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Electricity supply and demand in Shikoku, 20 May 2018
RE102%: PV 73%, Hydro 25%, Wind 3%, Bioenergy 1%
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Largest share of RES in each demand/supply area
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Electricity supply and demand in Kyushu, 3rd May 2018
RE96%: PV 81%, Hydro 11%, Geothermal 2%, Wind 3%, Bioenergy 0%
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Japan Change in Electricity Generation 2010-2017
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Renewables(RES) and Variable Renewables (VRES) - discussions in Japan:

RES, especially wind and solar cannot be predicted and intermittent so that highly
disturb grid stability,

More and more VRES means more and more fossil for adjustment of power,
Supply by RES has limitation

VRES cannot supply electricity for industry
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AIM: Assessment of possibility and adequacy of high integration of VRE

Acceleration of grid information disclosure
Acceleration of transparent discussion relates to grid integration of VRE

International joint study: Agora Energiewende + Elia Grid Interntional
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Key Insights

The Japanese power system can accommodate a larger proportion of wind and solar energy than is currently
provided for in the government’s 2030 targets, while still maintaining grid stability. An annual share of at least
33% RES (22% variable renewables - VRES) can easily be integrated, while still maintaining grid stability. A
higher renewables share of 40% (30% VRES) could also be achieved with very low curtailment level.

There already exist a number of technical measures to improve grid stability in situations where a high
proportion of variable renewables could place a strain on grid operations. Indeed, VRES can contribute to
maintaining grid stability by providing fast frequency response (FFR). On conservative assumptions, this study
shows that such FFR services would enable the existing Japanese transmission grid to incorporate
instantaneous VRES penetration levels of up to 60% in eastern Japan and around 70% in western Japan,
while still maintaining frequency stability. These assessments confirm the trends observed in 2018 in regions
such as Kyushu or Shikoku, where hourly VRES penetration satisfied more than 80% of demand
(corresponding to more than 55% of all power generation). By 2030, these high regional infeed levels could
become the norm for the Japanese system as a whole. Furthermore, implementing additional technical
measures would allow even higher penetration levels to be reached.

Integrated grid and resource planning can help mitigate the impact of wind and solar PV deployment on
intraregional and interregional load flows. Increasing the proportion of VRES in the mix is expected to reduce
power line loading in some regions and increase it in other parts of the system. The impact of VRES
distribution on the grid must therefore be systematically taken intoaccount in future grid development plans,
in order to avoid creating line-loading hotspots.

Non-discriminatory market regulations, enhanced transparency, and state-of-the-art operational and planning
practices facilitate the integration of a higher proportion of variable renewables. In particular, renewables
should be incorporated into ancillary service provision, since they can contribute to frequency stability,
balancing, and voltage control in tandem with other technologies (such as demand side response,
conventional generation, and storage).
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Recommendations for policy planners and regulatory bodies

— Implement non-discriminatory market rules for renewable integration: consider the potential role
of RES in ancillary services such as balancing markets and reactive power provision. This would boost
the new business case for RES and allow RES to assume greater responsibilities within the power
system as a whole.

— Foster data transparency to enable third parties to carry out meaningful studies on the Japanese
energy sector. This will eventually result in more robust debate and help to raise public awareness.

— Encourage further power system studies involving independent parties: Integrating renewables is
an interdisciplinary project and further studies should be conducted on congestion management,
adequacy, market integration, operational planning adaptation, connection requirements, and system

y defences.
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Recommendations for system operators

— Establish inertia monitoring: inertia is a key parameter in ensuring system stability. By monitoring it,
system operators can actively limit the consequences of frequency deviation incidents.

— Integrate renewables into ancillary service provision: system operators can make use of the
capacity of VRES to maintain frequency stability and provide balancing power and voltage control. In all
such cases, system operators should diversify their portfolio of service providers.

—Increase the transparency of the grid and power system data required for long-term planning.
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Recommendations for renewable developers

— Anticipate grid service requirements: the Japanese energy sector is set to undergo major
changes in the near future as a result of unbundling and the establishment of new markets.
Developers should actively define their role in this process and seek out new opportunities.

— Explore the additional services renewables may provide: renewable energy sources are already
capable of providing other services beyond mere energy supply. We recommend carrying out
further studies and defining use cases for services such as FFR, balancing, and reactive power.
This will allow innovative solutions to be developed for the benefit of all parties.
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