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Motivation
Using demand response to level out fluctuations from renewable generation
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Generation and load pattern for Germany in 2050 with inflexible demand

− Strong fluctuations of residual load

− situations with positive and negative residual loads
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− Technical potential estimates [2-38]

− Overall economical potential 
estimates [8-9]; [18-19]; [21]; [28]

− Assessment of individual processes / 

appliances [39-48]

− Analyses of power tariffs design [49-74]

Lack of joint assessment

of both perspectives

How to bridge between them?

Overall system perspective

Micro-economic perspective

Research gap



Method & Research Questions
Fundamental model for potential assessment & agent-based model for profitability analysis
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How high are the economic potentials

for demand response in the power sector?

Are investments in demand response
economically viable

for given power tariffs designs?

Overall power system Microeconomic assessment

power sector development pathways from

2020 to 2045 for different scenarios
studied for different power tariff designs

Meta-analysis on technical demand response (DR) potentials [75]

discrepancies

Parameterization

POMMES

How to design power tariffs in such a way that economic potentials are

micro-economically viable, but neither over- nor underincentivized („congruence“)?

Contrasting & bridging perspectives

1 2
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Scenario design
Considering one scenario without and three scenarios with demand response

Johannes Kochems | DLR - Institute of Networked Energy Systems | ABM4Energy, Freiburg | 22.03.2024

no DR

(DR none)

DR

pessimistic

(DR 5)

DR

neutral

(DR 50)

DR

optimistic

(DR 95)

Demand response (DR) 

prevalent?

Costs of DR

Technical potential of DR

Costs of other flexibility options

DR: Demand Response
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Assessing microeconomic profitability
Utilizing the agent-based power market model AMIRIS
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Power tariff design

▪ starting point: current payment obligation 

for a given load shifting focus cluster 

▪ variation of

− share of the dynamic energy tariff

− split between energy and capacity tariff

https://gitlab.com/dlr-ve/esy/amiris/amiris6

Capacity mix from

POMMES

https://gitlab.com/dlr-ve/esy/amiris/amiris
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Power tariff design

Assessment of profitability

using net present values (NPV)

▪ starting point: current payment obligation 

for a given load shifting focus cluster 

▪ variation of

− share of the dynamic energy tariff

− split between energy and capacity tariff

Overall goal: NPV ≈ 0

Interpretation:

system optimal investment choices

are economically viable

▪ Load shifting implementation also based on Gils (2015) [8]

▪ Goal: Minimize power payment obligations of focus cluster

▪ Quadratic optimization approach for scheduling

https://gitlab.com/dlr-ve/esy/amiris/amiris7

Capacity mix from

POMMES

https://gitlab.com/dlr-ve/esy/amiris/amiris


Results: Overall economic potentials
Investments in backup capacity: demand response compete with batteries & H2
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Key findings

− 38 to 65 GW of hydrogen-based backup

generation capacity until 2045

− Effects of demand-side flexibility on H2

→ Capacity decreased up to 16 GW

→ Generation decreased up to 32 TWh

− Substitutional competition with

batteries (E2P Ratio 2)

→ DR 5: 85 GW batteries

→ DR95: ≈0

Total demand response investments ≈0

Total demand response investments: 20.6 GW
(thereof 9.0 GW industry and 5.5 GW for heat pumps

& climate cooling at households and tcs*)

Total demand response investments: 48.0 GW
(thereof 15.4 GW industry and 8.2 GW for heat pumps

& climate cooling at households and tcs*)
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Notes

− Brownfield Approach

− Backup only; RES expansion exogenous

*tcs: trade, commerce and services (commercial sector)



Results: Micro-economic assessments
NPVs for investments into demand response
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Cluster: Households, shifting only

− Large impact of scenario on micro-economic attractiveness

− Large impact of capacity payment for scenario DR 50

− Dynamic tariff incentive is especially visible for cases with smaller capacity tariff shares → Trade-off!

Note the differently scaled axes!

DR 50 DR 95



Results: Congruence indicated by specific NPVs (€/MW)
Large differences in levels; different tariffs dependent on cluster and scenario
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marked:

pos. NPVs with

smallest distance to 0

− Congruence strongly depends on cluster & scenario

− Robust: Capacity tariff shares ≤8% (one exemption)

− Dynamic shares vary a lot



Conclusions
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Summary Implications & Outlook

▪ Incentive effects

− For households, dynamic tariff is major driver

− For industry and tcs capacity tariff dominates

− Trade-off capacity vs. energy clearly visible

▪ Coordination among actors

− Number of actors involved → potential conflicts

− Options: Dynamic tariffs with time-varying or dynamic

network charges; or simple curtailments if needed

2

▪ Overall economic potentials

− 20.6 GW for the average scenario

− Up to 48 GW for the optimistic scenario

▪ Substitutional competition with batteries and H2

1

2

▪ Regulatory feasibility of dynamization

− Dynamic share up to 20% possible 

− Up to ≈65% in principle with regulatory changes

− Problems: Network charges vs. market requirement

▪ No plea for high(er) capacity tariffs

1

▪ Power tariff design

− No „One Size Fits It All“ solution

− Clear differences in level among clusters & scenarios

− None or small capacity tariffs ≤8% prove robust

3
▪ Further research needs

− Competition among & revenue cannibalization

of flexibility options in the power sector

− Studying risk aversion and imperfect foresight

3
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− Profitability decreases for increasing capacity tariff shares

− Explanation: For selected cluster, there is an unavailability

for load shifting at peak load times

− Trade-off between dynamic incentive and capacity tariff

incentive again obvious

Cluster: Households, shifting & shedding


