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ORGANIZATION

OTHER ACTIVITIESRENEWABLE ENERGY PROJECTS

1992
Founded in the wake 
of the Rio de Janeiro 

Earth Summit

1.2 billion
Number of customers served 

by member companies

1/3 
of the electricity consumed 

around the world

60% 
GHG-free 

energy delivered

American Electric Power 
(U.S.A.)

Électricité de France (France)
Enel (Italy)

EuroSibEnergo (Russia)
Hydro-Québec (Canada)

innogy (Germany)
Kansai Electric Power (Japan)

RusHydro (Russia)

State Grid Corporation 
of China (China)

Tokyo Electric Power 
Company (Japan)

*Some projects involve more than one country  **Projects combining more than one technology                          

Breakdown* 

Asia ........................... 6
Africa ....................... 6
Latin America ...... 7
Oceania ................... 1

20 
countries in which 
projects have been  

or are being carried out

CO2 emissions avoided 

by our projects:

approximately 57,708 t/year

73 
capacity-building  

workshops 

116
countries benefit 

(64% of them  
developing countries)

114
scholarships awarded  

since 2001  
(when program started)

UNIQUE FORUM FOR 
LEADING ELECTRIC UTILITIES

The Global Sustainable Electricity Partnership (GSEP), which brings together the world’s largest electric utilities, promotes 

sustainable development in the power industry through electricity sector projects and capacity-building activities. The 

projects carried out by GSEP can be replicated and aim to provide access to sustainable energy and enhance socio-

economic development while helping countries meet their climate objectives. GSEP’s capacity-building activities allow 

members to share their expertise in the effective deployment of low-carbon technologies by organizing conferences 

and technical training sessions in partnership with key local and regional actors. Moreover, GSEP companies have a long-

standing commitment to education with a scholarship program supporting students from developing countries in their 

pursuit of graduate studies in sustainable energy development. This CEO-led organization is a unique forum for the 

world’s leading electricity companies and hosts an annual Summit, which gathers the brightest minds in the sector to 

discuss key issues.

15
projects 

(completed or in progress)

.......... 5 solar

.......... 3 mini hydro

.......... 2 wind

.......... 2 hybrid**

..........  1 energy efficiency 

..........  1 biogas 

..........  1 transportation 
          electrification 

10 member companies
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Modernization of Siberian powerhouses—EuroSib-

Energo (ESE)

Russian utility ESE is carrying out an extensive program 

to modernize three Siberian hydropower generating 

stations. The optimization project has already replaced 

nine turbines in the Bratsk powerhouse and one in the 

Ust-Ilimsk powerhouse. The replacement has increased 

output by 0.8 GWh. 

The modernization program will continue with the re-

placement of three more turbines at Bratsk, three more 

turbines at Ust-Ilimsk and three generating units at Ir-

kutsk. This additional optimization will boost output by 

1.1 GWh.

The additional power generated will replace that of 

local coal-fired generating stations and thus reduce 

greenhouse gas emissions even further. It is estimated 

that the program will reduce the amount of coal used 

each year by 800,000 t and that 2 million tonnes of GHG 

emissions will be avoided annually.

2
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Hydropower

Globally, hydropower is now the main source of renewable energy, and it results in scarcely any GHG 

emissions. About half of global hydropower is generated in four countries: China, Brazil, Canada and 

the United States. 

In many other parts of the world, including sub-Saharan Africa, there is still economically viable po-

tential hydropower equivalent to twice the current output from the same source. 

Aside from its capacity to generate electricity while emitting practically no GHGs, hydropower has 

other technical advantages, especially in the areas of grid stabilization and the integration of inter-

mittent renewables. Hydropower projects also help with management of water resources for other 

purposes: transportation, irrigation, seasonal flood control, recreational activities, etc.

New installations—Électricité de France (EDF) 

EDF has begun building two new hydropower facilities in France with a total installed capacity of 

150 MW. The company is also upgrading its existing facilities to increase output. To be completed.

Founded in 1992 in the wake of the Rio de Janeiro Earth Summit, the Global Sustainable Electricity Partnership (GSEP) 

is a group of 10 large electric utilities that provide over a third of all the electricity used in the world. 

As part of the 2015 Paris Climate Change Conference, GSEP published a report intended for decision makers of its 

member states setting out clearly and precisely the various pathways for technological innovation that the energy 

industry must take to ensure sustainable economic growth with a smaller carbon footprint. The report also described 

the policies that would need to be adopted to encourage such efforts.

We are moving towards a sustainable economy based on no-carbon and low-carbon electricity. We see today that 

cleaner, affordable and reliable electricity is the most effective way to improve quality of life, health, education and 

economic development, while helping countries achieve their climate goals. 

The power industry itself must seek new innovations with a view to optimizing its practices and decarbonizing 

its activities. That was the plan proposed in the GSEP report two years ago. Further to the report entitled Powering 

Innovation for a Sustainable Future: An Electric Industry's Perspective, this document presents concrete electricity 

decarbonization actions that have been taken globally.

This year, which marks the 25th anniversary of its founding, GSEP chose the theme Electricity as a Tool for Carbon 

Footprint Reduction and prepared this report, which gives a status update on the initiatives its members have imple-

mented, individually or together, with a view to cutting greenhouse gas emissions and curbing climate change. 

More specifically, this document addresses the issues of innovation and the energy transition from the perspective 

of five objectives:

 1. Decarbonizing power generation

 2. Increasing the role of electricity

 3. Integrating grids and energy sources

 4. Rolling out smart grids

 5. Improving energy efficiency

ELECTRICITY AS A TOOL 
FOR CARBON 
FOOTPRINT REDUCTION 
Concrete actions towards decarbonization

Introduction
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1
DECARBONIZING POWER 
GENERATION 

According to the International Energy Agency, to limit global warming to 2°C by 
2050, carbon emissions related to global electricity generation must be reduced 
by 90%. That requires a major shift away from current practices.

Current technologies allow considerable progress towards this goal, but the 
long-term decarbonization of electricity generation will require new technological 
innovations. The illustration shows the GHG emissions for different power genera-
tion options.

Decarbonization also demands a systemic approach that promotes the integra-
tion of technological advances with a view to applying them not just to electrical 
generation, but to grid management and consumer habits.

Innovation will be able to completely transform the energy industry, create new 
jobs, stimulate growth and improve the quality of life of people all over the world.

GHG EMISSIONS – POWER GENERATION OPTIONS  
BASED ON LCA (g CO2 eq./kWh)

Hydropower –
run-of-river

Hydropower –
reservoir

Nuclear

Graph adapted from Comparing Power Generation Options and Electricity Mixes (Montreal: CIRAIG, 2014).
http://www.hydroquebec.com/sustainable-development/documentation-center/pdf/comparing-power-generation-options-and-electricity-mixes.pdf

A study realized by Kansai reports similar data and more precise information for thermal power technologies, especially natural gas and oil.
http://www.fepc.or.jp/english/environment/annual_review/__icsFiles/afieldfile/2016/03/01/actionplan_e_2015_1.pdf (page 8)

Wind Solar  
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Thermal –  
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Hydropower

Globally, hydropower is now the main source of renewable energy, and it results in scarcely any GHG 

emissions. About half of global hydropower is generated in four countries: China, Brazil, Canada and 

the United States. 

In many other parts of the world, including sub-Saharan Africa, there is still economically viable potential 

hydropower equivalent to twice the current output from this source. 

Aside from its capacity to generate electricity while emitting practically no GHGs, hydropower has 

other technical advantages, especially in the areas of grid stabilization and the integration of inter-

mittent renewables. Hydropower projects also help with management of water resources for other 

purposes: transportation, irrigation, seasonal flood control, recreational activities, etc.

1  Overhaul of hydroelectric power station on the 

Rhine—innogy 

innogy operates hydropower plants on rivers in Ger-

many, France, the U.K., Portugal and Spain, with a total 

installed capacity of over 500 MW. In Germany alone, 

its operating team ensures that 77 turbines produce a 

reliable supply of energy at some 30 locations.

After more than 80  years of continuous operation, 

innogy has scheduled a general overhaul at the 

Rheinkraftwerk Albbruck-Dogern AG (RADAG) hydro-

electric power station on the Rhine. All three turbines 

and the control system are being replaced. According 

to current planning, approximately €43 million will be 

invested in this maintenance project. 

TOTAL INSTALLED CAPACITY 1,215 GW

TOTAL OUTPUT 3,900 TWh

PROPORTION OF TOTAL ELECTRICAL OUTPUT 17%
Source: International Energy Agency

1

1  The hydroelectric power station RADAG in Germany is a flagship of 

innogy’s efforts to prepare existing plants for the future with state-of-

the-art technology.
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2  The Banaue Rice Terraces are 2000-year-old hand-carved terraces in 

the Philippines. They are considered a World Heritage Site by UNESCO 

and are still used by farmers today to plant rice and vegetables. They are 

part of the Ifugao-Ambangal Minihydro project commissioned in 2010.

Poutès dam retrofitting—Électricité de France (EDF) 

EDF has devised a complete retrofitting project that 

maintains electricity generation while complying with 

environmental demands. It is also, and above all, the 

outcome of successful consultation with the elected offi-

cials of the Haut-Allier area and environmental non-profit 

organizations. The significant reduction in the height of 

the dam and the length of the reservoir will enable the 

river to regain its natural profile, recreating the preferred 

habitats of the valley’s aquatic species.

 

The structure is equipped with specific systems to facili-

tate the passage of migratory fish, including salmon, and 

the transit of sediment crucial to the river’s biodivers-

ity. The new dam is coupled with a major scientific pro-

gram incorporating fish radio-tracking and behavioural 

studies of migratory species. Construction of the future 

dam started in 2016. Despite its smaller size, given the 

unprecedented technological solution adopted, the new 

dam will continue to generate 85% of its current output. 

This low-carbon, renewable electricity meets the needs 

of a city with a population of 20,000.

Modernization of Siberian hydropower  

plants—EuroSibEnergo (ESE)

Russian utility ESE is carrying out an extensive program 

to modernize four Siberian hydropower generating sta-

tions. The optimization project has already replaced ten 

runners at the Bratsk hydropower plant and two at the 

Ust-Ilimsk hydropower plant. The replacement has in-

creased output by 1.0 GWh.

The modernization program will continue with the 

replacement of two more runners at the Bratsk hydro- 

power plant, two more runners at the Ust-Ilimsk 

hydropower plant, two runners at the Krasnoyarsk 

hydropower plant and three generating units at the 

Irkutsk hydropower plant. This additional optimization 

will boost output by 0.9 GWh.

The additional power generated will replace that of 

local coal-fired generating stations and thus reduce 

greenhouse gas emissions even further. It is estimated 

that the program will reduce the amount of coal used 

each year by 800,000 t and that more than 2 million t of 

GHG emissions will be avoided annually.

2  Ifugao-Ambangal Minihydro Project—GSEP

GSEP’s Ifugao-Ambangal Minihydro Project in the Phil-

ippines was constructed with two main objectives: to 

improve the quality of life for local rice farmers and to 

rehabilitate the Banaue rice terraces, a World Heritage 

Site. The 200-kW minihydro plant on Ifugao’s Amban-

gal River was commissioned in 2010 and generates 

2



1,200 MWh of electricity per year, meeting 15–18% of the 

province’s electricity needs. Central to this project was 

the establishment of the Rice Terrace Conservation Fund 

to finance conservation activities. Over 10 conservation 

projects have already been completed. In 2012, UNESCO 

removed the Ifugao rice terraces from its list of en- 

dangered heritage sites, highlighting the role of this 

project in restoring the terraces and improving the 

quality of life for the local people. The project was led 

by TEPCO.

Utilization of unused waterpower  

resources—Kansai Electric Power 

In addition to carrying out various small and medium 

hydro projects to utilize unused waterpower resources, 

Kansai is increasing the production capacity of its 

existing facilities. Since 1988, Kansai has also been utiliz-

ing the most appropriate hydro turbines during major 

overhauls of existing hydropower plants, achieving an 

uprating of approximately 150 MW in total.

3  The Apiacás 102-MW Hydro plant is located in Brazil. 

3  Apiacás hydropower plant—Enel

Apiacás is an Enel hydro plant located in Brazil with a total 

installed capacity of 102 MW. It can generate more than 

490 GWh per year, enough to meet the annual energy 

consumption needs of more than 200,000 households, 

while avoiding about 280,000 t of CO2 emissions. Apia-

cás is also an example of sustainable investment carried 

out under the Enel Group’s creating shared value (CSV) 

model, which aims to combine the company’s business 

perspective with the needs of communities by pursuing 

decisions that create value for both sides. Its construction 

was characterized by the use of measures and technolo-

gies that reduced the environmental impact of building 

works and local community development initiatives, 

such as biodiversity protection projects (reforestation 

programs), as well as local infrastructure and public en-

gagement initiatives.

3
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4  By commissioning Romaine-3 (395 MW) in 2017 and Romaine-4 (245 MW) 

in 2020, Hydro-Québec will have completed the Romaine Complex pro-

ject, adding 1,500 MW to its hydroelectric generating capacity.

4  Installed capacity increased  

by 1,550 MW—Hydro-Québec

Hydro-Québec’s energy portfolio comprises mainly re-

newable energies: 99% hydropower generated by the 

company, as well as wind, solar and biomass energy 

purchased from independent producers. In 2017, Hydro-

Québec is continuing work on the Romaine complex, 

which comprises four hydropower generating stations. 

The first two (910 MW) were commissioned in 2014 and 

2015, and the other two (640 MW) will come onstream 

by 2020.

The company also plans to achieve efficiencies of 

about 500 MW between now and 2025 by uprating 

some existing facilities. 

New hydropower capacities—RusHydro

Overall capacity commissioned in 2016 amounted to 

240.9 MW: 

–  140 MW – Zelenchukskaya hybrid hydro-pumped  

storage hydropower plant

–  30.6 MW – Zaragizhskaya small hydro

–  70.3 MW – Hydropower plant capacity increase 

through modernization 

4

The new plants will generate approximately 1,055 GWh 

of electricity that will lead to emission reductions of 

some 921,000 t CO2 eq. per year.

RusHydro plans to commission the new Nizhne- 

Bureyskaya hydropower plant, with 320 MW of installed 

capacity, in 2017.

Using an ultra-high-voltage (UHV) power grid 

to deliver hydropower electricity—State Grid  

Corporation of China (SGCC)

By the end of 2016, the integrated capacity of hydro-

power was 216 GW and generation reached 765.7 TWh 

in the SGCC operation area. Thanks to the large UHV 

power grid, 129.3 TWh of electricity was delivered from 

the hydropower bases in Southwest China to the load 

centers in East China in 2016. The hydropower electricity 

generated in the Tibet autonomous region also entered 

the Jing-Jin-Tang region for the first time.



Wind power

Wind power is another renewable energy source with a very small carbon footprint. Thanks to manu-

facturing development and improved operational and maintenance practices, the technology is very 

competitive in areas with sufficient wind potential.

Right now, the largest producers of wind power are China (149 GW), the United States (66 GW), Germany 

(38 GW) and Spain (23 GW). Wind power development is growing as the cost of wind turbines decreases 

and turbines become more powerful.

TOTAL INSTALLED CAPACITY 382 GW

TOTAL OUTPUT 740 TWh

PROPORTION OF TOTAL ELECTRICAL OUTPUT 3%
Source: International Energy Agency

The largest integrated capacity of wind power in  

the world—State Grid Corporation of China (SGCC)

By the end of 2016, the total integrated capacity of wind 

power in the SGCC operation area was 116.5 GW, which 

is about 30% of the global total. The newly added wind 

power capacity in 2016 was 13.8 GW.

All dispatching centers above the provincial level have 

deployed the New Energy Operational Information 

Monitoring Module (NEOIMM), the Generating Capacity 

Forecasting Module (GCFM) and the New Energy Planning 

Module (NEPM), covering up to 1,300 wind farms. The 

accuracy of the output predic tion system reached 85%, 

achieving an advanced level in the world.

New wind farms in off-grid systems—RusHydro 

In 2015, RusHydro commissioned two new wind farms: 

Ust’ Kamchatsk (900 kW), on the Kamchatka Peninsula, 

and Novikovo (450 kW), on Sakhalin Island.

The replacement of polluting diesel power in these re-

gions reduced CO2 emissions by approximately 1,500 t 

per year and also decreased SO2 emissions by approxi-

mately 3 t per year.

Integration of wind power to the grid—Hydro-Québec

In Québec, the use of wind power is facilitated by the 

presence of hydropower generating stations that can 

start up instantly, compensating for the intermittence of 

wind. Hydro-Québec buys wind power from independent 

producers and feeds it reliably into its grid. The company 

is therefore developing cutting-edge expertise in order to 

plan the integration of wind farms into its grid, forecast 

fluctuating wind power output, and maintain safe, reli-

able operation of the power system. Capacity of wind 

farms in operation at the end of 2016 was 3,296 MW.
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AEP contracts/builds more wind  

generation—American Electric Power (AEP) 

Since 2005, AEP has increased its wind (and solar) gen-

eration by 10% through Power Purchase Agreements 

and building generation. AEP has plans, filed with its 

regulators, to add 5,400 MW of wind and 3,400 MW of 

solar generation through 2033. 

Control towers for wind and solar farms—Électricité  

de France (EDF)

The wind and photovoltaic solar farms operated by 

EDF Énergies Nouvelles are remotely monitored on an 

ongoing basis from two centers: one located in Co-

lombiers in France’s Hérault department for the farms 

in Europe, and the other in San Diego, California, for the 

farms in North America.

 

EDF Énergies Nouvelles has developed world-renowned 

expertise in solar and wind farm maintenance, in par-

ticular given the diversity of its technical knowledge. 

This has been built up over 25 years of operating its 

own installations or those of third parties (investment 

companies, banks, industrial operators, etc.). Today, 

EDF has turned its sights to the sea and France’s future 

Courseulles-sur-Mer, Fécamp and Saint-Nazaire offshore 

wind farms. With these projects, a new area of exper-

tise is emerging to optimize the production of offshore 

wind energy. Starting in 2018, these installations will 

also have their own remote monitoring center located 

near Nantes in western France.

1  San Cristóbal Island Wind Project, Galápagos—GSEP

GSEP developed and implemented Ecuador’s first large-

scale wind project on the Island of San Cristóbal. This pro-

ject, commissioned in 2007, has served as a replication 

model for similar projects in the Galápagos Archipelago, 

such as the Baltra Wind Park and a photovoltaic facility in 

Santa Cruz Island. The 2.4-MW wind park features three 

wind turbines, each generating 800 kW to provide ap-

proximately one-third of the island’s annual electricity 

needs. The wind park is complemented by two 6-kW 

photovoltaic systems, which have produced 136,000 kWh 

of electricity. GSEP has completed a feasibility study for a 

second phase of the project to introduce additional solar 

and battery storage into the island’s grid.

1  The GSEP constructed Ecuador’s first large-scale wind park on San 

Cristóbal Island in the Galápagos. The facilities have provided over 26 mil-

lion kWh of energy to local residents since their commissioning in 2007.



2

2  The integrated energy storage system (2 MW/2 MWh) at the Potenza 

Pietragalla wind farm in Basilicata compensates for the intrinsic un-

predictability of wind resources, helping to guarantee the stability of 

the electrical grid.

Wind-diesel hybrid plant in Chorriaca, Argentina—GSEP 

GSEP’s 75-kW wind/120-kW diesel hybrid plant in Chorri-

aca provides cleaner electricity to an isolated community 

in the country’s Patagonia region. Launched in 2013, the 

project was a pilot experiment for the development of lo-

cal renewable energy in the community. The three wind 

turbines are providing reliable and cleaner electricity to 

a community that previously only had sporadic access to 

electricity from diesel generators. The project prevents 

the emission of an estimated 230 t of CO2 per year.

Major wind power projects in Europe—innogy  

In Europe, innogy is involved in 10 wind construction 

projects with a capacity of about 900 MW. Some of 

them, like offshore wind farms Galloper (336 MW) in the 

U.K. and Nordsee One (332 MW) in Germany, are being 

carried out with partners. innogy is also exploring new 

markets, such as Ireland and the United States. 

Partnership is a keyword in many of the projects, lead-

ing to greater acceptance. innogy (51%) collaborated 

with the city of Bedburg (49%) to build the Königsho-

vener Höhe onshore wind farm on a renaturalized area 

of the Garzweiler open-cast mine. Commissioned in 

2015, it has a total capacity of 67 MW. 

2  Potenza di Pietragalla project—Enel

Enel’s integrated energy storage system at the Potenza 

Pietragalla wind farm in Basilicata, Italy, was commis-

sioned in 2015 and it represents an important step forward 

for the entire technology value chain of wind energy.

The storage system at Potenza Pietragalla (2  MW/ 

2 MWh) compensates for the intrinsic unpredictability 

of wind resources, helping to guarantee the stability of 

the electrical grid.

The experience so far has been extremely positive, since 

it has considerably reduced the imbalances associated 

with the plant’s prediction errors, reduced power peaks 

by mitigating the characteristic intermittency of renew-

able energy sources and maximized the energy fed into 

the grid when facing limited transmission capacity, in 

addition to studying the possibilities of providing ancil-

lary services to the electrical grid.
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Photovoltaic solar power

The enormous potential of photovoltaic (PV) solar power has only begun to be tapped by the sig-

nificant growth the technology has seen in recent years. In 12 years, its installed capacity has been 

multiplied by 40 and the solar panel industry has now reached a certain maturity.

The technological progress achieved in materials and the composition of solar collectors has boosted 

efficiency by more than 50%. The combined effect of this increased efficiency and an upscaling of 

manufacturing processes has brought the cost of panels down to a fifth of what it was.

TOTAL INSTALLED CAPACITY 256 GW

TOTAL OUTPUT 170 TWh

PROPORTION OF TOTAL ELECTRICAL OUTPUT 1%
Source: International Energy Agency

Solar pilot project—EuroSibEnergo (ESE)

In 2015, Russian utility ESE completed its Abakan PV pilot 

project with installed capacity of 5.2 MW—the largest 

PV power plant in Siberia. The possibility of scaling up 

the project to 50 MW is now being considered.

The largest and fastest-growing integrated capacity  

of solar power in the world—State Grid Corporation  

of China (SGCC) 

By the end of 2016, the total integrated capacity of solar 

power in the SGCC operation area reached 66.8 GW, 

which is about 26% of the global total. The newly added 

solar power capacity in 2016 was 30.8 GW.

Apollon—Kansai Electric Power 

Since a huge number of PV panels have been installed, 

forecasting PV output has become very important in 

operating the power system. Apollon is a state-of-the-

art short-time PV output forecasting system. Developed 

by Kansai and the Meteorological Engineering Center, it 

was installed at Kansai’s Central Load Dispatching Cen-

tre in March 2016.

Apollon estimates the intensity of radiation on the 

earth’s surface based on information from the meteor-

ological satellite Himawari 8. Crucial forecasting of PV 

output is available up to three and a half hours ahead, 

every three minutes. Apollon can be used for the area 

photographed by Himawari 8. In this indirect way, Kansai 

helps promote PV power generation, too.

Toucan solar plant—Électricité de France (EDF)

Based on the coast of French Guiana, the Toucan facility 

can both store energy and be remotely controlled, en-

abling it to adjust to weather conditions and optimize 

production. The facility has 5 MWp of installed power, 

boasts 55,000 solar panels, and produces enough electri-

city to power the equivalent of more than 4,000 Guianan 

households a year.



1  The solar-thermal power plant Andasol 3 in Granada in southern 

Spain has sufficient capacity to provide a reliable energy supply even 

after sunset.

2  ENEL started contruction in March 2017 for the 754-MW Villanueva 

solar photovoltaic plant in Mexico.

1

decentralized, renewable energy system of the future.

innogy is also familiar with solar-thermal power. The 

Andasol 3 solar-thermal power plant in the province 

of Granada in southern Spain was built by innogy and 

partners. The plant has an installed capacity of around 

50 MW. 

Moreover, innogy supplies solar collectors to be in-

stalled on customers’ roofs. 

2  Largest solar photovoltaic plant in the Americas—Enel 

In 2016, Enel built and commissioned PV plants with a 

capacity of over 750 MW, mainly in South America, the 

U.S. and South Africa, bringing its total PV installed cap-

acity to 1.2 GW. At the end of March 2017, Enel started 

building its 754-MW Villanueva solar PV plant in Mexico, 

which is the largest PV facility under construction in the 

Americas and Enel’s largest solar project worldwide.

2

1  Solar power—innogy

To gain a quick and secure foothold in solar power tech-

nology, innogy acquired the international solar and 

battery specialist BELECTRIC Solar & Battery GmbH, an 

international player in the market for utility-scale photo-

voltaic power plants and battery storage systems. With 

this technology on board, innogy is able to make a sig-

nificant contribution towards the development of the 
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3

3  Overall capacity of solar farms owned by Kansai adds up to 80 MW.

Solar- and Wind-Powered Laboratory for Aquaculture, 

Peru—GSEP

GSEP’s Solar- and Wind-Powered Laboratory for Aquacul-

ture project, led by Enel, will provide electricity to a sea-

weed, scallop, and urchin farm/hatchery in the coastal 

fishing community of San Juan de Marcona. The hatchery 

will be powered by an off-grid hybrid system consisting 

of a 50-kWp solar PV system, a 30-kW miniwind system, 

a diesel generator and electrochemical storage bat- 

teries (25 kWh). The system will generate 75% of its total 

energy from renewable sources and prevent the emis-

sion of 246 t of CO2 per year, in comparison with a full 

diesel supply. In addition, 16 rooftop minisolar lighting 

systems have been installed at checkpoints along the 

coast to improve nighttime safety for fishermen. The 

plant is scheduled to be operational in 2018. 

3  Group-wide solar initiatives—Kansai Electric Power

Kansai and its affiliates own nine solar farms having a 

total capacity of close to 80 MW. With wind, biomass 

and small hydro, overall capacity adds up to 113 MW. The 

group aims to develop 500 MW of renewable power 

generation by 2030. 



Tidal power

Tidal power is still only marginal. Major R&D efforts will be necessary to increase its reliability, 

competitiveness and durability in harsh conditions. 

Yet tidal power offers great potential and some GSEP members have already run some demon-

stration projects.

TOTAL INSTALLED CAPACITY 0.5 GW

TOTAL OUTPUT 5 TWh

PROPORTION OF TOTAL ELECTRICAL OUTPUT 0.02%
Source: International Energy Agency

Tidal turbine prototype—Électricité de France (EDF)

In 2012, EDF immersed a tidal turbine with a diameter 

of 16 m to a depth of 35 m off the coast of Brittany. This 

reversible prototype can generate electricity using the 

energy of both incoming and outgoing tides. An elec-

tricity conversion system is used to transfer the energy 

generated to an onshore station before being fed into 

the electricity grid.

 

After reaching an agreement with two industrial part-

ners, the utility had two 500-kW turbines of the same 

type specially made, which were commissioned in 

late 2015.

 

So far, EDF’s Paimpol-Bréhat tidal turbine demonstration 

project is the most advanced of its type in France. This 

solution for the future is paving the way to the larger-

scale use of energy harnessed from tides. It’s a predict-

able, inexhaustible and carbon-free energy source.

Marine energy research—Enel 

In 2014, Energia Marina, a Chilean company in which 

Enel Chile has a stake, won the tender to build the MERIC 

(Marine Energy Research and Innovation Centre). The 

centre will conduct R&D in marine energy technologies. 

The agreement to finance the project was finalized in 

2015. Corfo (the Chilean Economic Development Agency) 

will provide €8 million over eight years for the project.
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Nuclear power

Over 400 nuclear power plants are in operation in some 30 countries and most of them constitute 

a competitive alternative to other thermal generation methods.

Reliable and with a small carbon footprint, this technology is in great demand in emerging economies, 

where over 75% of nuclear plants under construction are located.

If the technology is made even safer and more reliable, but still remains affordable, nuclear power 

may play a very important role in the long-term decarbonization of electricity generation.

TOTAL INSTALLED CAPACITY 378 GW

TOTAL OUTPUT 2,535 TWh

PROPORTION OF TOTAL ELECTRICAL OUTPUT 11%
Source: International Energy Agency

Flexible nuclear generation to foster the development 

of renewable energy—Électricité de France (EDF)

To efficiently and effectively support the expanded use 

of wind and solar energy, EDF has made the reactors of 

its nuclear fleet more modular.

 

A 1,300-MW reactor can now increase or decrease its 

output by 900 MW within about 30 minutes. EDF began 

to make its nuclear plants more “manoeuvrable” back 

in the 1980s. Due to the size of the fleet, which accounts 

for more than 85% of the power generated by EDF in 

France, nuclear output had to be made adjustable to 

match demand from industry, cities, regions and house-

holds, which fluctuates greatly over a 24-hour period. 

This was necessary to maintain grid balance, since the 

amount of power generated must equal the electri-

city consumed at any given time. This requirement ac-

counts for the specific technical and industrial features 

of France’s modular nuclear generating fleet.

Compliance with new safety standards at nuclear 

power plants—Kansai Electric Power

Since the Great East Japan Earthquake in 2011, Kansai has 

been overhauling its countermeasures for earthquakes, 

tsunamis and other natural disasters. It applied to the 

Nuclear Regulatory Authority to have the nuclear power 

plants that have implemented these measures exam-

ined to ensure their compliance with the new regulatory 

requirements.

Undertaking detailed reviews of compliance with the 

new safety standards in seven nuclear plants, Taka-

hama No. 3 and 4 reactors have met the standards, 

while Takahama No. 1 and 2 and Mihama No. 3 were 

approved to extend their lifetime up to 60 years from 

the current 40 years.



Other sources of thermal power

Thermal generation from fossil fuels represents a potential within the energy industry for reducing 

GHG emissions.

Cheap, abundant coal continues to be popular, accounting for a 40% share of overall electrical power 

output. New technologies have been developed and adopted to improve the energy efficiency of 

coal-fired plants.

Natural gas has a much lower carbon footprint than coal. In addition, thanks to combined-cycle gas turbine 

technology, the efficiency of natural gas thermal power plants has been drastically increased. Power 

generation may also be decarbonized by replacing a more polluting technology with one that has a 

smaller carbon footprint.

TOTAL INSTALLED CAPACITY 4,020 GW

TOTAL OUTPUT 15,900 TWh

PROPORTION OF TOTAL ELECTRICAL OUTPUT 68%
Source: International Energy Agency

Gas-fired generation in the Irkutsk  

region—EuroSibEnergo (ESE)

The gasification program in the Irkutsk region will en-

able Russian utility ESE to switch 75% of its coal-fired 

plants from coal to natural gas and thus reduce their 

carbon footprint by almost 50% from 13.4 billion t CO2 eq. 

to 7.1 billion t CO2 eq.

Thermal efficiency improvement and fuel  

switching—Kansai Electric Power

Kansai has achieved approximately 46% thermal effi-

ciency through the conversion of some conventional 

gas-fired power plants to combined-cycle power plants 

and utilization of ultra-supercritical technology in coal-

fired power plants.

 

Also, Kansai switched from heavy oil and crude oil to 

natural gas, which is better for the environment, in Aioi 

No. 1 and No. 3 units. In addition, in Aioi No. 2 unit, the 

fuel will be changed from heavy oil and crude oil to 

biomass pellets, which are carbon-neutral.

 

Reducing utilization hours of coal-fired power 

genera tion—State Grid Corporation of China (SGCC)

SGCC has built a New Energy Intelligent Dispatching & 

Control Platform (NEIDCP), taking advantage of the en-

tire system to improve new energy consumption levels. 

By strength ening the system analysis of the dispatching 

centers at all levels and optimizing the unit commitment, 

the coal-fired thermal power development was stalled. In 

2016, the annual utilization hours of coal-fired power sta-

tions in North, Northeast and Northwest China dropped 

132, 148 and 383 hours respectively.
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1

1  The 600-MW John W. Turk, Jr. Power Plant, which began commercial 

operation in December 2012, is the first ultra-supercritical generating unit 

to go into operation in the United States. It is among the cleanest, most 

efficient coal plants in the US.

Decarbonization of thermal power plants—RusHydro

RusHydro subsidiary, the Far Eastern Generating Co., im-

plemented a gasification program for combined heat 

and power plants in the Far East region:

–  Khabarovsk CHPP-1 (coal), Khabarovsk CHPP-2 (oil/

coal) and Nikolaevkaya CHPP (oil) in Khabarovsk Krai 

(2007–2016)

–  Vladivostokskaya CHPP-1 (oil), Vladivostokskaya CHPP-2 

(coal) and oil-fired combined boiler 

–  Severnaya in Primorsk Krai (2010–2016)

In addition to increasing the plants’ economic and pro-

duction efficiency, the gasification program has led to 

a significant reduction in air emissions, from 84,200 t 

to 15,500 t. 

Also, the amount of slag from coal-based heating 

and electricity generation dropped from 892,000 t to 

133,000 t.

1  Decarbonization of thermal  

generation—American Electric Power (AEP)

Thanks in part to a 7% increase of natural-gas generating 

capacity and a 24% reduction in coal generation capacity 

since 2005, AEP’s CO2 emissions have decreased more 

than 40% since 2005.

AEP has filed plans with regulators to add 3000 MW of 

natural gas generation through 2033, in part due to an 

abundance of low cost natural gas supply. 



Decarbonization of off-grid systems
Traditionally, isolated and remote communities have been served by off-grid systems with 

oil-fired generators. Although these small communities use relatively little electricity, the 

emissions associated with the use of generators may be reduced by several means.

1  Bhutan Chendebji Microhydro Project—GSEP

Led by Kansai Electric Power, the project features a 

70-kW run-of-river microhydro power plant that was 

commissioned in August 2005. The inhabitants of the 

remote village of Chendebji, nestled in the Himalayan 

Kingdom of Bhutan, are now enjoying the benefits of 

clean, modern electricity generated by this station. 

This was the first Clean Development Mechanism (CDM) 

project for Bhutan and the sixth to be registered in the 

world. The project’s first Certified Emission Reductions 

(CERs) were verified in January 2007 and 474 CERs were 

issued in April 2007.

Connecting off-grid systems to the main  

grid—Hydro-Québec

Hydro-Québec operates 23 thermal stations and 1 hydro-

electric station serving off-grid systems. Thermal power 

represents 0.2% of the company’s output. After con-

necting the isolated communities of Wemotaci, Saint-

Augustin, La Tabatière and Blanc-Sablon to the main grid, 

1

1   The Chendebji powerhouse, built in the traditional Bhutanese architec-

tural style, is complementary to the 70-kW microhydro facility constructed 

by GSEP in this remote village.
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Hydro-Québec launched, in 2016, a program to gradually 

convert off-grid systems to cleaner, cheaper energy 

sources. A first request for proposal (RFP) was issued in 

2016 for power generated from forest biomass to supply 

the community of Obedjiwan. RFPs will be issued for all 

systems by 2020.

Nepal Energy For Education Project—GSEP 

Through its Nepal Energy for Education Project, GSEP in-

stalled solar PV systems at two schools and distributed 

solar home systems to the students and residents of 

Matela, a remote rural district in Nepal. The solar panels 

at the schools are providing lighting and powering 

computer labs, improving the quality of education. The 

project, launched in 2013, has also reduced the use of 

kerosene lamps in local households, reducing health 

hazards such as burns and the inhalation of toxic fumes.  

Small hydro for off-grid systems—EuroSibEnergo (ESE)

Russian utility ESE is developing a program to replace 

oil-fired generators in its isolated off-grid systems with 

small hydropower facilities. 

2

2  250-kW microgrid in Ollagüe, Chile, which integrates wind and solar power.

2  Decarbonization of off-grid systems—Enel

Italian utility Enel is counting on new storage technolo-

gies, microgrids and hybrid production to decarbonize 

off-grid systems. That’s what it is doing with the 250-kW 

microgrid in Ollagüe, Chile, which integrates wind and 

solar power. Other microgrid projects are in development 

in Peru and India. 

Eight new solar farms in off-grid systems—RusHydro 

In 2015–2016, RusHydro commissioned eight new solar 

PV farms with a combined installed capacity of 1,246 kW 

in the republic of Sakha Yakutia. 

The replacement of environmentally unfriendly diesel 

power in these regions reduced CO2 emissions by ap-

proximately 900 t per year and also decreased SO2 emis-

sions by about 2 t per year.



Successful sustained operation of the first  

ultra-supercritical coal-fired plant in  

the United States—American Electric Power (AEP)

The Turk coal-fired ultra-supercritical plant designed, 

built and operated by AEP continues to reliably gener-

ate electricity since it began commercial operation in 

December 2012. It efficiently produces less CO2 emis-

sions than traditional pulverized coal plants by using 

steam at more than 590°C and pressures greater than 

90,000 g/cm absolute.

Decommissioning of thermal generating stations—Enel

Italian utility Enel has set up a program, Future-E, to 

decommission 23 thermal generating stations repre-

senting a capacity of 13 GW. New opportunities for the 

future of these industrial sites will be identified togeth-

er with local communities, following a circular economy 

approach.

Decommissioning of thermal
generating stations
Little by little, all over the world, low-efficiency generating facilities—particularly coal-fired plants—

are being decommissioned and replaced by renewable energies or fossil fuels with a smaller carbon 

footprint. 

Thermal power almost totally  

discontinued—Hydro-Québec 

Between 2011 and 2013, Hydro-Québec shut down three 

oil-fired generating stations connected to its main grid. 

One last thermal generating station, the gas-fired Bé-

cancour plant, is still in operation to meet winter peak 

needs. The decommissioning of these generating sta-

tions has resulted in annual reductions of between 

10,000 and 1.4 million t in GHG emissions, depending on 

how much they were used. Since 1990, Hydro-Québec 

has cut its overall GHG emissions by 91%, with the reduc-

tion attributable to the shuttering of thermal generating 

stations accounting for 85%.

Decommissioning of inefficient fossil fuel  

generation—EuroSibEnergo (ESE)

Russian utility ESE is implementing a program to de-

commission coal and electric boiler houses with the 

substitution of heat production by generating units 

with combined production of electricity and heat. It will 

reduce greenhouse gas emissions by producing heat 

using equipment with lower emissions.
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INCREASING THE ROLE  
OF ELECTRICITY

Access to an adequate supply of electrical power is, for any society, an essential 
precondition to improving welfare and energy efficiency. 

World energy demand is growing rapidly as countries develop and populations 
increase. Zero- and low-carbon electricity is the most effective means to improve the 
quality of life of populations worldwide while addressing climate change issues. This 
is why electricity is called to play an ever-increasing role in decarbonization. Today, 
some 1.3 billion people still don’t have electricity. According to projections issued 
by the Organisation for Economic Co-operation and Development (OECD), the situa-
tion should correct itself by 2050, leading to a sharp increase in electricity demand 
in emerging countries.

Regardless of any growth in new geographic markets, the power industry may 
help fight climate change by offering clean power to industry markets now dom-
inated by fossil fuels, including heating and air-conditioning, along with ground 
transportation.

2



Remote grid—RusHydro

In 2013, RusHydro completed the technological connec-

tion of 37 mobile phone base stations along the remote 

Chita-Khabarovsk section of the Amur Highway. The 

grid’s power lines cover 226 km.

1  Developing renewables in Africa, India 

and Australia—Enel

Enel is targeting new markets for renewables. Located 

in the Kouga Municipality of the Eastern Cape province 

of South Africa, the Gibson Bay wind farm started com-

mercial operations in mid-2017. With this 111-MW addition, 

Enel operates today more than 520 MW of solar and 

wind plants in the country.

 

In India, the acquisition of the majority stake of local 

utility BLP Energy, with 172 MW of wind plants in oper-

ation, paves the way for future growth. In Australia, 

through a joint venture between Enel Green Power 

S.p.A. and the Dutch Infrastructure Fund, Enel has en-

tered into an agreement to acquire Bungala Solar One, 

Bringing electricity to new  
geographic markets
Since its founding 25 years ago, GSEP has been working tirelessly to facilitate access to electricity in 

countries with developing economies. The group has already completed 14 renewable energy projects 

in 20 countries in Africa, Asia, Latin America and Oceania. Together, these projects avoid some 58,000 t 

of CO2 emissions each year.

Furthermore, individual GSEP members take part in various electrification projects in areas hitherto 

without electrical power.

1

1  The Gibson Bay wind farm, with 111 MW of installed capacity, started 

commercial operations in mid-2017.

the first 137.5-MW phase of the 275-MW Bungala Solar 

PV project, which is currently the largest ready-to-build 

solar PV project in Australia. Construction work is ex-

pected to start by mid-2017.
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Using electricity to alleviate  

poverty—State Grid Corporation of China (SGCC)

To come to the aid of poor areas that rely on electricity 

for their development, SGCC strengthened and upgraded 

its electricity infrastructure in those areas. In 2016, SGCC 

carried out 782,000 farmland irrigation wells electrifica-

tion pro jects, 36,000 small town and key village power 

grid upgrading projects, solved low-voltage problems 

for 3,557,000 households, brought electric power access 

to 6,219 villages and finished electric power upgrade 

pro jects in 15,371 villages. SGCC integrated a photovol-

taic poverty alleviation project with a capacity of 49 MW, 

which benefited more than 9,800 poor families. SGCC 

also built 7 photovoltaic power plants with an in stalled 

capacity of 29.8 MW for poverty alleviation.

2  San Roque Hydropower Project (multi-purpose dam)

2

2  Projects in Southeast Asia—Kansai Electric Power

Kansai has been developing two sustainable hydro-

power projects. The company holds a 45% stake in the 

Nam Ngiep 1 Project (291 MW) in Laos and a 49% stake 

in the Rajamandara Project (47 MW) in Indonesia. Kan-

sai also owns a 50% stake in San Roque Power Station 

(436 MW) in the Philippines, which started operation 

in 1998. 



1  Headquarters—Kansai Electric Power

Kansai uses solar panels and district heating/cooling 

supply facilities that make use of river water for air-

conditioning, automatic lighting systems, and heat stor-

age or large-scale ice thermal storage to reduce day-

time peak energy consumption. As a result, the building 

originally used approximately 30% less energy than a 

standard new building. In addition, energy consump-

tion in the tenth year was about 32% less than in the first 

year, thanks to improved energy efficiency. 

Seawater for heat pumps—Électricité de France (EDF)  

How can we manage energy consumption for home 

heating and at the same time make use of renewable 

energy? That’s a question that many local authorities 

are asking. For the La Divette Homeowner Association 

in Cherbourg, France, EDF found the solution 300 metres 

away in the port of Cherbourg: seawater. The system 

implemented uses two heat exchangers to recover the 

energy in seawater. Two heat pumps then extract this 

energy and inject it into La Divette’s district heating and 

hot water networks.

 

Initially at 50°C, the heating network’s water is raised to 

63°C, the temperature needed to heat the 1,300 social 

housing units. Energy efficiency is the name of the game, 

with the heat pumps generating 3 kWh of heat for every 

kilowatt-hour of energy consumed. In the final analysis, 

Replacing fossil fuels with electricity
Thanks to technological progress in smart grid management and energy storage, electricity 

is increasingly competitive with fossil fuels, primarily in the area of heating and cooling 

buildings.

1

1   The Kansai Electric Power Headquarters’ heat supply system

the La Divette district has reduced its dependency on fos-

sil fuels and improved its environmental performance. All 

that with limited risk, as EDF and the local authority have 

signed an energy performance contract that provides for 

a penalty to be paid if performance falls short of target.

 

–  30% reduction in tenant fees

–  84% of the district’s heating needs now met from re-

newable sources

–  62% reduction in annual CO2 emissions from heating

–  1,300 social housing units heated with seawater
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2

3

2  innogy’s power-to-gas pilot plant in Ibbenbüren in Germany is a further 

step towards exploring innovative storage potential.

3  Solar power has enormous potential to replace diesel generation in 

climate-vulnerable island nations such as the Maldives, the location of 

GSEP’s Dhiffushi Solar Ice Project.

2  Energy storage—innogy 

innogy is testing how excess power from wind turbines 

can be efficiently stored in its power-to-gas (P2G) pilot 

plant. The idea is to link the power and gas network 

together, using the existing natural gas infrastructure as 

a giant battery facility. Furthermore, innogy and Westnetz 

are testing power-to-heat (P2H) as an element of sector 

coupling to transfer a local surplus of power to heat and 

replace oil.

innogy is also testing large battery storage facilities to 

store energy from numerous photovoltaic panels. That 

power can now be diverted into the battery and later 

fed back into the grid when needed. With its power-to-

liquid plant, innogy is currently demonstrating how to 

generate synthetic methanol using water, oxygen and 

renewable electricity and use it as a carbon-neutral fuel 

for ships.

For private households, innogy offers a storage battery 

that allows users to increase their share of electricity 

consumption from solar energy to as much as 70%.

3  Dhiffushi Solar Ice Project—GSEP

In 2016, GSEP inaugurated its Dhiffushi Solar Ice Project 

in the Maldives, a country which relies almost exclusive-

ly on imported fossil fuels to meet electricity demands. 

The project will serve as a replication model for future 

solar projects in the region, providing momentum for 

a shift away from diesel generation. The 40-kW grid-

connected solar photovoltaic system is connected to an 

ice machine that uses surplus electricity to create ice. 

The ice is used to preserve fish, as fishing is the principal 

source of livelihood for Dhiffushi Island’s residents. The 

system will prevent the emission of a predicted 52 t of 

CO2 per year (compared with a full diesel supply) and 

will supply approximately 25% of the island’s electricity 

needs under the best conditions. The project will pro-

vide the island’s residents with a cleaner source of elec-

tricity and will stimulate the local economy. The project 

was led by Kansai Electric Power.

Promoting electricity replacement—State Grid  

Corporation of China (SGCC)

SGCC vigorously promotes electricity replacement and 

proposes the new energy consumption pattern of re-

placing coal and oil with clean electricity delivered over 

long distances. The new pattern also promotes the re-

duction of scattered coal burning and direct oil combus-

tion in support of clean electricity. In 2013, the number 

of electricity replacement projects that had been imple-

mented reached 70,000, with 243.3 TWh of electricity, 

resulting in the reduction of 136 million t of coal and 

243 million t of CO2. In 2016, 41,000 projects had been 

carried out, with 103 TWh of electricity.



1  Peru transportation electrification project—GSEP

Further to the Paris Agreement (COP21) and in order to 

promote sustainable use of electricity, Hydro-Québec 

and Enel will be leading a GSEP project in 2017 to add 

one or two electric buses to the municipal transit sys-

tem in Lima, Peru.

The pilot project will familiarize the various stakehold-

ers with the new technology and gather information 

that will enable them to consolidate the economic, so-

cial and environmental benefits of electric transporta-

tion. The ultimate goal is to have the pilot project serve 

as a springboard for a second phase, the introduction of 

more electric buses in Lima with a concomitant reduc-

tion in GHG emissions.

Ground transportation electrification
Ground transportation is indisputably the area where electricity is increasingly taking the place of 

hydrocarbons. In the five years from 2012 to 2016, annual sales of electric vehicles (EVs) and plug-in 

hybrids went from 134,000 to 774,000 globally. That’s an average annual increase of 55%, which is 

one of the reasons the capitalization of electric automaker Tesla has climbed to reach that of giants 

like Ford and General Motors.

GSEP members have been preparing for years for the advent of EVs, the effect on electricity demand 

and the implementation of the necessary charging infrastructure.

The future of EVs depends largely on three main factors: reducing production costs, increasing vehicle 

range and rolling out an adequate charging infrastructure. The spectacularly fast development of 

lithium-ion batteries suggests that EVs will very soon be competitive in many parts of the world.

The electrification of ground transportation doesn’t just mean personal cars. Public transit also has 

good potential and the electricity industry has already started to exploit it.

1

1  The GSEP project team visited Peru in 2017 to meet with stakeholders 

and potential partners for its electric bus pilot project in Lima.
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2  Transition to EVs—innogy

innogy promotes the energy transition at home by link-

ing the e-mobility charging box to a roof-mounted solar 

energy system with energy storage facilities in the base-

ments of private households.

innogy has a total of 5,400 charging stations for electric 

cars operating in more than 20 countries. In Germany, 

innogy joined forces with more than 100  municipal 

utility partners to form the country’s biggest public 

charging network.

3  Development of battery materials—Hydro-Québec

Scientists at Hydro-Québec’s research institute are 

working on materials for EV batteries, with the main 

objectives of improving battery performance, reducing 

manufacturing costs and making them safer. Scientists 

are also experimenting with vehicle-to-grid and vehicle-

to-home energy exchanges.

Hydro-Québec is also trying to use materials that are 

both recyclable and environmentally friendly.

Vehicle-to-grid system—Enel  

Enel has a partnership with Nissan to develop an innov-

ative vehicle-to-grid (V2G) system that will allow drivers 

to operate as individual energy hubs with the ability to 

store electricity, use it or return it to the grid. Enel has 

already installed 10 V2G units at the headquarters of 

Danish utility Frederiksberg Forsyning in collaboration 

with Nissan and Nuuve, a V2G service provider. Enel’s 

Zem2All (zero-emission mobility to all) pilot project has 

introduced a fleet of 200 electric vehicles, 23 fast-charge 

stations and six V2G charging stations in Malaga, Spain, 

contributing to the Malaga Smart City initiative.  

Promoting the development of the electric vehicle 

industry—State Grid Corporation of China (SGCC)

SGCC is the largest charging network constructor and 

operator in China. SGCC has expedited the construction 

of charging and swapping infrastructure in recent years. 

The fast-charging highway network for EVs extends 

14,000 km and covers 95 cities. 107,000 charging stations 

and 5,528 battery swapping stations have been installed. 

The total connection capacity is 1.05 GW. The radius of the 

fast-charging network for public users is within 1 km in 

Beijing, Shanghai and Hangzhou cities.

2  In Germany and Europe, innogy has established itself as a leading 

provider of eMobility charging solutions. 

3  In a dry room in Hydro-Québec’s energy storage laboratory, expert 

technicians use an automatic stacker to make large soft-pack lithium-

ion batteries.

2

3



INTERCONNECTING 
GRIDS AND INTEGRATING 
ENERGY SOURCES 

The interconnection and synchronization of increasingly extensive grids are cru-
cial for transporting power efficiently to the load centres where it is needed. This 
interconnection relies largely on innovations in automated grid management 
and energy storage systems.

Today, the design of major power grids must take into account national, region-
al and international management subject to various regulations and energy 
sources. The cross-border exchanges that enable integrated grids facilitate the 
replacement of polluting energy sources by renewables.

To reduce our industry’s carbon footprint, we will increasingly need robust, reliable, 
flexible grids capable of integrating the intermittent renewable power sources 
that are such a challenge in terms of stability.

3
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Integrating advanced energy storage—American 

Electric Power (AEP)

AEP has utilized its pumped storage hydroelectric plant 

to optimize the energy usage on the AEP System. AEP 

has also focused on adapting and integrating new stor-

age technologies for the benefit of its customers:

–  2006 1-MW/7.2-MWh NaS battery: Allowed deferral 

of capital investment in the distribution system in 

Charleston, West Virginia

–  2009 Three 2-MW/14.4-MWh NaS batteries: Provided 

peak load shaving and demonstrated increased re-

liability by providing back-up power in Milton, West 

Virgnia, Churubusco, Indiana, and Bluffton, Ohio

–  2010 4-MW/24-MWh NaS battery: Transmission capital 

deferral while providing back-up power to the town 

of Presidio, Texas 

The biggest barrier to wider deployment has been cost, 

which has not significantly decreased since AEP initially 

piloted community energy storage as part of the grid 

SMART® demonstration project in Ohio. AEP recognizes 

the need to continue exploring a variety of options and 

possibilities for delivering electricity to  customers, in-

cluding further development of energy storage tech-

nology. That’s one of the reasons AEP invested $5 mil-

lion in Greensmith Energy Management Systems, LLC. 

Greensmith’s main focus is maximizing the efficiency 

of battery storage.  

The construction of UHV power grid—State Grid 

Corporation of China (SGCC)

UHV power transmission appeared in a government work 

report in the 2016 National People's Congress and the 

Chinese Political Consultative Conference (NPC&CPPCC) 

for the first time and has become the strategic focus of 

the country’s clean energy development since then. SGCC 

had accomplished six UHV AC and five UHV DC projects 

by the end of 2016. These UHV projects cover 17,000 km. 

Another three UHV  AC and six UHV  DC projects are under 

construction with a total length of more than 13,000 km. 

The Zhundong – Wannan ±1,100kV UHV DC transmission 

project, currently under construction, is a world-class 

UHV transmission project with the highest voltage level, 

the largest transmission capacity, the longest transmis-

sion distance and the most advanced technology.

The commissioned six UHV AC  and five UHV DC projects 

have added 64-GW transmission capacity to the load 

centers in Central China and East China. The added cap-

acity can reduce 120 million t of coal transportation and 

340 million t of CO2 emissions, which greatly supports 

the energy transition.

Asian interconnection projects—EuroSibEnergo (ESE) 

Well placed to take advantage of the strong growth of 

Asian markets, Russian utility ESE plans to take part in 

global and regional green energy projects and set up 

cross-border interconnections in the northeastern part 

of Northeast Asia.

Grid development and digitization—Enel

By investing in grid development and digitization, Enel 

has been able to integrate massive distributed-genera-

tion plants, mainly supplying renewable energies. Italy 

experienced a boom in PV generation in the space of 

a few years, exceeding 18,000 GW of installed capacity 

in 2013.



1  AEP’s BOLD technology can reuse a right-of-way already housing exist-

ing transmission lines instead of building new lines on a new right-of-

way, replacing older, lower-voltage lines with higher-capacity new lines, 

thereby accelerating the connection time of new generation. AEP’s BOLD 

transmission tower can carry the same amount of power as three com-

parable single circuit traditional towers, in a right-of-way one-third the 

size with lower energy losses.

Exports and energy storage—Hydro-Québec 

With its grid interconnected with those of neighboring 

provinces and states, Hydro-Québec is able to export 

power from renewable sources to regions where it will 

displace thermal generation. In 2016, those exports 

helped avoid close to 8 million t of GHG emissions.

Technologies Esstalion, a joint venture of Hydro-Québec 

and Sony, has developed a large-capacity energy stor-

age system able to supply 2.4 MWh. A prototype will be 

tested in 2017 before it is connected to a power trans-

mission line. 

1  Modernizing transmission grids with advanced 

technologies—American Electric Power (AEP)

American Electric Power owns and operates approxi-

mately 60,000 transmission circuit kilometers between 

23 kV and 765 kV. In the next ten years, approximately 

30,000 transmission line kilometers, transformers and 

circuit breaker assets will be well beyond their 50- to 

70-year life expectancies so AEP has been replacing and 

upgrading them.

AEP has developed a compact line design transmission 

technology able to carry up to 75% more capacity with 

33% more efficiency in a smaller and more aesthetic-

ally pleasing structure with capital costs on par with 

conventional transmission solutions and much more 

cost-effective on a dollar-per-MW basis. AEP is using this 

Breakthrough Overhead Line Design (BOLD transmission 

tower) where the application fits the need. Not only 

does it provide better system stability, the technology 

makes power generated by wind farms far from major 

load centres more competitive.

Integrating renewable power sources—Électricité  

de France (EDF)

EDF manages Reunion Island’s electricity system. Together 

with several partners, including Météo France, École Poly-

technique, Quadran and Albioma, it has developed an 

innovative process for creating a balance between gen-

eration and consumption while maximizing the storage 

capacity for photovoltaic and wind power.

1
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2

2  With the research project Smart Country, innogy aims to ensure stable 

energy supply in the face of fluctuating renewable energy sources.

 

Implemented on Reunion Island, this process has three 

components: a highly precise forecasting system for 

the wind and photovoltaic generation fleet based on 

weather forecasts and satellite images; data transmis-

sion and real-time management of the renewable 

energy facilities and the storage system; and a connect-

ed large-capacity storage battery. With its use optimized 

against the system data, the battery can store energy 

in sunny or windy conditions and then release it into 

the grid when it’s cloudy or when the wind dies down. 

 

Using this storage capacity to facilitate power generation 

from these intermittent renewable sources, the system 

provides a partial answer to the challenges facing island 

electricity systems.

2  Integrating renewable energies—innogy

In 2016, innogy connected approximately 8,500 new 

renewable energy plants to its distribution grid in 

Germany (e.g. PV and solar plants owned by private 

households, biogas plants or wind farms owned by 

commercial providers). At the end of 2016, around 

325,000 plants were feeding electricity into innogy’s 

distribution grid.

 

The Smart Country research project, led by innogy, aims 

to test out network concepts (e.g. how to bring locally 

generated electricity from an increasing number of 

small facilities to the cities while maintaining stable 

voltage quality) at a practical level and evaluate their 

economic and technical viability.



ROLLING OUT SMART GRIDS
Continuous progress in information technologies is facilitating the rollout of smart 
distribution systems that can use all connected energy sources, from electric cars 
to customer-generator equipment.

By allowing a kind of economy of pooling electrical resources, smart grids can en-
sure a better match between energy needs and the energy source that can meet 
it at the lowest possible environmental and financial cost.

By letting customers know their consumption parameters in real time, the smart 
grid also encourages them to play an active role in managing demand.

4
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Rollout of Smart meters and self-healing 

circuit technologies—American Electric Power (AEP)

Through 2016, AEP installed 1.7 million smart meters and 

reconfigured 250 circuits with Distribution Automation 

(DACR) technologies.

Smart meters—a critical step in creating a smarter net-

work—establish a two-way data connection between 

AEP and its customers, which is increasingly important 

as smart appliances and devices need more informa-

tion from the grid to function optimally. Having smart 

grid technology helps to pinpoint sources of customer 

outages with greater speed and accuracy, improving 

outage restoration capabilities. AEP plans to deploy 

approximately 900,000 additional meters, with regu-

latory support.

Distribution automation circuit reconfiguration (DACR) is 

an important grid technology that significantly improves 

reliability of the power grid through real-time monitor-

ing and reaction. DACR continuously monitors for poten-

tial electrical faults and isolates portions of the network 

when a fault occurs, strategically re-routing electric loads 

to available circuits to maintain energy delivery to the 

majority of customers. This is known as a “self-healing” 

system. A smart grid has the ability to locate and iso-

late problems within the network as they occur. With 

DACR, AEP can effectively split the network into islands 

that would be managed separately to prevent a larger 

event, such as cascading outages. As the repairs are 

made, controllers would prepare the island to rejoin 

the larger grid.

1  Major investments in grids and  

infrastructure—innogy 

The company will invest €4.1–€4.4 billion in grids and 

infrastructure between 2017 and 2019. Among other 

things, this will facilitate the integration of additional de-

centralized generating capacity and make the grids more 

intelligent. The company is developing a broad range of 

grid and infrastructure research projects with various 

partners. One of those projects—Designetz—is set to 

develop a blueprint for a functional, safe and efficient 

energy system of the future, based on high shares of re-

newable energy. Photovoltaics, wind energy, combined 

heat and power (CHP) systems, storage technologies, 

interruptible loads and most of all links to intelligent 

distribution networks are the key elements of Designetz.

The company is also digitizing and automating a large 

number of operational and customer processes in order 

to improve the efficiency of the electricity grids and as-

sociated processes.

1

1  innogy constantly develops the digitalization, integration and efficiency 

of the electricity grids.



Smart grids and digital platforms—Électricité  

de France (EDF) 

With Smart Electric Lyon, customers have access to per-

sonalized advice and data to track their consumption; 

innovative pricing simulations tailored to their needs 

and their consumption habits (for instance, when they 

agree to reduce their consumption in winter peak hours); 

and smart, connected equipment that reacts automatic-

ally to data sent by the power supplier.

 

At the center of all this is a smart meter. Smart Electric 

Lyon involves a large area and a representative sample 

of the French population. The project is unprecedented 

for assessing and testing electricity usage in order to 

understand how users respond to innovative solutions 

that point the way to tomorrow’s networks and con-

sumption. Consuming energy efficiently and in smaller 

quantities is the goal.

Smart grids and demand response—Hydro-Québec 

The utility is running pilot projects aiming to reduce 

power demand in peak periods. In Québec, most cus-

tomers heat their homes with electricity. As a pilot pro-

ject, Hydro-Québec asks target employees to use smart 

thermostats for electric baseboard heaters with a view 

to assessing energy savings and reducing demand. 

Eventually, Hydro-Québec could shut off the heating in 

some rooms to reduce demand during the winter peak 

period, for customers that agree.

Smart meters—Kansai Electric Power 

With a view to determining peak demand hours on 

the customer side and using electricity more efficiently, 

Japanese utilities are committed to installing smart me-

ters for all customers by the early 2020s, in line with 

government energy policy.

As of March 2017, Kansai had already installed 7.5 million 

smart meters, more than any of Japan’s other nine  

major electric utilities. The company plans to deploy 

13  million smart meters in total, covering its whole 

power supply area.

Rolling out smart meters—Enel 

Having installed more than 41 million digital meters 

worldwide, Enel is now rolling out its second genera-

tion of smart meters in Italy, together with the installa-

tion of an ultra-broadband optical fiber infrastructure. 

Another example of Enel’s work in smart grids is the 

Puglia Active Network (PAN) project, which integrates a 

modern wireless communication network with the distri-

bution system. This means that electricity and real-time 

consumption data can be simultaneously delivered.
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IMPROVING ENERGY  
EFFICIENCY

For decades, all kinds of technologies requiring electricity have been developed 
to optimize energy consumption. Digital thermostats with motion detectors, 
timers and efficient lighting systems are all examples of devices that already 
help improve energy efficiency.

Customers are more energy-efficient as they change their electricity use habits. 
Electricity companies are continuing their energy efficiency efforts, which are 
supported by customers’ new energy-saving habits along with the impact of effi-
cient products.

5



Geosolar heat pump for a campus in  

a 12th century convent in Cannington, southwest  

England—Électricité de France (EDF)

The innovative solution adopted by EDF Energy is based 

on a high-efficiency geosolar heat pump. For every kilo-

watt-hour it consumes, the pump releases between 4 and 

5 kWh of heat. The combination of geothermal and solar 

energy meant shallower bores could be drilled to harvest 

heat from the ground, but above all, it cuts the instal-

lation’s CO2 emissions in half compared with a conven-

tional gas installation.

 

Additionally, the geosolar heat pump is coupled with 

photovoltaic solar panels that also generate low-carbon 

electricity, which is partly used to supply the campus’ 

electric vehicle charge points. In all, 100% of the campus’ 

heating and cooling needs are met by renewable energy 

produced on site.

1  Energy efficiency initiatives—innogy

The company’s SmartHome enables customers to con-

trol electrical appliances, roller shutters, lights and 

heating using their computers, smart phones or tab-

Energy savings 
Every day, new electrical technologies—heat pumps, LED bulbs, efficient appliances—are developed, 

and they all help make homes, businesses, office buildings and factories more energy-efficient.

There are also innovations in the design of smart buildings and even the design of more sustainable 

cities with a smaller carbon footprint.

1

1  innogy offers a variety of consultancy services for smart home solu-

tions and energy efficiency.

lets while away from home. Its Smart Energy technolo-

gies are helping private solar power systems or micro/

mini-cogeneration plants (combined heat and power 

generation) intelligently coordinate production and 

consumption. Finally, the company offers its corporate 

customers individual consultations to make efficiency 

recommendations that can reduce energy consumption 

and bring down costs. 
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2

2  Demand Energy Networks (DEN) is a U.S.-based company acquired by 

Enel  and specialized in intelligent software and energy storage systems.

Residential heat pump system and information on CO2 

emission reduction—Kansai Electric Power

Kansai has long promoted a residential heat pump sys-

tem called Eco-Cute. It can reduce 28% of CO2 emissions 

by replacing residential gas boilers. Eco-Cute can also 

reduce CO2 emissions by 70% to 80% by replacing elec-

tric heaters.

It is expected that 48.3 million t of CO2 can potentially 

be reduced by expanding the use of heat pumps in the 

residential, commercial, industrial and agricultural sec-

tors throughout Japan. This accounts for more than 20% 

of Japan’s reduction target for the year 2030.

Kansai also offers residential customers online infor-

mation about their electricity consumption, CO2 emis-

sions and how to reduce them, and many tips on how 

to save energy. 

Avoiding generating capacity additions through 

energy efficiency and demand response  

programs—American Electric Power (AEP)

AEP helped its customers achieve approximately 

2,000 MW of avoided capacity additions in 2016 by par-

ticipating in AEP’s energy efficiency (EE) and demand 

response (DR) programs. AEP considers EE/DR a part 

of its generation capacity although it is not a physical 

asset. This represents a 6% increase from 2005.

Energy efficiency programs—Hydro-Québec

Between 2003 and 2016, the company’s investments 

in energy efficiency translated into cumulative energy 

savings of 9.4 TWh, the equivalent of the power used 

by 535,000 households heated by electricity. 

The company’s goal is to satisfy a third of increased de-

mand by implementing customer awareness programs 

by 2020.

2  Demand response and energy storage systems—Enel 

In January 2017, Enel acquired Demand Energy Networks 

(DEN), a U.S.-based company specialized in intelligent 

software and energy storage systems. DEN owns an in-

novative software application that optimizes project 

revenue streams (demand response services, demand 

charge reduction), thanks to its dynamic and multivari-

able energy management system, which is able to in-

tegrate different hardware components (batteries and 

generation systems) for both C&I customers and utilities. 

Such capabilities reduce peak power demand, on the 

one hand, thus optimizing grid operations and resour-

ces, and on the other hand, reduce energy bills for end 

customers, while providing the same energy service. 



Grid efficiency 
Aside from significant steps taken to optimize electricity consumption, greater energy efficiency also 

demands efficient management of power generation, transmission and distribution.

Modernizing distribution grids with advanced 

technologies—American Electric Power (AEP)

American Electric Power owns and operates approxi-

mately 360,000 distribution circuit kilometers. In its ef-

forts to improve its grid’s energy efficiency, American 

Electric Power is focusing on better voltage and reactive 

power control (Volt/VAR).

Volt/VAR reduces energy losses by maintaining stable 

end-node voltage. Furthermore, the addition of con-

densers to lines offsets losses caused by reactive power.

AEP has been increasing the efficiency of its distribution 

circuits by retrofitting Volt/VAR optimization (VVO) tech-

nology to them. Typical performance improvements are 

3 to 5%, but higher efficiencies are possible, depending 

upon circuit loading. The U.S. Environmental Protection 

Agency recognizes VVO as a CO2 emission reduction 

technology.

Major emission reduction—State Grid Corporation  

of China (SGCC) 

In 2015, the comprehensive line loss rate was lowered, 

saving 10.4 TWh of electricity and cutting CO2 emissions 

by 8.2 million t. That same year, SGCC recovered and 

treated 47.1 t of SF6 (an insulating gas), equivalent to a 

reduction of 1.1 million t of CO2 emissions. 

Decrease of electricity and heat losses in electric grids 

and heating networks—EuroSibEnergo (ESE)

Russian utility ESE is implementing a program with re-

gards to the installation of smart metering systems on 

distribution grids and heat network renovation. It helps 

to cut losses and respectively to lower electricity and 

heat output using coal-fired power plants, resulting in 

lower greenhouse gas emissions. From 2003 to 2016, 

GHG emissions due to the reduction of electricity losses 

in distribution grids were decreased by 1.6 million t of 

CO2 eq.
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Conclusion

On the 25th anniversary of GSEP’s founding, this report provides an overview of the 
initiatives and projects that its members—10 large electric utilities—have accom-
plished, individually or collectively, with the specific aim of reducing greenhouse 
gas emissions.

Members have made many efforts to reduce their carbon footprint, and several 
projects are under way, in line with commitments made at the 2015 Paris Climate 
Conference. 

The global energy system is at a crucial stage—one of profound change, where 
three trends dominate: decarbonization, decentralization and digitalization.  

This report addresses the concrete steps towards decarbonization taken by GSEP’s 
members, along with the issues of innovation and energy transition. Their actions 
demonstrate that the energy transition is possible.

The power industry still faces major challenges, and reducing their carbon footprint 
remains a priority for GSEP member companies, whose dedication to this issue has 
spanned 25 years.



UNITS OF MEASURE

W: watt (a unit for measuring power)

kW: kilowatt (one thousand watts)

MW: megawatt (one million watts)

GW: gigawatt (one billion watts)

Wh: watthour (a unit for measuring electrical energy)

kWh: kilowatthour (one thousand watthours)

GWh: gigawatthour (one billion watthours)

TWh: terawatthour (one trillion watthours)

kWp: kilowatt peak (stands for peak power, also referred to as nominal power)

MWp: megawatt peak (one million watts peak)

t: tonne (metric ton)

WEB SITES: GSEP AND MEMBER COMPANIES 

American Electric Power: www.aep.com

Électricité de France: www.edf.fr

ENEL S.p.A.: www.enel.com

EuroSibEnergo: www.eurosib.ru

Global Sustainable Electricity Partnership (GSEP): www.globalelectricity.org

Hydro-Québec: www.hydroquebec.com

innogy: iam.innogy.com

Kansai Electric Power Co. Inc.: www.kepco.co.jp

RusHydro: www.eng.rushydro.ru

State Grid Corporation of China (SGCC): www.sgcc.com.cn

Tokyo Electric Power Company Holdings Inc. (TEPCO): www.tepco.co.jpl 
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