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Central dispatching center
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Our life is essentially supported by “information”. EMS Center explores an
emerging world which is brought by advanced utilization of information, i.e.,
a future which enables high accessibility and comfort in living- and working-
space, energy use and transportation.
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Demand Response (DR) is trading decrease/increase of demand as increase/decrease of
generation through a communication link between a utility/retailer and customers, generally
mediated by an "aggregator®. EMS Center established the Japanese standard DRAS (DR
Automation Server) based on IEC international standard communication, OpenADR.
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Supporting a power system being complicated with
expansion of renewable energy sources.
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ANSWER is a hardware testbed for distribution networks scaled down in a
laboratory environment. Various distribution network configurations can be
emulated by choosing and assembling suitable sets of devices, and any EMS
schemes can be tested and analyzed.

Smart warehouse / EV

Smart building (ZEB)

$)VPP: Virtual Power Plant
V26: Vehicle to Grid
DR: Demand Response
ZEH: Zero Energy House
ZEB: Zero Energy Building
LRT: Light Rail Transit
EMS: Energy Management
System
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Flexible advanced research and development focusing on electric distribution system, equipment,
communication, control, etc. can be possible for energy exchange among customers, energy
management in the customer including self-sustaining operation and related loT service.
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HPWH: Heat Pump Water Heater TWET, A

AC: Alr Conditioner
EV: Electric Vehicle
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SMART CITY ,

Satellite data
Solar irradiance, etc.
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Transportation
information
LRT /Bus, etc.
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Digital-twin platform for a sustainable smart city can be
constructed by combining various information platforms
such as meteorological, traffic, distribution network,
demand, and geographic information. We can design
and evaluate smart cities from the assessment of specific
policies and several indices.

Demand information

Consumption pattern
PV//EV/BESS, etc.

Geographic information
Latitude / longitude

Land use districts, !
etc.
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Data monitoring
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~ INTEGRATED EMS PLATFORM

Voltage
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We can validate any EMS methodologies using an integrated EMS
platform which can be communicated with other platforms and
testbed. We also identify issues of EMS methodologies for practical
use and improvement of system performance through the experimental
simulation.
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Organisation for Cross-regional Coordination of Transm
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Monitor Nationwide Conditions
of Supply-Demand and
Network System Operation

Monitor nationwide conditions of supply-demand
and network system operation 24 hours a day, 365 days a year
OCCTO monitors and grasps, on a real-time basis, information such as supply-demand conditions monitored at the
central load dispatching centers in each supply area by introducing the Cross-regional Operation System.
Furthermore, OCCTO manages the plans and actual performance of system users' supply-demand with monitoring

supply-demand balance in each supply area provides immediate and precise judgments and instructions such as how
much electricity supply, from/to electricity companies, etc.

Main content to be monitored
@ Supply-demand conditions in each supply area and the main generator output condition

@ Cross-regional network conditions including the usage status of interconnection lines between supply areas




Ongoing Projects (Supply-side) : METL... .

Fukushima Renewable H, Project
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7 International H, Supply Chain

Japan-Brunai Pilot Project Japan-Australia Pilot Project
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What is ENE-FARM?

® ENE-FARM is a residential micro-CHP (Combined Heat and
Power) system that provides home with electricity, hot water
and heat with high energy efficiency.

® ENE-FARM enables power generation at home and covers
50-60% of power demand of a typical household.

ENE-FARM

*2013 model

Water FeneFrrM 3
Configuration of the ENE-FARM System
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Ofge M Executive Director of Consumers and Markets, Mary Starks
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Hydrogenina
low-carbon economy

Committee on Climate Change
November 2018
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Aberdeen Aberdeen C|ty Reg|0n — Hydrogen Strategy & Action Plan

Aberdeen Centre for Research in Energy Economics and
Finance (ACREEF), University of Aberdeen professor atex kemp

Oil & Gas Technology Centre
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Oil & Gas
Technology
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Oslo Ministry for Petroleum and Energy
Water Resources and Energy Directorate whotesale markets section

Eq u | NOor (formerly Statoil)



Norwegian Ministry
of Petroleum and Energy

The role of renewable energy in Norway

Mr. @ivind Johansen, Assistant Director General

Meeting with Jonathan Young, MP from New Zealand. 23 April 2019




A large share of energy use in Norway is renewable

- Distribution Electricity makes up
a larger share of
energy use than in
most countries.

98 % of electricity
production is from
renewable sources

Large hydropower-
based industrial
sector.

Renewable
electricity used for
heating and in parts
of the transport
sector.

Still heavy fossil
energy use in some
sectors, especially
transport.

High renewable share = much lower greenhouse gas emissions from energy use than in many countries.

, _ Effective policy instruments are driving a continued transition to more renewable energy use.
w Olje- og energidepartementet




Norway’s power balance in 2018

 Production 145,7 TWh

« Consumption 135,4 TWh
 Net surplus 10,3 TWh (~ 7 % of production)

* The electricity sector is almost
100 % hydropower based

'ﬂ Olje- og energidepartementet 6



Wind power

In operation (end of 2018)
« Capacity: 1695 MW
* Production: 3 870 GWh
* Turbines: 610
 Load factor: 2 856 hrs

Under development (Q3/18):
16 farms totalling
2436 MW, 8 284 GWh

License granted,

not developed yet:
37 farms totalling
2735 MW, 9 814 GWh

1? Olje- og energidepartementet

Sourcé: NVE

Wind map
of Norway
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Wind farm at Smwola. Photo: Statkraft

Photo: Equinor
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Cost reductions leading to exponential growth equinor

Global levelised cost of electricity from utility-scale generation technologies

USD/MWh
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Fossil fuel range m2010 m®2017 ®=>2020 Auctions

Source RENA Lozord
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The Turbine: Size matters - however? equinor -
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Transport

Power

Industry

Heat

Decarbonising Energy, Industry and Transport Systems ~ equinor %~

+«—— complexity to decarbonise —» Hard

£ _Battery (mostly) —_— Liquid Hydrogen
plus Hydrogen Q and Fuel-Cells for
for Heavy Duty - I' s long haul Big Ships
e 1 Hydrogen fired CCGTs
Large Battery Clean Back-Up Power
Systems Battery for Small
' ‘ . for Large Scale
for Daily Swing J Scale Intermittency interidiency
(night-to-day)
I"'
* Heavy Industry
", Light Industry powered by :,:,(;,Ssg
powered by Hydrogen from without other
Renewable Natural Gas + CCS Alternatives
Heat Pumps s Hydrogen for -
For Efficient Use of Efficient Transfer of b &Ydmgsecnalf:r ve:
tO EDd-USel'S e "~ " g
Veue R cw b -t Stm Natural Gas Ref
to Hydrogen wil

Multiple technologies to address the challenge



Hywind Floating wind farm (Scotland)

https://youtu.be/PUlfvXalSvc



https://youtu.be/PUlfvXaISvc

