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8:45 Welcoming participants 
 
9:00 Opening Ceremony 
André Merlin, Past President CIGRE, Former Founding President RTE, AGP’21 
  
Session 1 : Global electricity network feasibility  
9:15 – 10: 45 
Chairman: André Merlin, Past President CIGRE, Former Founding President RTE, AGP’21 
Rapporteur: Gerald Sanchis, RTE, Convener CIGRE, WG C1.35, France. 
 
1.1 L: Global electricity network feasibility study, Presentation of the results of the 
CIGRE C1.35 working group.  
by Gerald Sanchis, RTE, Convener WG C1.35 
 



 
 

With the development of the Renewable Energy Sources (RES) worldwide, the concept of a 
global electricity network has been envisioned in order to take advantage of the diversity 
from different time zones, seasons, load patterns and the intermittency of the generation, 
thus supporting a balanced coordination of power supply of all interconnected countries. 
In 2016, CIGRE, the International Council on Large Electric Systems, decided to launch a 
feasibility study on this concept of global electricity network. In this respect, the Working 
Group (WG) C1.35 has been set up to provide a possible geographical and technical 
configuration and preconditions for its feasibility considering technology and economical 
aspects. 
The presentation will introduce the results of this CIGRE concept study on the global 
electricity network. It addresses the challenges, benefits and issues of uneven distribution of 
energy resources across the world, as they affect the goal to achieve overall sustainable 
energy development. The potential of RES taken into account are wind energy, and 
particularly solar energy.  The time horizon selected is 2050, in line with several past energy 
studies and with the scope already chosen by policy makers. 
 
1.2 SI: HVDC Technology key issues for energy grids  
by  Marcio Szechtman, CEPEL – Brazilian Power Research Centre, Brazil 

To reduce thermal electricity generation and increase the integration of renewable and clean 
energy sources, many initiatives to develop Energy Grids have been seen in the international 
electric community. The term Energy Grids sometimes has also been referred to as Overlay 
Networks, which would be superimposed above national or regional electric systems.  

Clean energy resources may be located in remote areas and additionally they may show 
time zone and climatic diversities.  

Therefore, when thinking towards a better global planet, the interconnection of these 
valuable sources must imply in developing suitable transmission arrangements in order to 
acquire all benefits arising from this integration.  

Under this scope, suitable transmission arrangements have to seriously consider HVDC 
technologies, as probably the best solution to be applied.  

This presentation will focus on key technological aspects of the HVDC systems to turn these 
ideas into realities.  

1.3 SI: European infrastructure, Supergrid, for 2050 
by Spyros Chatzivasileiadis, DTU, University Technical of Denmark, Denmark 
 
In this short intervention we present results related to the development of the European 
Supergrid infrastructure for 2030 and 2050. Drawing from our work in two European projects, 
“Best Paths” and “IRENE-40”, we discuss the appropriate infrastructure measures that lead 
to the integration of over 80% renewable power. Using an 8,000 node European model, 
together with a single-node per country model, we study the interactions between AC and 
DC grids, the impact of the new infrastructure on the successful integration of RES, and the 
resulting effect in operating costs. We present quantitative results from simulations and we 
make policy recommendations. Based on our results, we highlight the benefits of controllable 
flows that HVDC links offer, and we put forward the concept of a “Fully Controllable Power 
System”.  
 
1.4 SI: Multinational power system interconnection from INGA (DRC) 
by Beleke Tabu Leonard, Betec Sarl, RD Congo (Communication sent by email - 
impossibility of presence of Mr. Beleke Tabu Leonard). 



 
 

 
The main purpose of this paper is to make wildly known the deals that have taken place over 
the years with potential users of the energy to be produced by INGA dams, total of which are 
eight. Some users come from within Africa, others beyond. Considering the extremely costly 
infrastructure to be built at the site, formal agreements with future users become a 
prerequisite to investing in the project. 
 
As for main features of the site and of this whole endeavor, Congo River by itself is no less 
than a wonder. It crosses the Equator geographic line, such as when it is dry season in the 
north, it is raining season southwards and vice versa, thus offering a regular water flow 
throughout the year. Congo River flow is second largest in the world after the amazon one 
(Historical minimum 21,000m3/S in 1905; Historical maximum 83,400m3/S).   
A table summarizing the environmental and social impacts resulting from the building of the 
biggest dams throughout the world shows that building INGA brings the lesser disturbance to 
the environment, to the people and to the country’s economy, as there is no human 
habitation to be affected or relocated, or displaced, no infrastructure to be destroyed, but 
very few forest (2.6Km2) and a small portion of cultivated area (1.8Km2). 
 
While focusing on INGA III project, let us note that several previous studies foresee the 
building of six new INGA dams, the two old ones having been built in the sixties  (INGA I) 
and in early seventies (INGA II).  
A part of these two existing power plants, there are several other sites that are associated 
with INGA for one reason or the other, e.g. for water thread and other utilities, etc.  
 
INGA site is also endowed with potential for HYDROGEN production.  
The core presentation offers a few inside pertaining to the hydrogen production project and 
to the use of the end product.  
 
Based on the two existing power plants there have been over the years some power 
interconnections within the DRC and with a few nearby countries on the one hand. On the 
other hand, there are also been negotiated power interconnections for a larger network 
throughout the African countries up to the Northern and Southern extremes of the continent. 
The negotiated interconnections pertain mainly to the new INGA projects. 
 
The DRC is gifted to have almost half of the African river waters. 
 
Strategically, INGA hydro power development and the power to be generated by the INGA 
associated sites offer the appropriate response to Africa energy need for development and to 
countries beyond. 
 
Without rhetoric and low politics, what it means is endeavoring to make available to Africa 
about 100,000 MW of clean energy for her development. This also means truly opening the 
ways for real Africa economic emergency. And for this, the multinational interconnection 
network will most probably induce security and international peace which are essential for 
development.    
 
1.5 SI: Sahara Wind-HVDC project’s integrated access to the North Atlantic trade 
winds. 
by Khalid Benhamou, Sahara Wind, Morocco 
 
Introduced in 2002, the Sahara Wind 5 GW-HVDC transmission project’s objective was to 
scale-up wind energy in order to compete against fossil fuels on price parity and create a 
more inclusive renewable energy economy. By powering Africa and Europe at record-low 
electricity prices, the project’s 5GW-HVDC transmission line extensible to 10GW boosts local 
development through regional integration. To that aim, Sahara Wind teamed-up with 



 
 

Morocco & Mauritania’s academic institutions and obtained funding from NATO’s 
collaborative projects under its energy & environmental security topics. Prior to that, the 
Sahara Wind project concept was secured with relevant national and multilateral institutions 
through its PIMS # 3292 ‘Morocco: Sahara Wind Phase I/Tarfaya (400- 500 MW) on –Grid 
Wind Electricity in a Liberalized Market’ threshold capacity joint submission to UNDP-GEF 
and the World Bank in 2005. The latter includes Terms of References for the 5GW-HVDC 
line established with Morocco’s utility ONEE for evacuating power to regional markets. 
Overmatching Morocco’s 52% renewable electricity targets in 2030 by a large extent, Sahara 
Wind’s integrative pathway was consolidated by the Atlantic trade wind’s paleontological 
footprints which, by shaping ocean surface currents for millions of years led to the 
accumulation of 71% of the world’s known sedimentary phosphates deposits on North 
African shores (USGS2018 report). As 90% of Phosphates are used as fertilizers, wind 
powered electro-chemical processes can substitute fossil fuels in phosphate upgrades and 
ammonia synthesis. The latter consume up to 3% of the world’s primary energy demand. 
Scalable, direct wind-hydrogen reduction plants can also upgrade Mauritania’s iron-ore 
exports into value-added steels in a carbon-dioxide-free process. Hence, the world’s largest 
emitting fertilizer and steel industries can transition into carbon-free processes. Backed by 
significant reserves, the aforementioned business cases not only enhance local access to 
wind-electricity, but also empower state-owned mining conglomerates in becoming 
stakeholders of a much broader energy transition.  
 
1.6 SI: The Mediterranean Master Plan Consolidating a Secure and Sustainable 
Electricity Infrastructure in the Mediterranean Region, 
by A.Ferrante, Med-TSO, C.Sabelli, TERNA, E.Bué, RTE, M.Paun, Med.-TSO, CIGRE, 
Study Committee C1: Power system development and economics. 
by Antonio Iliceto, TERNA, Italy 
 
- Regional cooperation in the electricity sector has a direct impact on the economic 
development and social stability in the Mediterranean region.  
- The Northern and Southern shores of the Mediterranean basin present different 
characteristics that offer potentialities and complementarities. Countries of both banks have 
realized that these synergies can become key to exchange energy and meet the targets of 
the energy transition in the next decades.  
- The main objective of the Master Plan is to demonstrate that exchanging energy is 
beneficial to both shores of the Mediterranean Region. 
  
The proposed Mediterranean Master Plan is:  
 
- A reference planning document for the interconnection Projects in the Mediterranean Area -  
Target 2030;  
- Consistent with four macroeconomic scenarios;  
- Compatible with the National development plans of Med-TSO Members;  
- A concrete plan for 14 projects, made both viable by market studies and feasible by 
network studies.  
 
Coffee break from 10:45 to 11:00  
 
Session 2. Keynote 
11:00 – 11:30 
Chairman: Jean Kowal, ex Medgrid and CIGRE. France 
Rapporteur : Petru Notingher, Université de Montpellier 2, CNRS, France 
 
2.1 L: Technologies for the Global Energy Grid. 
by Mingli Fu, Electric Power Research Institute of China Southern Power Grid, China 
 



 
 

This conference will underline in particular the following points: 
Challenges of large bulk offshore wind power connection from South China Sea, 
Specific considerations for HVDC Cables Insulation under Temperature Gradient, 
Environmentally friendly gas insulated line (cable)and technology development 
 
Session 3: Insulated Power Cables 
11 :30 – 12 :45 
Chairman: Ray Awad, Independent Consultant, Canada 
Rapporteur: Gilbert Teyssedre, Laplace, Université Paul Sabatier, Toulouse, France 
 
3.1 L: Superconducting cables: status and drivers for market penetration 
by Jean-Maxime Saugrain, Nexans, Machines, Cryogenics & Superconductors VP 
 
The huge current transport capability of superconductors, 10 000 times greater than the one 
of copper, led to the development of cables with a much higher ampacity than conventional 
cables. The feasibility of superconducting cables has been proven through multiple 
successful projects in the world. Despite these quite encouraging results, market penetration 
has not been achieved yet. Superconducting cables are suffering from a negative image 
when it comes to implementing them in the field. Superconductors keep on being seen as 
laboratory materials while superconducting cable systems are often wrongly considered as 
limited in applications, too expensive and questionable on a reliability standpoint. 
It is first important to highlight that, on an application standpoint, superconducting cables 
behave as conventional aluminium or copper cables and are therefore not limited in length. 
The longest possible unit lengths are spooled on transportable drums and connected through 
joints whereas terminations connect the cable to the power grid. Liquid nitrogen cooling 
stations are typically needed every 5 to 10 km for AC and 20 km for DC. 
It is true that superconducting cables are and will probably remain more expensive than 
conventional cables on a meter basis, but it does not mean that they are not economically 
competitive. Indeed, they can provide electric utilities with very significant savings in 
substation equipment, civil works, real estate,… which more than compensate their higher 
cost. These benefits can be identified through a close partnership between utilities and cable 
manufacturers. In addition, permitting process and public acceptance can be greatly 
improved with superconducting cables thanks to a lower voltage, a very narrow right-of-way 
and the absence of thermal or electromagnetic impact on the environment. 
Cable system reliability data are obviously quite limited today but significant progress is 
being made. For instance, the superconducting cable installed in Essen within the framework 
of the Ampacity project has already exceeded four years of operation with 100% availability. 
component Superconducting cable ageing is not easy to estimate but is also quite limited, as 
most of the system remains at -200°C, contrary to cables with polymeric insulation which 
keep on aging all along their life. Usual tests, which simulate cable ageing through higher 
voltages and temperature cycles, are obviously not applicable to superconducting cables. 
The liquid nitrogen cooling system is typically highlighted as a weak on a reliability standpoint 
but this point is in reality easy to address through redundant systems which are anyway 
required for preventive maintenance operations. 
In conclusion, although some progress still needs to be made, for instance regarding the 
repair time in case the cable is mechanically damaged, and are of course expected as for 
any new technology, superconducting cables are clearly ready for in-field implementation. 
The conference will present the technology status and illustrate drivers for market 
penetration through typical application cases. 
 
3.2 L: State of the art and new technologies AC & DC of insulated cable systems, and 
submarine cables,  
by Prysmian, Stefano Cotugno, Prysmian PPL, Italy 
 



 
 

One of the key moments before, or sometimes even during, a project execution is the choice 
of the most suitable cable technology; the cable system has to achieve all the requirements 
in terms of power rating, installation constraints and environmental impact set up by the 
Customer. Many cable technologies can be considered in order to define the most fit for 
purpose solution. 
 
The presentation will introduce one of the main criteria for the definition of the cable 
technology starting from the choice of AC or DC Voltage based on the power requirement 
and the circuit length with then the selection or the cable solution. 
It is then presented the main cable solutions for AC and DC application for both Submarine 
and Land systems. 
Finally it is introduced one of the most recent developments in the cable technology, the 
HPTE insulation that represents a step forward in the extruded insulation technology. 
 
3.3 SI : HVDC Superconducting MgB2 cables: Best paths EU project,  
by Christian-Eric Bruzek, Nexans, France 
 
The Best Paths project is focused on the development and demonstration of grid equipment 
suitable for the bulk power transmission in Europe. High-voltage direct current (HVDC) 
transmission systems are currently regarded as the best technical and economical option for 
the transmission of power over long distances. HVDC relies either on overhead lines that 
require towers with significant visual impact on the landscape or underground cables that 
involve wide corridors and expensive civil works for the installation. Both the overhead and 
underground options are also subject to transmission losses that increase with the length of 
the line. The advantage of a superconductor cable is the capability to carry a very high 
current with no Joule loss leading to a much higher power density. However, the 
superconducting material has to be kept at cryogenic temperature below -200°C, that can be 
reached by running already existing and reliable cooling machines with a long positive return 
of experience.  
The proposed power cable design for Best Paths will operate at 320 kV and 10 kA. During 
this project, different components of the cable system have been designed, manufactured 
and characterized reaching a TRL level higher than 4. We have developed a toolbox that 
could be easily adapted to grid operating conditions up to 320 kV and transferring several 
thousands of amperes.   
Our main achievements are as follows:  
- 10 kA cable conductors have been designed with upgraded MgB2 wires, which were 
manufactured with a reproducible industrial process. The cable conductors have been 
assembled on standard cabling machines adapted for this task. The performance has been 
tested under different temperatures and magnetic fields. No degradation has been found 
after mechanical stress tests such as bending and pulling. Tests on a 120-meter-long cable 
are ongoing.  
- A novel HVDC insulation at cryogenic temperature has been specially designed and tested 
proving its high reliability. A 50-meter-long insulated cable has been produced to be tested. 
The cable conductor is inserted afterwards into the HV insulated piece.  
- To connect to the grid, terminations have been designed with innovative concepts. They are 
split into two independent parts. In the upper part, the current is injected through special 
current leads connected to the cable conductors with very low heat inleaks. In the lower part, 
the high voltage gradient is managed. With this innovative design the performance of the 
superconducting cable system can be easily adapted to the grid voltage and current without 
new developments. HV testing is ongoing on a test platform for a 30-meter-long loop 
connected to 2 terminations. It will be carried out up to 592 kV, which is the testing voltage 
required to qualify 320 kV class systems. The protocol includes superimposed voltage 
pulses. This protocol is the first attempt for the HVDC testing of superconducting cables and 
can be used for future standards. 



 
 

The presentation will summarize the cable system design and results obtained during this 
project.  
 
3.4 SI : Superconducting transmission lines 
by Timofey Rjabin, R&D Center FGC UES, Russia 
 
This presentation focuses on practical applications of superconductor technologies for 
relatively high power transmission at moderate distances (up to 50 km). Proposed materials 
are based on two projects HTSC DC link 50MVA, 20kV, 2500m in St. Petersburg, Russia 
and Ishikari, Japan HTSC DC link 1000m. 
The project feature which take place in St. Petersburg is the application of HTSC DC cable in 
a major metropolis. HTSC DC link connects two major substations of different voltage 
classes 220 kV and 330 kV in the heart of the city. Presented a roadmap of scientific 
development of the line, long-term testing results and plans for practical implementation of 
lines into operation. The importance of this project is determined by its parameters by 
transmitted power, the length of the line, autonomic cryogenic system as well as the use of it 
in a real metropolis, rather than at the test site. 
The feature of the Ishikari project is the use of a new design of cryostat, which allows to 
obtain ultra-low values of heat gain. This allows us to talk about the great opportunities of 
construction of HTSC links for longer distances- hundreds of miles. 
Therefore, the combination of the results presented in these two projects to allow us to say 
that the use of HTSC technologies for transportation of large-capacity 10 GW over long 
distances (hundreds of kilometers) with small losses (3%) is an absolutely realistic target.  
The successful implementation of the project in St. Petersburg, clearly is a factor from which 
depends the large-scale use of technology in HTSC in most promising applications of this 
technology as power transmission industry, energy bridges and major cities electricity supply. 
 
Lunch break from 12:45 to 13:45 taken on site.  
 
Session 4: Overhead power lines 
13:45 – 14:30 
Chairman : Jose Henrique Machado Fernandes, Independent Consultant, Brazil 
Rapporteur: Bernard Dalle, BMD - Consulting, France 
 
4.1 L: A situation of the state of the art and the innovations of the overhead electric 
power lines, in Brazil. 
by Carlos Alexandre M. do Nascimento, CEMIG, Brazil  
 
Brazil, a continental extension country, has a large and robust interconnected system of 
overhead transmission lines (230 to 765 kVac and 600 to 800 KVdc) and subtransmission 
(69 to 138 kV), which it was built from the beginning of the 1960, and will continue to grow 
steadily in the coming decades. Basically, the expansions of these interconnected systems 
occurred through national development plans, with ambitious engineering projects, but 
adapted to the restrictive financial conditions of an economic developing country such as 
Brazil. International partnerships not only promoted the designs and constructions of the 
overhead transmission lines, but worked in the professional training of a remarkable 
generation of overhead transmission line engineers. In this context, with a developmental 
vision with high economic and social value, Brazil has several projects in operation in the 
state of the art. Technological innovations are required for an increasingly interconnected 
and aging system. To continue the expansion of the overhead transmission lines, 
untraditional projects will be required, with a strong presence of intermittent renewable 
generation, and associated with the various restrictions imposed by a society increasingly 
concerned with environmental preservation. Key words for the future are new materials, 
automation; infrastructure sharing; smartgrid; operational efficiency; decentralized 



 
 

management, training of labor, thus seeking to continue providing good services to the new 
digital society. This presentation will address the milestones of projects that have already 
been implemented in Brazil in the last 60 years and present a vision with technological 
options on how Brazil can build its overhead transmission lines in the coming decades. 
 
Session 5. Advanced technologies, innovation 
14:30 – 15:15 
Chairman: Timofey Rjabin, R&D Center FGC UES, Russia 
Rapporteur : Olivier Boisard, Olivier Boisard Conseil, Ecole Centrale Lille, France 
 
5.1 L: Factors for Investment decision GIL-Cable, Conclusion report on CIGRE TB 639 
by Hermann Koch, Siemens, Erlangen, Germany 
 
The CIGRE Joint working group B3/B1.27 Economic Aspects of factors influencing the 
investment decision for the use of GIL or cables in high voltage power transmission systems 
was the task of this working group. With experts from the cable industry delegated by B1 and 
from the gas-insulated transmission line (GIL) industry delegated by B3 the complex question 
of how to decide under the multiple parameters influencing a transmission project to select 
GIL or XLPE extruded cables. The work was split in defining economic parameters, defining 
typical transmission solutions, evaluate environmental impact, technical definition for cost 
drivers and give practical applications to find cost factors.  
The technical brochure was limited to AC underground transmission of rated voltages 
between 52 kV and 800 kV, GIL and extruded XLPE cables. 
XLPE cables and GIL are explained and many applications at different voltage levels are 
included to make the technology and its use understood in the context of this economic 
orientated investigations.  
It was clear from the beginning that no absolute cost values in money can be basis of the 
evaluations but only relative cost structures and cost drivers. Therefore a matrix system is 
used to make the single aspect understand and compare able. The limits of ratings for 
voltage, currents, bending radius, temperatures, local transportations, investments on site, 
civil works storage on site, assembly on site and high voltage testing are some aspects 
evaluated.  
The conclusion of the work is that economic parameters of underground cable and GIL have 
been identified and relative cost structure are given. The practical application is shown on 
typical XLPE cable and GIL project executed and in operation. Environmental impact such as 
health and safety requirements and external electromagnetic fields are taken into account. 
Technical definitions of cost factors and cost drivers have been given in order to make the 
solutions comparable, e.g. access and width of route, system configuration, right of way, 
safety aspects, case of fire, transmission losses, reactive power compensation, ageing of 
equipment, life cycle cost, service experiences, gas tightness, recycling of material at the end 
of life, CO2 emission impact (production, installation, life time), waste disposal, geographical, 
construction, O&M, standards and regulations. 
 
5.2 SI: Superconductivity (current) associated with Liquid H2,  
by Christian-Erik Bruzek, Nexans, France 
 
Hydrogen is more and more foreseen as a good way to store and supply energy for totally 
decarbonized world. Hydrogen is very abundant well distributed on earth. It can be found into 
several molecules (water, hydrocarbons,..) but nearly does not exist naturally as pure 
molecule H2. Consequently, it should be produced by chemical processes such as 
electrolysis, thermochemical or reformate reactions that require significant energy to be 
carried out. The many ongoing controversies about the overall efficiency of the H2 energy 
chain are not discussed in this presentation. In any case the production of H2 is carried out 
on reformate chemical sites or renewable electricity farms for electrolysis often located far 
from the consumption sites such as cities or urban areas (airports,..). Efficient ways of 



 
 

transportation of H2 are considered. When liquefied, H2 density increased by about a 800 
factor from 0,090 kg/m3 to 70kg/m3 at atmospheric pressure. Consequently, liquefaction is 
envisioned as a promising way to store and safely transport from the H2 production sites to 
end user distributions’ points. Today some liquid H2 distribution pipe networks are envisioned 
and discussed. As liquid H2 temperature is between 21K and 30K, when such cryogenic 
network will be deployed it could be efficiently associated to superconducting cables. It offers 
then the possibility to distribute two energetic vectors; electricity and gas H2. 
With the very low cryogenic temperature of liquid H2 performances of superconducting 
materials such as critical current are significantly improved. This presentation will present the 
different designs of superconducting cables associated to liquid H2 that has been imagined. 
Based on similar principles already used in High Temperature Superconducting (HTS) 
cables, a design can be suggested with the liquid H2 as coolant but also as voltage insulation 
medium. Compared to liquid nitrogen used in the today superconducting cables, liquid 
hydrogen can increase further the maximum transported current by at least 5 times. 
Consequently, the transmitted power can be further increased keeping the same voltage. In 
this work, we have started to study DC cables able to transmit power from 0,5 up to 3,2 GW. 
The diameter of the cable conductor using state of the art HTS materials is about 20 mm. 
Another cable conductor design has been achieved with MgB2 wires with a small final 
diameter down to 9 mm. MgB2 wires are easy to produce as demonstrated in Best paths 
project, and well suited for operating in liquid H2 at 20-25 K temperature. The MgB2 wires and 
HTS tapes can be cabled around or inserted into the pipe used to distribute liquid H2. The 
diameter of this tube can be adjusted to obtain the required H2 mass flow according to the 
end-users’ needs. The high voltage insulation is then built around this tubular structure. The 
overall system is finally placed into a standard cryogenic envelope to maintain the low 
temperature.   
The designs and electricity and H2 transmission capacities will be presented and discussed. 
This works has been carried out within Best Paths project. 
 
Coffee break from 15:15 to 15:30 
 
Session 6. Storage 
15:30 – 16:15 
Chairman: Khalid Benhamou, Managing Director, Sahara Wind, Morocco.  
Rapporteur : Pierre Denuelle, Feedering, France  
 
6.1 L: A Survey of Energy Storage Technologies 
by Robert B. Tanner, Nature and People First LLC, USA 
 
Renewable energy sources - wind and solar - are intermittent. As more renewables connect 
to the grid, conventional energy sources must accommodate, or renewables must be 
curtailed. In some areas, it is clear that installing additional renewable infrastructure is not 
useful, unless there is some way to store the energy it produces.   
 
There are a number of ways to store energy. Mechanical methods include pumped hydro, 
compressed air, flywheels, raised weights.  Most are straightforward and based on proven 
technology. Batteries and other chemical solutions are promising, but have issues with 
scalability and waste disposal for world-scale storage. Capacitors and other direct-electrical 
storage devices are also under development.  
 
This presentation will survey current energy storage concepts. 
 
Populations are becoming more aware of climate change, and that it is the result of human 
activity. Social and political pressure will continue to build, and governments will be forced to 
provide even more support for renewable, nonpolluting fuels, and disincentives for non-



 
 

renewables.  This is clear to anyone who reads the news. What is not obvious to everyone, is 
that as the demand for non-polluting generation increases, the need for energy storage also 
increases.  
 
There are a number of storage technologies that can be deployed, some dependent on 
elevation, others on chemical resources, others on neither. Efficiency is important, but if 
installed renewable generation must be curtailed (switched off) because it overloads the grid, 
the efficiency is zero, and anything is better.  
 
One of the issues with energy storage, at least in the US, is that generators are paid for watt-
hours, not for other important benefits that storage provides. Generation is outpacing storage 
in several regions because the familiar solar and wind projects are being approved and 
funded: they generate power. Storage can make renewable energy available 24 hours a day, 
but unless regulators and utilities restructure their payment structures, storage will be 
economically viable only in unusual circumstances.  The issue of how developers can make 
a profit is beyond the scope of this brief presentation, but it is a serious problem, at least in 
an economy that depends on private development.  
 
6.2 SI: Case Study of Energy Storage 
by Danny Junghyun Kim, Hyosung Corporation UK 
 
South Korea is one the most active countries in terms of commercial ESS deployment thanks 
to the efforts from government.  
 
There are four well-known applications of ESS – Frequency regulation, Micro-grid, 
Renewable integration and Peak shaving. There have been activities to commercialize ESS 
with the needs in South Korea. 
 
KEPCO’s Frequency regulation projects: In total, 376MW of Storage systems are deployed 
across South Korea. 
Micro-grid for Carbon-free Island: About 10 Islands are using renewables + ESS to supply 
electricity demand, not from diesel generators.  
ESS integrated with Wind turbine or PV farm: To utilize renewables during peak time 
demand or to have room for transmission line, ESS integrated with WT or PV is treated as 
renewable energy under Renewable Portfolio Standard Policy. This policy along with 
encouraging renewables causes the big demands of ESS in private market. 

 
Now many people want to make full use of ESS so they ask multi-functional systems, 
especially in non-regulated Power market such as the UK, Australia and the USA. Since ESS 
is still expensive equipment, it needs multi revenue stacks to cover the investment costs. 
 
Session 7. Financial and Regulatory Aspects  
16:15 – 17:00 
Chairman: Leonard Beleke Tabu, BETEC sarl, DR Congo (President has been replaced by 
Pierre Denuelle, Feedering, France in the absence of Mr. Beleke Tabu Leonard. 
Rapporteur: Jacques Horvilleur, SEE, France 
 
7.1 L: Aspects Financial and Regulation  
By Jean Kowal, ex Medgrid and CIGRE. France 
 
The technological feasibility global electricity network has been demonstrated and the 
assessed global benefit (social welfare) is higher than its cost. Still before its development 
and its operation many questions remain: 
 



 
 

- What could be the process of development of this project, which challenges on the road: 
political acceptance, selection of routes, environmental concerns, etc. 
 
- Which model will govern the operation of the grid, in which model of electricity market? Can 
different models coexist, and if the case which is the minimal set of of common rules? 
 
17:00 – Closing of the Workshop 
by André Merlin, Chairman, Workshop TGEG’18 
 
 

Wednesday, August 29th , 2018 


