Prosumer 
Engagement 

High 
engagement 
rates in regions 

Increased self-
consumption, 
reduced energy 

Empowers 
consumers to 
actively 

Enhance 
consumer 
participation, 
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with supportive 
policies and 
incentives. 

bills, and 
greater energy 
independence. 

participate in 
energy markets 
and manage 
their energy 
use. 

increase 
renewable 
energy 
adoption, and 
improve energy 
literacy. 

Hybrid Power 
Plants to 
Increase RES 
in Island Grids 

Successful 
implementation 
in several island 
regions, with 
high renewable 
penetration. 

Reduced 
reliance on 
fossil fuels, 
lower energy 
costs, and 
improved 
energy 
security. 

Provides 
reliable and 
sustainable 
energy for 
island 
communities, 
reducing 
energy costs. 

Increase 
renewable 
energy share, 
reduce carbon 
emissions, and 
enhance 
energy 
security. 

Improved 
Energy 
Savings by 
Self-
Consumption 
Maximization 
due to Storage 
Extension 

Self-
consumption 
rates can 
increase by up 
to 11% with 
shared energy 
storage. 

Lower energy 
bills, increased 
use of 
renewable 
energy, and 
reduced grid 
dependency. 

Benefits 
prosumers by 
maximizing the 
use of their 
generated 
energy and 
reducing costs. 

Maximize self-
consumption, 
reduce energy 
costs, and 
enhance grid 
stability. 

 

4.2. BCS DESCRIBED 
BC1- Energy Community as Flexibility Aggregator 

An energy community can play a crucial role as a flexibility aggregator, offering various 
flexibility-related services to enhance the efficiency and stability of the energy system. 
According to the Universal Smart Energy Framework (USEF) 54 , these services can be 
classified into the following categories: 

• Network Constraints Management Services. These services are offered to system 
operators and are utilized for system control and alleviation of issues such as 
voltage violations, thermal losses, grid congestion, and reverse power flows. By 
managing these constraints, energy communities can help maintain the reliability 
and efficiency of the grid. 

• Wholesale Services. Energy communities can participate in day-ahead and intra-
day markets to provide wholesale services. These services help decrease the 

 
54  USEF (2018), Position Paper: Flexibility Value Chain. Available at: 
https://www.usef.energy/app/uploads/2018/11/USEF-White-paper-Flexibility-Value-Chain-2018-version-
1.0_Oct18.pdf 
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sourcing costs of electricity by optimizing the timing and volume of energy 
transactions. 

• Balancing Services. Offered to the Transmission System Operator (TSO), 
these services are utilized for frequency regulation. Examples include 
Frequency Containment Reserve (FCR), Automatic Frequency Restoration 
Reserve (aFRR), Manual Frequency Restoration Reserve (mFRR), and 
Replacement Reserve (RR). By providing these services, energy 
communities can help maintain the balance between supply and demand 
on the grid.  

• Adequacy Services. These services are offered in capacity markets to business 
parties responsible for security of supply, such as TSO. Energy communities can 
contribute to security of supply by arranging long-term peak and non-peak 
generation capacity, ensuring that there is sufficient energy available to meet 
demand. 

Regarding the implementation, the following aspects need to be considered: 

• Technology Integration. Implement advanced metering infrastructure, energy 
management systems, and communication technologies to enable real-time 
monitoring and control of energy resources. 

• Regulatory Support. Ensure that regulatory frameworks support the participation 
of energy communities in flexibility markets and provide clear guidelines for their 
operation. 

• Stakeholder Engagement. Engage with all relevant stakeholders, including 
prosumers, system operators, and market regulators, to ensure successful 
implementation and operation of energy communities as flexibility aggregators. 

By leveraging the collective flexibility of its members, an energy community can reduce 
energy costs, increase renewable energy use, and generate new revenue streams while 
supporting a more resilient and sustainable energy grid. This approach aligns with global 
trends toward sustainability, energy efficiency, and decarbonization. 

 

BC2- Energy Community as an Energy Service Company (ESCO) offering energy 
management services 

In this business case, an Energy Community functions as an Energy Service Company 
(ESCO), offering not only energy management but also energy awareness services to its 
members. This approach, foundational to the concept of a Citizen Energy Community 
(CEC), emphasizes increasing energy literacy, improving local energy efficiency, and 
managing distributed energy resources (DERs) for collective benefit.  
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The ESCO role within a community aligns with increasing engagement and energy 
consciousness among its members, empowering prosumers (consumers who produce 
energy, typically through solar PV) to optimize energy consumption, share resources, and 
jointly invest in energy assets. 

In the CEC model, energy awareness is a crucial first step. By educating and engaging 
community members on their energy consumption habits and the potential of DERs, the 
community can: 

• Increase Energy Savings: by making individuals more conscious of their energy 
use, they can reduce consumption. 

• Enhance Efficiency: social peer pressure and shared community goals can drive 
behavioural changes that lead to more efficient energy use. 

• Foster Collective Action: increased energy literacy promotes collaboration in the 
joint purchasing, management, and maintenance of shared energy assets (e.g., 
solar panels, batteries, or EV charging infrastructure). 

The following aspects should be considered for effective implementation of BC2: 

• Regulatory Compliance. Ensure the community complies with local energy 
laws, secures necessary licenses, and leverages available subsidies and 
incentives. 

• Community Engagement. Foster active participation through education, 
workshops, and incentives, with clear roles and decision-making processes to 
empower members. 

• Technological Infrastructure. Install smart meters, energy management systems 
(EMS), and IoT devices for real-time monitoring and automation of energy use. 

• Financial Planning. Define a clear financial model, covering initial investment, 
revenue streams (e.g., energy savings, market participation), and shared 
ownership of assets. 

• Data Management and Analytics. Use real-time data, advanced analytics, 
and secure data systems to monitor energy consumption, optimize usage, 
and provide insights to community members. 

• Governance and Organization. Establish a transparent governance structure with 
clearly defined roles, ensuring democratic decision-making and accountability. 

• Scalability and Flexibility. Plan for future growth, allowing the integration of new 
members, technologies, and services like electric vehicle (EV) charging or peer-
to-peer energy trading. 

• Energy Market Integration. Ensure the community can participate in 
external energy markets, sell surplus energy, and offer flexibility services 
for additional revenue. 
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• Monitoring and Feedback. Implement regular performance tracking, member 
feedback loops, and periodic reviews to continuously improve community energy 
management. 

• Risk Management. Mitigate financial, technological, and community risks 
by maintaining diverse revenue streams, robust technology, and clear 
regulatory awareness. 

By increasing energy literacy, providing energy management services, and promoting 
shared investment in DERs, the community enhances both individual and collective 
energy efficiency. This model not only reduces costs and supports sustainability goals 
but also empowers prosumers to take active control over their energy use, fostering a 
culture of collaboration and sustainability. 

To successfully engage community members in ESCO programs, it is essential to adopt 
a multi-faceted approach that builds trust, demonstrates value, and encourages active 
participation. Community outreach and education are crucial; conducting workshops, 
town hall meetings, and informational sessions can help educate community members 
about the benefits of energy management services and how they can save on energy 
costs. Utilizing digital tools like social media, webinars, and online forums can also 
broaden the reach. 

Offering financial incentives such as discounts on energy bills, rebates for energy-
efficient appliances, and rewards for participation in energy-saving programs can 
motivate community members to join and remain active in the ESCO program. 
Collaborating with local governments, non-profits, and community groups can help build 
credibility and trust within the community. 

Providing customized energy management plans that cater to the specific needs and 
preferences of individual households can make the program more appealing and relevant 
to community members. Establishing channels for community members to provide 
feedback and suggestions, and regularly updating them on the program’s progress and 
how their contributions are making a difference, fosters a sense of ownership and 
engagement. 

Regarding the financial model for an ESCO, it typically revolves around energy 
performance contracts (EPCs), which can be structured in various ways to ensure both 
the ESCO and the clients benefit from energy savings. In the guaranteed savings model, 
the ESCO guarantees a certain level of energy savings for the client. The client finances 
the project, either through a bank loan or their own equity, and pays the ESCO a fee based 
on the achieved savings. This model reduces the financial risk for the ESCO and provides 
a reliable revenue stream. 
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In the shared savings model, the ESCO finances the project and shares the energy savings 
with the client over the contract period. This model involves the ESCO taking on both the 
technical and financial risks, but it can be attractive to clients who lack upfront capital. 
The ESCO’s revenue is derived from a portion of the energy savings achieved. 

Additional revenue streams for an ESCO can include charging for additional services 
such as energy audits, maintenance, and monitoring, receiving bonuses for exceeding 
energy savings targets, and leveraging grants, tax credits, and other incentives offered by 
governments to promote energy efficiency projects. 

By combining these strategies and financial models, an ESCO can effectively engage 
community members and generate sustainable revenues, ensuring the long-term 
success of energy management programs. 

4.3. BCS TO BE IMPLEMENTED 

4.2.1 BCs Pilot Site 1 
The below Table reports the business cases linked to Pilot Site 1, both those only 
descripted and implemented. In this section, specific information has been provided for 
the business case implemented within Pilot Site 1.  

 Described Will be 
implemented 

BC1 Energy Community as 
Flexibility Aggregator 

  

BC2 Energy Community as an 
Energy Service Company 
(ESCO) offering energy 
management services 

X  

BC3 Prosumer engagement  X 

BC4 Hybrid power plants to 
increase RES in island grids 

  

BC5 Improved Energy Savings 
by self-consumption 
maximization due to 
storage extension 
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Capwatt provided the following information related to BC3, which is the only business 
case that will be implemented in Pilot Site 1.  

Business Case 3  

BC full description  This business case aims to involve the energy 
consumers and producers of the industrial 
campus where it will be tested, in the effect of the 
industrial centre's energy consumption on the 
national electricity grid 

With respect to the BC in 
question, would you describe the 
kind of services you would like to 
offer?  

Energy arbitrage, peak-shaving, increase of auto 
consumption 

Who are the main actors involved 
in the business case, their roles, 
and responsibilities?  

Technology provider (C2C), EMS provider 
(CIRCE), pilot owner (CW) 

Which are the objectives you 
intend to achieve by offering the 
services envisaged within this 
business case?  
If possible, specify how do you 
intend to reach the objectives 
just described   

Have a better economic decision of energy 
consumption and production, and have a more 
robust internal network on the campus 

Which are the inputs do you need 
to achieve your objectives?  
(examples of inputs are 
technological, economic, and 
financial resources; policies and 
incentives; partnerships, 
business relations, etc.)  

The battery technologies, this incentive to 
minimize the investment associated, the 
different companies in the campus, the OMIE 
information prices 

What are the benefits that can be 
obtained by offering those 
services, both from the company 
point of view and from an 
external perspective?  

Cost reduction of the energy price, more stable 
internal electrical network, capable of taking 
decisions about when we have our energy 
consumption and production 

 

The above business case focuses on engaging both energy consumers and producers 
(often referred to as “prosumers”) within an industrial campus. The goal is to optimize the 
energy consumption profile of the campus, particularly by adjusting the timing of energy 
use to align with periods of lower demand on the national electricity grid. This approach 
is known as Time-of-Use (ToU) optimization. 

Key components of Business Case 3 are the following: 
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• Prosumers are entities that both produce and consume energy. In this context, 
they could be businesses or facilities within the industrial campus that generate 
their own electricity and also draw power from the grid. 

• Implicit Demand Response involves adjusting energy consumption patterns 
based on price signals or other incentives without direct control from the grid 
operator. Prosumers respond to these signals by shifting their energy use to times 
when electricity is cheaper or more abundant. 

• Time-of-Use Optimization aims to shift energy consumption to off-peak periods 
when the demand on the national grid is lower. This can help reduce energy costs 
for the prosumers and alleviate stress on the grid. 

This business case represents a collaborative effort to optimize energy use in a way that 
benefits both the local industrial campus and the broader national grid. By engaging 
prosumers in implicit demand response, it aims to create a more efficient, cost-effective, 
and sustainable energy system. 

Regarding the main BCs barriers RINA-C asked Pilot Site 1 Responsible Partners to fill in 
the Obstacle and Barriers Table (reported below), providing a quantitative assessment 
and open comments. 

As reported above, five main categories of obstacles and barriers have been preliminary 
identified (Regulatory and Legislative, Economic and Market, Technical, Social, 
Organizational). 

Business Case 3 

Category of obstacles  Short Description of 
obstacles  

Priority 
(H/M/L) 

Qualitative 
Rating  
(open 
comments)  

Regulatory and 
Legislative  

  
  

Economic and Market  Energy price M   
Technical  EMS provider H   
Social  

  
  

Organizational  
  

  
 

4.3.1. BCs Pilot Site 2 
The below Table reports the business cases linked to Pilot Site 2, both those only 
descripted and implemented. In this section, specific information has been provided for 
the business case implemented within the Pilot Site 2. 
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 Described Will be 
implemented 

BC1 Energy Community as 
Flexibility Aggregator 

X  

BC2 Energy Community as an 
Energy Service Company 
(ESCO) offering energy 
management services 

  

BC3 Prosumer engagement   

BC4 Hybrid power plants to 
increase RES in island grids 

 X 

BC5 Improved Energy Savings 
by self-consumption 
maximization due to 
storage extension 

  

 

Graciólica provided the following information related to BC4, which is the only business 
case that will be implemented in Pilot Site 2.  

Business Case 4  

BC full description  This business case intends to add additional 
value to the existing hybrid power plant in 
Graciosa Island by including a hybrid BESS 
approach that uses no CRMs and intends to 
simultaneously increase RES share in the island 
and reduce the use of the diesel power plant 
which is used as backup of the RES. As result, the 
CO2 emissions to the atmosphere will be 
reduced.  

With respect to the BC in 
question, would you describe the 
kind of services you would like to 
offer?  

Deliver additional renewable energy to the island 
grid that otherwise would be curtailed and 
produced from the diesel power plant, resulting 
in more CO2 emissions released to the 
atmosphere  

Who are the main actors involved 
in the business case, their roles, 
and responsibilities?  

The main actors are the technological providers 
involved in DEMO#2 namely C2C, INDRIVETEC, 
FZsonick and the EMS developer and integrator 
as well as the site owner (Graciólica) and local 
utility EDA. It is expected each technological 
provider to deliver the equipment´s based on the 
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given specifications as well as to contribute to a 
smooth integration of the asset´s from the 
operational point of view in the existing hybrid 
power plant   

Which are the objectives you 
intend to achieve by offering the 
services envisaged within this 
business case?  
If possible, specify how do you 
intend to reach the objectives 
just described   

Increase RES share, reduce RES curtailment, 
increase grid strength and Icc against short-
circuits events and sudden loss of generation by 
integrating different types of batteries and power 
electronic converters in the existing hybrid 
system.  

Which are the inputs do you need 
to achieve your objectives?  
(examples of inputs are 
technological, economic, and 
financial resources; policies and 
incentives; partnerships, 
business relations, etc.)  

Technological  

What are the benefits that can be 
obtained by offering those 
services, both from the company 
point of view and from an 
external perspective?  

Deliver additional renewable energy to the grid 
will result in additional profit to the company and 
increase the island RES share. The successful 
integration of asset´s with no use of CRMs will 
provide a good external image of the company as 
well as is aligned with its long-term vision in 
becoming Graciosa Island greener by using 
techno and economic sustainable technologies   

 

This business case focuses on enhancing the existing hybrid power plant on Graciosa 
Island by integrating a hybrid Battery Energy Storage System (BESS) that does not rely on 
Critical Raw Materials (CRMs). The primary goals are to increase the share of renewable 
energy sources (RES) on the island and reduce the dependency on the diesel power plant, 
which currently serves as a backup for RES. This initiative aims to lower CO2 emissions 
and promote a more sustainable energy system. 

Key components of Business Case 4 are the following: 

• Hybrid Power Plant. The existing hybrid power plant on Graciosa Island combines 
different energy sources, such as solar and wind, to generate electricity. The 
integration of a hybrid BESS will enhance its efficiency and reliability. 

• Battery Energy Storage System (BESS). The hybrid BESS will store excess energy 
generated from RES and release it when needed, reducing the need for diesel 
backup. Importantly, this BESS will be designed to avoid the use of CRMs, making 
it more sustainable and less dependent on scarce resources. 
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• Renewable Energy Sources (RES). Increasing the share of RES, such as solar and 
wind, will help the island reduce its reliance on fossil fuels and lower greenhouse 
gas emissions. 

This business case represents a forward-thinking approach to energy management on 
Graciosa Island, leveraging advanced storage technologies and renewable energy to 
create a cleaner, more sustainable future. 

Regarding the main BCs barriers, RINA-C asked Pilot Site 2 Responsible Partners to fill in 
the Obstacle and Barriers Table (reported below), providing a quantitative assessment 
and open comments. 

As reported above, five main categories of obstacles and barriers have been preliminary 
identified (Regulatory and Legislative, Economic and Market, Technical, Social, 
Organizational). 

Business Case 4 

Category of obstacles  Short Description of 
obstacles  

Priority 
(H/M/L) 

Qualitative 
Rating  
(open 
comments)  

Regulatory and 
Legislative  

Compliance with grid codes 
in place  

H   

Economic and Market  Achieve goals of the DEMO 
within the assigned budget 
for each party  

H   

Technical  High degree of technical 
complexity on the integration 
of all technologies involved  

H   

Social  Not impactful  L   
Organizational  Bad communication between 

parties in terms of 
understanding technical 
requirements   

M   

 

 

4.3.2. BCs Pilot Site 3 
The below Table reports the business cases linked to Pilot Site 3, both those only 
descripted and implemented. In this section, specific information has been provided for 
the business case implemented within Pilot Site 3. 
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 Described Will be 
implemented 

BC1 Energy Community as 
Flexibility Aggregator 

X  

BC2 Energy Community as an 
Energy Service Company 
(ESCO) offering energy 
management services 

X  

BC3 Prosumer engagement X  

BC4 Hybrid power plants to 
increase RES in island grids 

  

BC5 Improved Energy Savings 
by self-consumption 
maximization due to 
storage extension 

 X 

 

Fraunhofer ICT Group provided the following information related to BC5, which is the only 
business case that will be implemented in Pilot Site 3.  

Business Case 5 

BC full description  ICT will operate the system targeting bill savings 
and the objective is to increase savings with the 
storage extension. This BC is linked to the self-
consumption UC. A calculation must be 
performed to evaluate the bill savings associated 
with the storage extension. To sum it up the saved 
cost would be our business case validation.  

With respect to the BC in 
question, would you describe the 
kind of services you would like to 
offer?  

We would like to offer the best way to maximize 
self-consumption of renewable generated energy 
by storing surplus energy instead of releasing it 
into the grid or curtailing it.  

Who are the main actors involved 
in the business case, their roles, 
and responsibilities?  

Wind Turbine, Storage        System, EMS, 
Fraunhofer Institute, Fraunhofer Departments, TZE 
(for EMS), Database of systems  

Which are the objectives you 
intend to achieve by offering the 
services envisaged within this 
business case?  

To safe as much money possible by minimization 
curtailment and maximal storing of energy  
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If possible, specify how do you 
intend to reach the objectives 
just described   
Which are the inputs do you need 
to achieve your objectives?  
(examples of inputs are 
technological, economic, and 
financial resources; policies and 
incentives; partnerships, 
business relations, etc.)  

Technological, partnerships  

What are the benefits that can be 
obtained by offering those 
services, both from the company 
point of view and from an 
external perspective?  

The benefits are to find a way redox flow batteries 
operate at an optimum as well as safe energy and 
curtail as little energy as necessary  

 

This business case aims to enhance energy savings by maximizing self-consumption 
through the extension of its energy storage system. The primary goal is to reduce 
electricity bills by increasing the amount of self-generated energy that is consumed on-
site, rather than relying on grid electricity. This business case is intricately linked to the 
self-consumption use case (UC). 

Key components of Business Case 5 are the following: 

• Energy Storage Extension. Extending the existing energy storage system to store 
more self-generated energy (e.g., from solar panels) for later use. This helps in 
balancing supply and demand more effectively. 

• Self-Consumption Maximization. Increasing the proportion of self-
generated energy that is consumed on-site, thereby reducing the need to 
purchase electricity from the grid. 

• Bill Savings. The primary objective is to achieve significant savings on 
electricity bills by optimizing the use of stored energy. 

This business case demonstrates a strategic approach to energy management, 
leveraging storage technology to maximize self-consumption and achieve significant cost 
savings. By extending the storage system, it enables to enhance energy efficiency and 
reduce environmental impact. 

Regarding the main BCs barriers, RINA-C asked Pilot Site 3 Responsible Partners to fill in 
the Obstacle and Barriers Table (reported below), providing a quantitative assessment 
and open comments. 
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As reported above, five main categories of obstacles and barriers have been preliminary 
identified (Regulatory and Legislative, Economic and Market, Technical, Social, 
Organizational). 

Business Cases from 1 to 4 

Category of obstacles  Short Description of 
obstacles  

Priority 
(H/M/L) 

Qualitative 
Rating  
(open 
comments)  

Regulatory and 
Legislative  

Energy Communities not 
well implemented in 
German law/regulations  

H Energy 
communities 
have not well 
implemented 
into German law  

Economic and Market        
Technical        
Social        
Organizational  Fraunhofer Organization 

cannot make a profit  
H Makes every 

profit orientated 
Business Case 
impossible  

 

Business Case 5 

Category of obstacles  Short Description of 
obstacles  

Priority 
(H/M/L) 

Qualitative 
Rating  
(open 
comments)  

Regulatory and 
Legislative  

  
 

  

Economic and Market  No profits  L As profits are not 
a must have, this 
is not relevant 

Technical  EMS must track energy 
saved by capacity extension  

H This is 
particularly 
relevant and  
feasible  

Social    
 

  
Organizational        
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5.  CONCLUSIONS 
The outcomes of the activities summarized in this deliverable support the planning and 
development of tasks across all other WPs, as these results will guide the development 
and demonstration of SMHYLES solutions. Specifically, business and user requirements 
for the SMHYLES framework were identified and analysed, using business scenarios and 
use cases to ensure that communities, prosumers, and other market actors can easily 
understand the purpose, functionality, and application of the project results. 

The key findings for each major topic of the analysis have been outlined below: 

• Market analysis and regulatory framework: the analysis of the electricity and 
energy storage markets in both Europe and Africa highlighted distinct 
opportunities and challenges across these regions. In Europe, the market is more 
advanced, with a strong focus on integrating renewable energy sources, 
enhancing grid flexibility, and promoting energy storage solutions to support 
decarbonization efforts. Regulatory frameworks and investment in technology 
drive innovation in this sector. In Africa, while the electricity market is still 
developing, there is significant potential for growth, especially in decentralized 
energy solutions and off-grid storage systems. Energy storage is crucial for 
expanding access to electricity, improving reliability, and supporting the 
integration of renewable energy in rural and underserved areas. Both regions are 
poised to benefit from advancements in energy storage, though the pathways and 
priorities differ based on their respective market maturity and energy needs. Some 
specific countries were assessed through a dedicated survey in order to identify 
regulatory instruments, local government positions, and non-technical factors, 
including legislative and regulatory barriers or restrictions, as well as strategies to 
overcome them. At a broad level, it is important to note that the adoption of EC 
directives into the national laws of Member States, particularly regarding energy 
communities, has been slow and, more critically, highly varied across different 
countries. 
 

• Use Cases: to effectively address SMHYLES objectives, seven Use Cases have 
been identified, strategically designed, and formulated. For each Use Case, a 
primary and secondary partner has been assigned, selected based on their role, 
expertise, and knowledge in the project. Each Use Case is outlined using a 
dedicated template that follows the standardized IEC 62559 methodology, 
encompassing the following sections: a) general description, scope, and 
objectives, b) use case diagram and sequence diagram, c) technical details 
(actors, triggering events, preconditions, and assumptions), d) scenarios and 
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steps, e) exchanged information, and f) interconnection with other Use Cases. The 
comprehensive definition of these Use Cases is a critical step for the future 
development of SMHYLES solutions and will guide demonstration activities.  
 

• Business Cases: in relation to SMHYLES Use Cases, five distinct Business Cases 
have been analysed to define potential business scenarios that, together with the 
Use Cases, guide the user requirements definition process. Each Business Case 
has been linked to at least one Pilot Site, and a clear association between each 
Business Cases and the relevant Use Cases has been established. For each 
Business Case, potential services are to be offered, the key actors involved and 
their roles, the main objectives of each service, the required inputs to achieve the 
Business Case goals, and the expected benefits have been identified with the 
support of the pilot site leaders. Additionally, obstacles and barriers to Business 
Case implementation have been categorized into five main groups: Regulatory 
and Legislative, Economic and Market, Technical, Social, and Organizational. This 
analysis of obstacles and barriers has provided an initial understanding of the 
feasibility of implementing the Business Cases at the SMHYLES Pilot Sites.  
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ANNEX I REGULATORY FRAMEWORK  

 

Description of regulatory framework and online links 

At a country level, are you aligned with the above-
mentioned laws? 

………………… 

If no, please clarify why you are not aligned ………………… 

Is there any other national regulation related to these 
aspects that you refer to?  

Please, answer “yes” or “no” providing details about it. 

………………… 

How do you think government policies have affected 
electricity and energy storage market in your country, 
and your organization in particular?  

………………… 

How do you think the government’s electricity and energy 
storage policies might influence the market in the future? 

………………… 

Are there tools with which the government is 
incentivizing energy transition (e.g. EU Recovery Fund)? 

………………… 

What do you think are the legislative, legal and market 
barriers facing electricity and energy storage market in 
your country? How can they be mitigated? 

………………… 

Is there existing legislation (or specific national/regional 
support programs) in your country that has had a 
negative impact on your works? If so, how has it acted as 
a barrier? 

………………… 

Which are the existent remuneration schemes, if any 
(e.g.: for surplus energy generated by prosumers)?  

Please indicate the legislative or project/initiative 
reference 

………………… 

Other relevant information ………………… 

Bibliography ………………… 
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ANNEX II SMHYLES USE CASES 
TEMPLATE 
• Description of the Use Case 

ID Area domain Name of use case 
UC Microgrid/Power system  
Short description  
 
Complete description: 
 
• Diagram of use case  

Diagram Name 
 
Diagram Type 
 
Diagram Caption 
 
Diagram 
 
• Technical details 

o Actors 

Actors 

Actor Name  Actor Type  Actor Description  
Further information specific 
to this Use Case  
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o Scenario overview 

  
  
  
  
  

o Key performance indicators (KPIs) 

Name Description 
  
  
  

 

• Step by step analysis of use case 

Use case conditions 
Assumptions 
 
 
 
 
Prerequisites 
 
 
• Information exchanged  

Scope: 
 
Objective(s) 
 
 
 
Possible related business case(s)  
 
• Interconnection with other UCs 

Relation to other use cases 
 
Level of depth 
 
Prioritization 
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Generic, regional, or national relation 
 

ANNEX III BUSINESS CASES SURVEY 
TEMPLATE 

BCX Partners Inputs 

Please provide a full BC description ………………… 

• With respect to the BC in question, would you describe the kind 
of services you would like to offer?  

• ………………… 

• Who are the main actors involved in the business case, their 
roles, and responsibilities? 

• ………………… 

Which are the objectives you intend to achieve by offering the 
services envisaged within this business case?  
If possible, specify how do you intend to reach the objectives just 
described  

………………… 

Which are the inputs do you need to achieve your objectives?  
(examples of inputs are technological, economic, and financial 
resources; policies and incentives; partnerships, business 
relations, etc.) 

………………… 

What are the benefits that can be obtained by offering those 
services, both from the company point of view and from an 
external perspective?  

………………… 

 

BCX 
Category of 
obstacles Short Description of obstacles Priority 

(H/M/L) 
Qualitative Rating 
(open comments) 

Regulatory and 
Legislative    

Economic and 
Market    

Technical    
Social    

Organizational    
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Project partners 

 

• Fondazione Bruno Kessler, Italy 

• Hochschule für angewandte Wissenschaften Landshut, Germany 

• Fraunhofer-Institut für Chemische Technologie ICT, Germany 

• Bayerische Forschungsallianz GmbH, Germany    

• CIRCE, Spain 

• C2C-NewCap, Portugal 

• Capwatt, Portugal 

• Capwatt Services, Portugal 

• Graciolica Lda., Portugal 

• INESC TEC, Portugal 

• Tomas Bata University Zlin, Czech Republic 

• RINA Consulting, Italy 

• Comete Engineering International, Tunisia 

• INDRIVETEC AG, Switzerland 
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COORDINATION 
Edoardo Gino Macchi 
Head of Battery and Electrification 
Technologies Unit – BET 
Centre for Sustainable Energy – SE 
Fondazione Bruno Kessler - FBK 
Phone: +39 0461 314 887 
E-mail: emacchi@fbk.eu 

 

Disclaimer: 
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