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1@ Background

German energy and climate policy targets

e Strongly increasing use of variable renewable energy sources

* Decarbonization of all energy sectors

Power-to-
heat
Sector coupling as a strategy to

e (i) decarbonize other sectors Centralized

Flat, house, block

* (ii) provide flexibility to the power sector

Direct TES-coupled
heating heating

Fans, radiators

Heat pumps

Electric / electrode boilers

Particularly promising: power-to-heat Internal External
storage storage

(STaTtYEiectic Water-based, buffer
thermal storage

Heat pumps
Alr-fground-sourced Electric bollers / hybrid

* Many different technologies

(cf. Bloess et al. 2018 Applied Energy,
https://doi.org/10.1016/j.apenergy.2017.12.073)

* Here, focus on Smart Electric Thermal Storage (SETS)

* Analyses carried out in EU H2020 project RealValue
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Research questions

What if SETS replaced existing night-time storage heaters in Germany?
e Question inspired by German policy / regulatory debate
e 2010: 75 mio m? heated by storage heaters, 13.9 TWh
e 2030 projection: 60 mio m?, 10.6 TWh

* Not in focus: role for SETS beyond this replacement market

We investigate electricity sector effects
* Costs
* Effects on optimal generation capacity, dispatch, CO, emissions

* Wholesale prices
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2, B Model and input data

Model
e Open-source dispatch and investment model DIETER (LP, GAMS): www.diw.de/dieter

e Cost minimization over all hours of a year for the German electricity sector

* New features: domestic heat and hot water

Analysis for future scenarios of the year 2030
* Input data mainly leaning on EU Reference Scenario 2016
* Upper and lower capacity bounds

e CO, price assumption: 33.3 €/t
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Scenarios and sensitivities

Baseline: night-time electric thermal storage heaters (“NETS*)

Central scenario: ,,SETS upgrade” in which NETS are fully replaced by SETS

Further scenarios (each with respective baseline)

* DSM breakthrough: demand-side management available (load shifting, load shedding)
* Heat pump breakthrough: 10% heat pumps in all building types

 High CO, price: CO, price of 71 Euro/ton according to TYNDP 2016

* 65% renewables

* Coal phase-out: no lignite, hard coal capacities at most 16.5 GW, 65% renewables
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Results: electricity sector costs and total system costs

SETS Heat pump High Coal
upgrade DSM breakthrough  breakthrough CO2 price 65% renewables phase-out
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- Flexibility of SETS less valuable of other sources of flexibility are available,
but more valuable for higher shares of variable renewables
- Overall, not much money on the table...
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Results: Differences in annual electricity generation cp. to NETS baselines

SETS DSM Heat pump High
upgrade breakthrough breakthrough CO2 price
M Coal M Natural gas Renewables

65%
renewables

O Electrical storage

Coal
phase-out

—> SETS are agnostic: they substitute electrical storage and help make better use of cheap generation

—> Depending on CO, price, this may be coal or additional renewables
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Results: separation of system values

3485
89.8 Mio €
3483 -

Billion euros

34.81 -

3479 r 37.8 Mio € 0.4 Mio €

34,77 12.2 Mio €

3475 ¢

3473 r

3471

3469 r

3467

34.65
Baseline Upgrade Arbitrage Arbitrage Arbitrage SETS
costs + reserves + reserves upgrade
+ capacity

— Most system cost savings are due to arbitrage = main business model?

— Reserve value negligible, additional system cost savings due to capacity or portfolio value

9 Flexible electricity use for heating in markets with renewable energy NZTITI BERLIN
Schill and Zerrahn, June 24, 2020 -



Discussion: Why are system cost benefits rather moderate?
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—> SETS upgrade scenario: SETS charge more than 75% of annual electricity demand at night

— 65% renewables scenario: SETS charge 60% of annual electricity demand at night
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Discussion: Seasonal hourly electricity prices (SETS upgrade scenario)
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— 80% of heat demand in winter and fall
- Prices in heating season still lowest at night-time

— No substantial price advantage from flexibility
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5 Conclusion

Temporal flexibility is agnostic about electricity it helps to integrate

* Benefits for renewables depend on shape of merit order

Flexibilizing storage heaters only leads to moderate benefits

* Arbitrage value > capacity value >> reserve value

* Respective investment costs would have to be very low

Results driven by temporal mismatch of renewable availability and heat demand

* Prices in heating season still lowest at night-time in medium run

In the longer run, other power-to-heat options more promising

* Only niche role for SETS in the heating sector transformation

* Inthe long run, much larger role for heat pumps + longer-term heat storage
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Thank you for listening
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