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Introduction
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CESI
CESI is a leading player in Engineering, Testing and Consulting for the electricity sector worldwide. 
With a network of more than 1000 experts and offices in Milan, Berlin, Dubai, Rio de Janeiro, Mannheim 
and Washington DC, CESI has provided for more than 60 years services to governments, regulatory 
bodies, utilities, international financial institutions and development banks in over 40 countries 
worldwide.

Experience in Med & Africa

Regional Interconnections and Power
Markets Integration

Integration of RES generation into the Power 
System

Integration of Intermittent RES into 
power systems

Integration of RES generation into the Power 
System

Feeding of Rural and Isolated areas



How innovation can enhance the power 
systems developments

Regional Interconnections and 
Market Integration

Integration of Intermittent 
RES into the power systems

Rural Electrification and 
Feeding of Isolated Areas

Key Issues

ü System Security and Quality of supply 
ü Long Term reliability of the business 

case; Cost-benefit quantification and 
allocation

ü Actual installed capacity to match 
system security constraint (reliability 
of local networks and availability of 
conventional reserve)

ü RES Connection rules & criteria

ü Cost affordability and 
modularity

ü Asset «physical security»

Planning 
criteria

ü Technical innovation on components 
and systems to enhance the 
interconnection flexibility (i.e. HVDC 
VSC)

ü Leverage on Big Data & Analytics 
to enhance  the Forecasting of loads 
and RES generation and to perform 
system security assessments

ü Sophisticated regional network 
models, based on deterministic criteria 
and able to scout techno/economic 
alternatives of electricity/oil&gas.

ü Advanced probabilistic analysis 
in order to properly account RES 
intermittency

ü «Frugal Innovation», applied to 
both components and systems
(smart devices to improve the 
power quality at the «last-mile» 
appliance level.. )

ü Lower redundancy ; Less restrictive 
and severe criteria for quality and 
continuity of supply.

ü Focus on cost affordability and 
realistic implementation
timeframes

Technologies
& Solutions

ü Advanced CBAs ( computation of overall social welfare together with)

Innovative approaches 



Key Case 1 – Regional Interconnections

Key examples of regional power system optimisation

1 – Regional Electricity and Oil&Gas Interconnection across the Arab Countries

Syria 

Morocco 
Algeria  

Libya   Egypt    

Mauritania 

Tunisia    

Saudi Arabia

Yemen    

Oman
UAE   

Qatar   
Bahrain 

Iraq

Kuwait
Jordan

Lebanon

Western 
Sahara 

Existing Gas Pipeline
Possible New Gas Pipeline
Existing Electrical Interconnections
Possible New Electrical Interconnections

The study outlined that the implementation 
of the envisaged set of optimized 
infrastructure would bring several benefits 
over the planning period 2012-2030 by 
comparison with a country based planning, 
and namely in the range of:
ü CAPEx reduction: 130 Billion USD
ü OPEX reduction: 120 Billion USD 
ü 700 M of CO2 tons avoided

ü The recent study outlined completely 
different power flows by comparison with 
similar studies performed some years 
before due to changes in two power 
systems economics.

ü The optimal size for the interconnector 
which maximises the overall Welfare 
(Generators to Customers) might be 
different from the best size from the 
Investors standpoint.

2 - Submarine interconnection netween Italy and Northern Africa

Some of the Companies we 
have supported  in similar 
studies over the last years



Key Case 2 – Integration of RES Generation

Key examples of RES integration optimization

1 – Local Network Reinforcements and 
Regional Interconnections to solve over-
generation issues and facilitating more RES 
penetration.

Impact	of	the	Italy- Tunisia	
Interconnector	on	the	Northern	Border	

Gross	Transfer	Capacity

Key Findings & Reccomendations
2- Advanced Load and RES generation 
Forecasting tool, coupled with advanced 
dispatching algorithms and dynamic 
security assessment

Development	of	advanced	algorithms	for	load	
demand	and	wind	production	forecast	(Italy,	
Terna)

3- Definition of tailored rules and criteria 
for RES connections into the network 

• Frequency regulation
• Inertia support
• Voltage control
• Protection settings
• Fault Voltage ride through
• Data Exchange between 

TSO and DSOs

Definition	of	Connection	Standards	for	Rooftop	
solar	Generation	in	the	Middle	East

PV	
Production	
in	Italy

Main Issues

ü Requirement for additional reserve and 
balancing capacity

ü Difficult transitions in the ramp 
up/down hours

ü Risk of over generation in low loading 
conditions

ü Risk of price distortion in low loading 
conditions

Wind	Farm	
production	
in	Ireland	



Key Case 2 – Integration of RES Generation

Key studies performed by CESI

Integration of Non-Programmable Renewable Energy in the 
National Electric System of Algeria and Kenya

1 – Maximum Acceptable RES Penetration

Limitation	of	PV	
installed	capacity	at	
2030	without	
network	
reinforcement	and	
enhancement	of	
conventional	
reserve

Key Outputs

2- Required Network Reinforcement
Line	
reinforcements	
needed	to	reduce	
the	production	
curtailment	of	
15,600	MW	non-
programmable	
RES		at	2030

3- Detailed CBA

Quantification	of	
associated	
benefit	and	costs	
in	different	
scenarios	for	Gas	
Price,	CO2	costs,	
Capex	for	
technology	
procurement	and	
FIT.

Scope	of	Work:
• Assessment	of	the	maximum	amount	of	non-programmable	

renewable	generation	that	is	possible	to	integrate	ensuring	the	
reliability,	integrity	and	efficiency	of	the	power	system.

• Assessment	of	benefits	related	to	renewable	energy	integration	
in	the	system	and	impact	on	the	energy	cost	by	means	of	
reliability	and	market-based	analysis.

• Evaluate	the	adequacy	of	transmission	and	sub-transmission	
system to	transport	the	power	generated	by	the	non-
programmable	RES	power	plants	and	propose	network	
reinforcements	needed	to	maximize	the	non-programmable	RES	
integration.



Key Case 3 - Feeding of Isolated Areas
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Technical-economic evaluation relevant to alternative solution to feed isolated area

Phase 3: 
Launch

ü local diesel generators with oil transported from hundreds of km;
ü local non-volatile RES: hydro, biomasses, geothermal;
ü volatile RES as PV or wind with possible storage systems;
ü connections, even hundreds of km long, to cheap sustainable power sources (convenient power 

plant or interconnected system);
ü hybrid systems

Key Findings and Recommendations:
Above a certain distance from the main network and based on the application of specific 
technologies, hybrid systems can be not only more easily implemented from a technical perspective 
but also economically competitive.

Feasible alternatives to feed isolated areas:

area with a radius of 15-30 km, located at 
1000 km road distance from the nearest 
harbor for import of fuel, machinery, 
equipment and materials; two values of 
transport costs: 8 and 16 $/(ton•km);

ISOLATED AREAS

Diesel	plants ≤	1MW
Diesel	plants >	1MW



Conclusion and final reccomendations
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Concerning the reinforcements of the power systems in Africa, which are 
key enablers for the development of Renewable generation, innovation can 
play a major role:

• In regional and cross-border interconnections, where more accurate and 
advanced criteria for evaluating costs and benefits can help optimising the 
proper developments and technological innovations on key components can 
strengthen the business case.

• In analyzing the problem of RES penetration, where innovative approaches 
including probabilistic analysis help to determine the maximum amount of RES 
reasonably acceptable and the required network reinforcements, whereas great 
contribution might be given by innovative digital technologies (Big Data & Data 
Analytics), particularly on forecasting applications.

• In isolated areas, where the conventional planning criteria could be 
substituted by different requirements, less restrictive in terms of quality and 
continuity of supply, and “frugal innovation”, particularly applied to the last mile 
devices, could support the techno and economic viability of rural electrification 
even in absence of a conventional grid connection.
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