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Research Question

How does the temporal granularity of retail electricity prices interact with different distribution tariffs,
considering the interplay between consumers’ decisions and the rest of the electric power system?

Dynamic contract

Time varying price signals (granularity)

Energy system
Values of electricity

Network cost

Congestion
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Contribution

* Consider and evaluate a wide range of temporal granularities for retail electricity
pricing in combination with different network cost.

* Account for the feedback loop in investments, operations and prices between
wholesale and retail levels.

* Find alternatives for Real-Time Pricing (RTP) contract:
* Mitigate practical challenges
* Capture similar economic benefits
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Price type

-~ wholesale

— injection (retail)
— off-take (retail)
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Time [one day] Time [one day] Time [one day] Time [one day]
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Price [€/MWh]
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Price [€/MWh]
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* Fixed (€/Year)

Network cost * Volumetric (€/kWh)

* Capacity-based (€/kW)




Investment & operational decisions
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Methodology

Conventional generator
(Base, Mid, Peak)

Renewable generator
(Wind farm)

Grid scale battery

g 1l

A common price (RTP) — Optimization problem with one objective:

1Iexander7

Market clearing constraint

ZSupply = z Demand VteT (A)

i

Residential consumers with options of investing in solar PV and
residential BESS

Minimize total system cost

Non-residential
load
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Methodology

Grid scale battery

|
: Renewable generator
_ (Wind farm)
Conventional generator
(Base, Mid, Peak)
| w
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/{t\ Coupling constraint

ZSupply = z Demand VteT
Wholesale market

A¢
/‘%harge/Discharge

load
<—
_

Non-residential
load

At

Retail market
Residential consumers with options of investing in solar PV and
residential BESS

Retail price — weighted average of wholesale price
No common price signal for all agents!
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Methodology

Initialize price signals (wholesale prices, retail prices)
While not convergence:

1.

end

Send wholesale price signals to agents in transmission level and solve problems of each
transmission level technology.

Send retail prices and network charges (parameter) to residential consumers and solve problems of
ten representative residential consumers.

Calculate primal and dual residuals using obtained solutions and check convergence criteria with
the calculated residuals.

Update wholesale prices: 1 = A — p - 1y, Where 13, = Y. Supply — Y. Demand.

Update retail offtake and injection prices.

Until Nash equilibrium: No agents can be better off by changing its decisions.
Coupling constraints are satisfied while optimizing each agent’s problem.
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Generation capacity investment for all technologies

Under different granularity of retail prices and network cost schemes, residential consumers will act differently
in investing DERs and then impact investment in wholesale level as well.

FIX VOL CAP
50+ Technology
O BESS grid-scale

40 - 0 BESS residential
§ O Conventional
> | d
o . .
%20 More residential BESS
)

10

investment to reduce peak
load

More solar PV investment to
reduce offtake from grid
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Lower temporal granularity incentivize PV installations to be
widely distributed
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Note: With decreasing temporal granularity, injection price decreases and
offtake price increases.
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Investment cost [€/kW]

60

- 50

40

Investors with lower cost tends to
invest more in PV

Larger installations decrease in size
when injection price decreases

Higher offtake prices incentivize

smaller installations to expand in
size
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Conclusion

* Decreasing temporal granularity for retail electricity prices
* Increase inefficient generation mix
* Sub-optimal operations of residential storage
— Increase total system cost
* Gains from dynamic pricing are not so significant considering interactions between wholesale
and retail levels
— Granularity of H3 (or H6 in some cases) can be a valuable alternative to RTP (H1)

* Decreasing temporal granularity will increase offtake price and decrease injection price
* Magnitude is influenced by network charge types due to DERs investments they trigger
— Volumetric and Capacity-based tariffs erode electricity price signals and cause inefficiency.
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