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Abstract: This policy paper explores various strategies that would facilitate transitioning the traditional
Jordanian electrical grid to a secure smart grid. It includes comprehensive recommendations from academia
and industry for the regulatory and governmental sector in Jordan to achieve specific roadmap objectives. As
Jordan is heavily dependent on fossil fuels, This policy paper also provides recommendations for incorporating
more renewables into its energy mix, thereby facilitating a sustainable future. The proposed policies will
emphasise the creation of an enabling environment where innovation, research, and development initiatives

flourish, thereby promoting private sector engagement.
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1. Executive Summary

This policy paper explores various strategies that would facilitate transitioning the traditional
Jordanian electrical grid to a secure smart grid. It includes comprehensive recommendations from
academia and industry for the regulatory and governmental sector in Jordan to achieve specific
roadmap objectives. As Jordan is heavily dependent on fossil fuels, This policy paper also provides
recommendations for incorporating more renewables into its energy mix, thereby facilitating a
sustainable future. The proposed policies will emphasise the creation of an enabling environment
where innovation, research, and development initiatives flourish, thereby promoting private sector
engagement.

2. Introduction

As a country, Jordan is heavily reliant on fossil fuels to meet its energy needs. As of 2021, 73%
of the total generation was from natural gas, with only 26% from renewable sources [1]. Therefore,
great benefit can be derived from converting the electrical grid into a smart grid, primarily owing to
its potential to enhance the reliability and efficiency of the electric grid by incorporating renewables,
further improving its energy security [2]. Consequently, the Government formulated a National
Energy Strategy initially spanning 2015-2025 and subsequently for the period covering 2020-2030,
whose primary focus was to ensure energy security by means such as investing in renewable energy
sources, improving energy efficiency, and exploring alternative energy sources [3]. This commitment
is evident in the wheeling PV projects GID and ASEZA, undertaken by the National Electric Power
Company (NEPCO) in 2022 with capacities of 15 MW and 5 MW, respectively [4]. The increased
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deployment of renewable energy sources is evident in Table 1, which indicates the rise in renewables
from 11% to 27% between 2018 and 2022. Figure 1 depicts the electrical energy generation for 2022.

Table 1. Electrical Energy Production in Jordan (2018-2022) [1, 5-9].

Year Natural Gas Renewable % Heavy Fuel Oil % | Oil Shale %
2018 86% 11% 3% 0%
2019 87% 13% <1% 0%
2020 80% 20% <1% 0%
2021 73% 26% <1% <1%
5% B Ronowali Enoroy27%
[loil Shale %5

27%

Figure 1. Electrical Generation Sources for 2022 in Jordan [9].

Several countries across the globe have successfully incorporated smart technologies into the
electrical grid. For example, North America, specifically the USA, has been a global leader in
deploying smart grid technologies in order to improve the efficiency and reliability of the electricity
grid. The growth of advanced infrastructure through heavy investments has significantly facilitated
the adoption and integration of renewable energy sources in the grid, with investment costs likely to
increase by almost 13.8 billion dollars by 2024 [10]. Another major adopter of smart grid technologies
is China, as growth in urbanisation has increased the need for demand and supply balancing, which
may be achieved with demand-side response activities that are compatible with smart grid
technologies [10]. Furthermore, the 5G smart grid project has helped minimise power consumption
in 5G base stations with the help of peak-clipping and valley-filling methods [10].

Transitioning to the full use of smart meters has been suggested as the main process of
converting Jordan’s traditional electrical grid into a smart grid [11]. While countries such as New
Zealand have achieved 90% smart meter penetration, the Jordan Energy Sector Strategy (ESS) action
plan failed to meet its 40% rollout target by 2022, primarily due to limited finances and the effects of
the COVID-19 pandemic [11]. This policy paper, therefore, provides a comprehensive roadmap,
including recommendations for the Hashemite Kingdom of Jordan to incorporate smart technologies
into the electricity grid, thereby increasing its flexibility, efficiency, and robustness in satisfying the
nation’s growing energy needs.
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3. Overview of the Jordanian Electrical Grid

The current electrical grid infrastructure in Jordan is divided into several companies with three
categories: generation, transmission, and distribution.
Generation: There are three main companies that produce electricity in Jordan:

*  Central Electricity Generation Company (CEGCO)
e  Samra Electric Power Company (SEPCO)
e  Amman East Power Plant (AES)

As of 2021, the generation companies produce electricity primarily from natural gas (73% of the
total generation) and renewable energy (26% of the total generation), with 1% from other sources [1].
Additionally, the generation companies sell all their generated electricity to the National Electric
Power Company (NEPCO).

Transmission: NEPCO is the only company that owns the transmission infrastructure in Jordan.
NEPCO purchases electricity from the generation stations and sells it to the distribution companies
to provide power to the consumers. The electricity is transmitted using 400 KV and 132 KV as high-
voltage transmission lines through 33KV/132KV and 132KV/400KV substations and provide power
to the distribution companies as 33KV as medium-voltage through 400KV/132KV and 132KV/33KV
substations.

Moreover, the Jordanian electrical network is connected internationally with the following
countries:

*  Egypt through 400 KV transmission lines with 550 MW capacity.

e  Syria through 400 KV transmission lines with 800 MW capacity.

*  Palestine through 132 KV transmission lines with 80 MW capacity.

®  Saudi Arabia through 400 KV transmission lines with 1000 MW capacity.
¢ Iraq through 400 KV transmission lines with 200 MW capacity.

Distribution: Three distribution companies purchase power from NEPCO and provide
electricity to the consumers and prosumers: Irbid District Electricity Distribution Company (IDECO)
in the northern states, Jordan Electric Power Company (JEPCO) in the middle states, and Electricity
Distribution Company (EDCO) in the southern states. The distribution network receives power from
33 KV substations and decreases the voltage to 11 KV and 400 V as low voltage levels.

There are some challenges associated with the current grid. For example, the energy demand is
increasing rapidly, as depicted in Figure 2. This increase in demand invariably puts more pressure
on the grid, underscoring the need to transition to a smart grid where optimal control of the grid is
possible.
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Figure 2. Peak Load Demand in Jordan (1980-2022) [5].
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The energy efficiency of Jordan's transmission lines and electrical distribution networks are
outlined in Table 2. The low level of efficiencies, particularly for the transmission lines, may be
improved with real-time monitoring, control, and optimisation offered by smart grids. Automatic
control systems would optimise the operation of the grid to reduce line losses, thereby enhancing the
efficiency of the transmission and distribution of electric power.

Table 2. Efficiency of the Transmission and Distribution Networks in Jordan [4, 12-25].

Year Transmission Distribution Networks
Lines
NEPCO’s Network | JEPCO'’s EDCO’s Network | IEDCO’s Network
Network
2018 1.98% N/A 11.88% 10.38%
2019 2.18% 13.06% 11.88% 11.72%
2020 1.72% 14.26% 12.80% 11.68%
2021 1.72% 14.28% 12.55% 10.99%
2022 1.94% 14.29% 12.04% 11.94%

In order to transition the system to a smart grid, some noteworthy upgrades must be made.
Jordan has proposed some noteworthy initiatives, including the creation of the Executive Action Plan
of Jordan Energy Strategy 2020-2030 [26]. The plan highlighted the nation’s plans for creating a smart
grid infrastructure through the widespread use of technologies such as smart meters. It is therefore,
envisioned that the nation is on its way to continue improving and upgrading its electricity grid.

Figure 3 below highlights the interactions between the different elements constituting a smart
grid. It shows how the implementation of smart grids requires a significant upgrade from a
traditional grid in terms of infrastructure, such as communication links and smart devices, in order
to modernise and optimise the operation of the grid, which is necessary to to tackle challenges,
including adopting renewables, electric vehicles, heat pumps, and smart buildings.
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Figure 3. Relationships between different Elements of the Smart Grid [27].

4. Roadmap Objectives to transition to a Secure Smart Grid

The objectives of a smart grid roadmap are to guide the systematic development and
implementation of smart grid infrastructure. These objectives focus on achieving specific outcomes
that contribute to the overall success of the smart grid initiative in the Jordanian context. It is pertinent
to note that a well-planned and phased approach, with a focus on collaboration, stakeholder
engagement, and adaptability, is essential for the successful implementation of a smart grid.

Here are some key roadmap objectives:

e  Enhance Grid Efficiency: This objective can be achieved by implementing technologies and
strategies e.g., smart meters, to optimise the overall efficiency of the power grid, reducing losses
and improving energy utilization.

e Improve Grid Reliability: This objective can be achieved by enhancing grid monitoring and
control capabilities to minimize downtime, respond to faults promptly, and improve overall grid
reliability.

e  Facilitate Renewable Energy Integration: This objective can be achieved by developing the
infrastructure to seamlessly integrate renewable energy sources into the grid, supporting a
transition to a cleaner and more sustainable energy mix.

e Integrating Low-Carbon Technologies: As we chart the roadmap toward transforming the
conventional electrical network into a smart grid, a pivotal step lies in the strategic integration
of low-carbon technologies. Notably, the adoption of heat pumps and hydrogen technology
emerges as a cornerstone in this evolutionary journey.

¢  Enable Demand Response: This objective can be achieved by implementing demand response
programs and technologies to engage consumers in actively managing their energy
consumption, contributing to grid stability.

e  Ensure Cybersecurity: This can be achieved by establishing robust cybersecurity measures to
safeguard smart grid components and data from cyber threats, maintaining the integrity and
security of the grid.
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¢  Promote Grid Resilience: This can be achieved through developing strategies and technologies
to enhance the resilience of the grid against natural disasters, cyber-attacks, and other potential
disruptions.

¢  Empower Consumer Participation: This can be achieved through educating and empowering
consumers to actively participate in grid management, promoting energy efficiency and
sustainability.

e  Optimize Asset Utilization: This can be achieved by using advanced monitoring and control
systems to optimise the utilisation of grid assets, prolonging their lifespan and reducing the need
for frequent replacements.

e  Enable Data-Driven Decision-Making: This can be achieved by establishing comprehensive
data management and analytics capabilities to derive actionable insights, enabling informed
decision-making for grid optimisation.

¢  Facilitate Interoperability: This can be achieved through implementing standards and protocols
to ensure interoperability among different smart grid components, promoting seamless
communication and integration.

¢ Promote Environmental Sustainability: This can be met through integrating environmentally
sustainable practices and technologies into the grid infrastructure, contributing to overall
environmental conservation efforts.

¢  Enhance Grid Flexibility: This can be achieved by providing flexibility services to the broader
energy grid, allowing for dynamic adjustments to changing energy demand and supply
conditions.

e  Foster Innovation: This can be achieved by encouraging continuous innovation in smart grid
technologies, and practices to stay abreast of emerging trends and opportunities.

e  Build Public Awareness: This can be achieved by conducting public awareness campaigns to
inform and educate the public about the benefits of the smart grid, fostering positive perception
and support.

e  Create Collaborative Partnerships: This objective can be achieved by fostering collaboration
with industry partners, technology vendors, research institutions, and other stakeholders to
leverage collective expertise and resources.

e  Establish a Phased Implementation Approach: This can achieved through developing a phased
approach to the implementation of smart grid technologies, allowing for systematic deployment,
testing, and optimisation.

e  Monitor and Evaluate Performance: This can be achieved through defining and regularly
monitoring key performance indicators (KPIs) to assess the performance and success of the
smart grid implementation, enabling continuous improvement.

These objectives collectively contribute to the overarching goal of developing a modern,
efficient, and sustainable smart grid infrastructure that meets the needs of the present and future
energy landscape.

5. Alignment with Sustainable Development Goals (SDGs)

Aligning a smart grid roadmap with Sustainable Development Goals (SDGs) involves
incorporating environmental and socio-economic considerations into the planning and
implementation of smart grid initiatives. Some of the means by which the objectives may be aligned
with SDGs are outlined below:

Environmental Considerations:

1. Renewable Energy Integration (SDG 7 - Affordable and Clean Energy):
e  DPrioritise the integration of renewable energy sources into the smart grid.
e  Develop strategies to increase the share of clean energy in the overall energy mix.
2. Energy Efficiency (SDG 7):
e Implement technologies like smart meters and demand response programs to optimise

energy consumption.
e  Utilize advanced monitoring and control systems to enhance grid efficiency.
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3. Reduced Carbon Emissions (SDG 13 - Climate Action):

e  Promote the use of smart grids to reduce greenhouse gas emissions by optimising energy
distribution and consumption.
e  Encourage the adoption of electric vehicles and other low-carbon technologies.

4. Environmental Sustainability (SDG 15 - Life on Land):

e Integrate environmental conservation practices into smart grid infrastructural
development.
e  Consider the impact of smart grid technologies on biodiversity and ecosystems.

Socio-Economic Considerations:

1. Access to Energy (SDG 7):

e  Ensure that smart grid initiatives contribute to increased energy access to reliable and
affordable electricity for all.

e  Implement solutions that address energy poverty and provide electricity to underserved
areas.

2. Job Creation and Economic Growth (SDG 8 - Decent Work and Economic Growth):

e  Foster innovation and create job opportunities by investing in the development and
deployment of smart grid technologies.
e  Collaborate with local industries and businesses to stimulate economic growth.

3. Infrastructure Development (SDG 9 - Industry, Innovation, and Infrastructure):

e  Align smart grid projects with broader infrastructure development goals, contributing to
the growth of a robust and resilient energy infrastructure.

e  Support the development of smart grid technologies and solutions as part of national
innovation strategies.

4.  Community Engagement (SDG 11 - Sustainable Cities and Communities):

e Involve local communities in the planning and implementation of smart grid projects.
e  Conduct public awareness campaigns to educate communities about the benefits of smart
grids and involve them in the decision-making processes.

5. Education and Training (SDG 4 - Quality Education):

e Investin education and training programs to build the skills required for the operation
and maintenance of smart grid technologies.

e  Collaborate with educational institutions to develop curricula that align with the needs of
the evolving energy sector.

6. Affordability and Inclusivity (SDG 10 - Reduced Inequalities):

e  Ensure that the benefits of smart grid technologies are distributed equitably across
different socio-economic groups.

e Develop pricing models and policies that consider the affordability of smart grid services
for all customers.

7. Health and Safety (SDG 3 - Good Health and Well-being):

e Implement safety measures in the deployment of smart grid technologies to protect the
health and well-being of workers and communities.
e  Monitor and address any potential health impacts associated with the new technologies.

6. Regulatory Reforms and Recommendations

1. Assessment and Planning: It is vital for the existing power grid infrastructure to be evaluated
to determine the current level of development, identify strengths and weaknesses, and
determine the level of infrastructural investment required to develop and upgrade to a smart
grid. Smart grid assessment models such as the IBM Smart Grid Maturity Model, the DOE Smart
Grid Development Evaluation System, the EPRI Smart Grid Construction Assessment
Indicators, and the EU Smart Grid Assessment Benefits Systems have successfully been used in
several countries in the planning stage [28] and should therefore be employed.
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It also becomes important for the Government to engage with key stakeholders, including
utilities, regulatory bodies, technology providers, and consumers, to specify the requirements of the
smart grid. This is necessary to develop a regulatory framework that aligns with existing policies
governing the electricity sector. Stakeholder opinions on the structure of the smart grid, such as the
integration of renewables, communication protocols, and energy management systems, may be
sought using structured techniques such as the Delphi method [29]. It is pertinent to note that
qualified individuals are needed in key positions in the energy management sector of the nation to
ensure that a solid plan is in place for a sustainable smart grid future [30].

2. Technology Integration: Successful smart grid implementation requires the integration of
advanced technologies, including smart meters, sensors, and communication networks. The
current infrastructure in Jordan, particularly in the rural regions, may not be adequate to support
transitioning to a smart grid [2]. Hence, the following recommendations are made for the main
components of the smart grid [31]:

e Advanced Metering Infrastructure (AMI): Implement smart meters for real-time
monitoring and control of energy consumption to maintain reliable bidirectional
communication. It is important for AMI to be considered in the smart grid planning phase,
as the magnitude of data it handles is directly related to the capacity of the smart grid.

e  Communication Networks: Develop or upgrade communication networks to facilitate data
exchange between grid components.

e  Sensors and Automation: Deploy sensors and automation technologies for improved grid
monitoring, fault detection, and response.

3. Renewable Energy Integration: Develop strategies to further integrate more renewable energy
sources, as well as other distributed energy resources, into the electricity grid. Energy storage
devices, which may be used to improve the grid (e.g., in the case of superconducting magnetic
energy storage eliminating grid signal fluctuations in Malaga, Spain [32]), should also be
considered. It is also vital to overcoming integration challenges such as grid synchronisation,
voltage fluctuation, and power quality distortions by investing in advanced grid control
equipment [31].

4. Energy Storage Facilities: Integrate energy storage facilities will help to address the challenges
posed by renewable energy sources' intermittency by storing excess energy when the generation
is higher than the energy demand and later use the stored energy when the energy demand is
higher than the energy generation [33]. The energy storage facilities contribute to improving grid
reliability [34][35]. They can also provide backup power during outages and stabilize the grid
[36]. The storage facilities can provide ancillary services to the system, such as the frequency
response [37], and peak shaving [38][39].

5. Low carbon technologies: the adoption of heat pumps and hydrogen technology emerges as a
cornerstone in this evolutionary journey. Heat pumps are energy-efficient devices leveraging
ambient heat from the surroundings, providing an eco-friendly alternative for heating and
cooling needs. By incorporating heat pumps into the smart grid infrastructure, we enhance
energy efficiency, reduce carbon emissions, and pave the way for sustainable and cost-effective
temperature control solutions. This integration aligns with the overarching goal of creating a
greener and more resilient energy ecosystem. Another key player in the low-carbon landscape
is the Hydrogen Technology. Hydrogen technology offers versatile applications, from clean fuel
for transportation to energy storage solutions. Integrating hydrogen technology into the smart
grid facilitates the storage and efficient utilisation of renewable energy sources. This not only
addresses the intermittency challenges associated with renewables but also positions the smart
grid as a dynamic, adaptable system capable of harnessing the full potential of green energy.
The significance of these low-carbon technologies extends beyond immediate environmental
benefits. Their integration injects flexibility into the smart grid, fostering a responsive and
intelligent energy network. By strategically incorporating heat pumps and hydrogen
technology, we not only reduce our carbon footprint but also lay the groundwork for a resilient,
future-proof energy infrastructure that aligns with global sustainability goals.
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6. Data Management and Analytics: There is a need to establish accurate mechanisms for
collecting, storing, and managing large volumes of data generated by smart grid technologies.
These may further be analysed with methods such as predictive analytics, forecasting and
optimisation to derive actionable insights from the collected data, thereby enabling better
decision-making.

7. Grid Monitoring and Control: Implement advanced control systems such as SCADA to manage
and optimize grid operations. This can include demand response methods, such as evolutionary
computation and fuzzy logic, to drive down cost and energy consumption [31]. Additionally,
real-time monitoring of power flows, voltages, and other critical parameters will greatly
improve the operation of the smart grid.

8. Cybersecurity and Resilience: Implement cybersecurity measures (e.g., encryption and
authentication) aimed at protecting the smart grid components from cyber threats and attacks,
thereby maintaining confidentiality, integrity, and availability of data [40]. Tailored resilience
planning should ensure that the grid is resilient in the face of natural disasters, cyber-attacks,
and other potential disruptions that may likely affect the grid. Consequently, there is a need to
develop a security policy to protect the integrity of the smart grid [31].

9. Standardization and Interoperability: Adopt and adhere to industry standards to ensure
compatibility and interoperability of different smart grid devices. Conduct interoperability
testing to verify the seamless interaction of different technologies. For example, the IEC 61850
and IEEE 1815 standard communication protocols [41] ensure effective communication and
compatibility between the different intelligent devices connected to the smart grid.

10. Pilot Projects and Deployment: Initiate small-scale pilot projects to test and validate smart
technologies before deployment on a large scale. A phrased approach for deploying smart grid
technologies should be implemented to manage risks and ensure a smooth transition.
Additionally, knowledge sharing from established smart grid pilot projects should be
considered, as this is one of the crucial steps in transitioning to a smart grid [42 - 47].

11. Monitoring and Evaluation: Define key performance indicators (KPIs) to measure the impact
and operability of the designed smart grid [48]. These include, but are not limited to:

e  Voltage Stability: Assesses the stability of voltage levels throughout the grid.

e Renewable Energy Penetration: Measures the percentage of renewable energy sources
integrated into the grid.

e  Peak Load Reduction: Indicates the reduction in peak energy demand achieved through
demand response.

e Incident Response Time: Measures the time taken to respond to and mitigate cybersecurity
incidents.

. CO2 Emission Reduction: Measures the reduction in carbon dioxide emissions associated
with grid operations.

e  Energy Efficiency Improvement: Evaluate the improvement in overall energy efficiency
achieved by the smart grid.

12. Customer Engagement: Customers are expected to play a more active role in smart grids. Hence,
consumer education strategies and public awareness programs should be conducted to ensure
that consumers are made aware of the benefits and functionalities of the smart grid [49]. This
will not only contribute towards encouraging energy-efficient practices but also stimulate
customer involvement in demand response programs, which is crucial to the success of the smart
grid.

13. Energy Management Solutions: Incentivise energy management solutions that optimise load
balancing and energy consumption, ensure efficient use of resources, manage peak loads to
prevent grid congestion, distribute intelligently loads, and facilitate strategies like time-of-use
pricing and demand response [40-53].

14. Training and Capacity Building: Provide training programs to equip the workforce with the
skills required to operate and maintain smart grid technologies. Investing in education and
training programs focused on emerging technologies is also vital, as it further ensures that the
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workforce is equipped with relevant skills for the future job market. Curriculum and training
modules that align with the needs of the market can be developed through collaborations with
industry experts.

15. Collaboration and Partnerships: Foster collaboration with technology vendors, research
institutions, and other stakeholders to leverage expertise and resources. Explore partnerships
with private entities to facilitate smart grid investments and implementation.

Conclusion

The Jordanian electrical grid stands to benefit tremendously from transitioning to a smart grid.
The road map objectives highlighted in this paper can serve as a guide to creating a comprehensive
plan for the successful deployment of smart grid technologies. By addressing the regulatory reforms
and recommendations, the Kingdom of Jordan can create a thriving innovation ecosystem, foster
sustainable development, and achieve its roadmap objectives. Collaboration between academia,
industry, and the Government will be critical to achieving the objectives and ensuring a prosperous
future for the nation. As part of the recommendations, the paper further underscores the importance
of assessing and planning for smart grid implementation by evaluating existing infrastructure, as
well as engaging stakeholders. It recommends the integration of advanced smart technologies such
as smart meters, upgraded communication networks, and sensors for real-time monitoring. It
highlights the strategies for renewable energy integration, along with the need for accurate data
management and analytics. Standardisation of devices, small-scale pilot projects, and gradual
deployment are also recommended to mitigate risks. Key performance indicators are suggested for
effective monitoring and evaluation, while consumer engagement through education programs is
highly encouraged. Finally, the paper calls for workforce training, with education in emerging
technologies, along with collaboration with technology vendors to leverage expertise and resources.
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