September 6, 2022

Power System and Market
to realize massive deployment
of Renewable Energy

Hiroshi TAKAHASHI, Ph.D.

Tsuru University
Takahashi-h@tsuru.ac.jp



mailto:Takahashi-h@tsuru.ac.jp

Learning from Denmark

- Most advanced nation in the era of carbon neutrality
- FION—DIEEHhSuEE ?

1) Sophisticated market mechanism of NordPool
- based on fair competition policy

JIWRT =ILDLSIEHEEEARATEEADRE

2) Interconnected power system operation
- interconnectors across seas
- TSOs by ownership-unbundling
ERNZXERCTES ZEFEADENES

3) Clear vision for decarbonization and energy independence
- deploy wind power since 1990s
- Hokkaido can do?
1990 BRiRFRETIRILFT—BIDEHICRIDFEEZEA



VRE and Power System : S XAF LAfRS

= VRE can be integrated in the power system
BIREBENDI AT LAREE0OIHE

1) "Flexibility” is the key : 8> XAF LADFEREDLHE
- adjustable thermal, pumped hydro
- wide-area system operation with sufficient transmission lines
- distributed resources: battery storage, VPP
- demand-side management
- flexibility in future : sector-coupling, power-to-gas

2) Ownership Unbundling is the prerequisite : FABIED BEH BT
- neutral and independent TSO

- merger of TSOs : economy of scale
- OCCTO as an ISO



VRE and Power Market : fiZ#S

= VRE can be integrated in the power market
BIREIOHISGHESEOIEE

1) Carbon Pricing is the basis : H—R>T'SA4 S > OhEE(C
- carbon tax or emissions trading
- incentivize investment to achieve carbon neutrality

2) "Merit-Order” is the principle : XU Y hA—4 —hBARRHE
- fully competitive power market based on marginal cost
- RE should be prioritized over nuclear

3) From FiT to FiP and non-subsidy RE : HiZTHIZ I 2BIARN
- RE-generator should be responsible for generation-plan
- introduction of negative price
- market-solution for variability : VPP, power-trading



