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PRO-SUM-AGE und prosumagers
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Open questions and some answers

We aim to contribute
* Qualitative discussion of prosumage from an economic perspective
* Description of German situation

* Quantitative illustration of selected system effects
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Pros and cons...

... depend on the perspective

* Prosumagers and consumers
* Incumbent industry, new industry, service providers

* Electricity system perspective, system operators

Arguments in favor of prosumage Arguments against prosumage
e  Consumer preferences e  Efficiency losses
e Participation and acceptance of energy transformation e  Distributional impacts
e Lower and less volatile electricity costs e  Rebound effects
e Activation of private capital e  Policy coordination and path dependency
e  Flexibility, sector coupling, and energy efficiency e Concerns about data protection and remote
e Distribution grid relief control
e  Transmission grid relief
e Increased competition
e Local benefits
e Political economy and new institutional arguments
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2, Pros

Arguments in favor of prosumage Arguments against prosumage
e  Consumer preferences e Efficiency losses
e Participation and acceptance of energy transformation e  Distributional impacts
e Lower and less volatile electricity costs e Rebound effects
e  Activation of private capital e Policy coordination and path dependency
e  Flexibility, sector coupling, and energy efficiency e Concerns about data protection and remote
e Distribution grid relief control
e  Transmission grid relief
e Increased competition
e Local benefits
e  Political economy and new institutional arguments

Consumer preferences
* Preferences for local renewable energy solutions or autarky (IEA 2014)
* Some empirical support for Germany (Gahrs et al 2015, Oberst, Madlener 2015)

* Majority or niche?
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2, Pros

Arguments in favor of prosumage Arguments against prosumage
e  Consumer preferences e Efficiency losses
e  Participation and acceptance of energy transformation ¢  Distributional impacts
e Lower and less volatile electricity costs e Rebound effects
e  Activation of private capital e Policy coordination and path dependency
e  Flexibility, sector coupling, and energy efficiency e Concerns about data protection and remote
e Distribution grid relief control
e  Transmission grid relief
e Increased competition
e Local benefits
e  Political economy and new institutional arguments

Participation and acceptance of energy transformation
* Preference to actively participate (Gahrs et al 2015)
* Mitigate conflicts of “central” infrastructure (SPE 2015, 2016, Krekel, Zerrahn 2017)

* Realization of PV potential (?)
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2, Pros

Arguments in favor of prosumage Arguments against prosumage

e  Consumer preferences e  Efficiency losses

e Participation and acceptance of energy transformation e  Distributional impacts

e Lower and less volatile electricity costs e  Rebound effects

e Activation of private capital e  Policy coordination and path dependency

e  Flexibility, sector coupling, and energy efficiency e Concerns about data protection and remote

e Distribution grid relief control

e  Transmission grid relief

e Increased competition

e Local benefits

e  Political economy and new institutional arguments
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2, Cons

Arguments in favor of prosumage Arguments against prosumage
e  Consumer preferences e  Efficiency losses
e Participation and acceptance of energy transformation e  Distributional impacts
e Lower and less volatile electricity costs e Rebound effects
e  Activation of private capital e Policy coordination and path dependency
e  Flexibility, sector coupling, and energy efficiency e Concerns about data protection and remote
e Distribution grid relief control
e  Transmission grid relief
e Increased competition
e Local benefits
e  Political economy and new institutional arguments

Efficiency losses (compared to a centrally optimized power system)
e Suboptimal investments
* Less spatial balancing, redundant infrastructure
* Sub-optimal siting and dimensioning of PV and storage systems (Borenstein 2015)

* Suboptimal dispatch
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2, Cons

Arguments in favor of prosumage Arguments against prosumage
e  Consumer preferences e Efficiency losses
e Participation and acceptance of energy transformation e Distributional impacts
e Lower and less volatile electricity costs e Rebound effects
e  Activation of private capital e Policy coordination and path dependency
e  Flexibility, sector coupling, and energy efficiency e Concerns about data protection and remote
e Distribution grid relief control
e  Transmission grid relief
e Increased competition
e Local benefits
e  Political economy and new institutional arguments

Distributional impacts
* Who can do prosumage?
* Regressive effect of volumetric grid charges and surcharges (Borenstein 2015)
« “Utility death spiral” (Mayr et al 2015, Parag and Sovacool 2016)
* Relevance? (Prognos 2016, Agora 2017)
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Prosumage in Germany

Indirect prosumage support in Germany
* Volumetric grid charges and EEG surcharge
* 40% surcharge on self generated electricity in EEG 2017 for PV > 10 kW
* Strong decline of FIT compared to household tariff (“Socket parity“)
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Prosumage in Germany

Direct prosumage support in Germany
e “KfW program 275“
* 2013-2015: 25 million Euro
e 2016-2018: 10 million Euro per year
* Subsidized loan
* Support incentivizes system-friendly design
* Maximum grid feed-in of the PV system at 50% of installed capacity

* Communication interface requirements
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Prosumage in Germany

Deployment in Germany
e 2015: Every second small-scale PV system installed with battery

* Jan 2016: ~34,000 prosumage systems, cumulative capacity 200 MWh (RWTH 2016)

— Large additional potential when large PV capacities drop out of support scheme
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http://open-power-system-data.org/

DIETER: model-based illustration of system effects

DIETER

* Open-source electricity system
model

* Cost minimization over dispatch
and investment

* Hourly resolution, full year

* Loosely calibrated to German
data

DIETER’s website

 www.diw.de/dieter

* Code under MIT license
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A Dispatch and Investment Evaluation Tool with
Endogenous Renewables "DIETER"

The Dispatch and ion Tool with (DIETER)
has been developed in the research project = StoRES to study the role of power
storage and other flexibility options in a greenfield setting with high shares of

. The model i cost-minimizi inati of power generation,
demand-side management, and storage capacities and their respective dispatch. DIETER
thus captures multiple system values of power storage related to arbitrage, firm
capacity, and reserves.

DIETER is an open source model which may be freely used and modified by anyone. The
code is licensed under the MIT License. Input data is licensed under the Creative
Commons ibution-Sh like 4.0 { Public License. To view a copy of these
licenses, visit 74 X i IT and

7 http: i i /4.01. you use this model,
please refer to = http:/iwww.diw.de/dieter. We are happy to receive your feedback.

The model is implemented in the General Algebraic Modeling System (GAMS). Running
the model thus requires a GAMS system, an LP solver, and respective licenses. We use
the commercial solver CPLEX, but other LP solvers work, as well.

Below you find an overview of available DIETER versions and respective academic
papers that include descriptions and documentations. The ZIP files include the GAMS
code, an Excel file with all necessary input parameters, and partly also a short

ion of model and changes P to earlier versions.

DIETER Version 1.0.0 (formerly 1.0)
4 DIETER_v1.0.0.zip | ZIP, 8.09 MB

Version 1.0.0 is used and documented in ¥ Zerrahn, A., Schill, W.-P. (2015): A
greenfield model to evaluate long-run power storage requirements for high
shares of renewables. DIW Discussion Paper 1457 | PDF, 0.73 MB .
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http://www.diw.de/dieter

DIETER: augmented prosumage version

Implicit assumption of optimal behavior from system perspective
* No separate objective for households
* Varying minimum self-consumption restiction
* Prosumagers face wholesale prices (Discussion Paper, EEEP article)

* Additional calculations: storage operation purely focused on self-consumption
(DIW Wochenbericht / DIW Economic Bulletin)

Pumped hydro Bioenergy
6.4 GW 8.4 GW PV non-

prosumage
44.9 GW

PV prosumage
5.0 GW

OCGT 20.4 GW

CCGT 20.4 GW

Hard coal
11.0GW

Brownfield data for 2035 (NEP scenario B1)

66% renewables in electricity consumption 426w

Offshore wind

25% of demand attributed to prosumage segment  esew

Lignite 9.1 GW

2.6 million prosumage systems with 5.9 kWp each

Onshore wind
88.8 GW

Endogenous investment only in central and prosumage storage
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DIETER: scenarios

Curtailment

™~

Prosumage
PV generation

Storage in PRO2PRO

Storage out PRO2PRO

Prosumage > Prosumage
storage B demand
Market
(i) Pure prosumage - No interaction of prosumage storage with market
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DIETER: scenarios

Curtailment

Prosumage

PV generation

Storage in PRO2PRO

Storage out PRO2PRO

Prosumage > Prosumage
storage Storage out M2PRO demand
~
s
_ s
Storage in M2PRO
s
s

s

Market
(i) Pure prosumage - No interaction of prosumage storage with market
(ii) Grid consumption smoothing - Only prosumage storage loading from market
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DIETER: scenarios

Curtailment

™~

Prosumage
PV generation

Storage in PRO2M ™ .\, Storage in PRO2PRO

Storage out PRO2PRO
> Prosumage

demand

Prosumage
storage
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Market

(i) Pure prosumage - No interaction of prosumage storage with market
(ii) Grid consumption smoothing - Only prosumage storage loading from market

(iii) PV profiling - Only prosumage storage discharging to market
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DIETER: scenarios

Curtailment

™~

Prosumage
PV generation

Storage in PRO2M ™ .\, Storage in PRO2PRO

Storage out PRO2PRO

Prosumage | T > Pr(‘josumaje
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»

Market

(i) Pure prosumage - No interaction of prosumage storage with market
(ii) Grid consumption smoothing - Only prosumage storage loading from market
(iii) PV profiling - Only prosumage storage discharging to market

(iv) Full interaction - No restrictions on interaction of prosumage storage with market
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Storage deployment compared to baseline

4
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o I“ III |||
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: TE ||| 11

40% 45% 55% 60% 63% 70%

Megawatt

Prosumage share

W Case (i) ™ Case (i) m Case (iii) Case (iv)

* Moderate increase of prosumage storage capacities up to 65% self-consumption

* Substantially greater storage capacities in case (iv) with full market interaction
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E/P ratios of prosumage storage

Hours

M

N B | II II

40% 45% 50% 55% 65% 70%
Prosumage share

M Case (i) M Case (ii) Case (iii) Case (iv)

* E/P ratios increase in prosumage requirements
* Lower E/P ratios in Case (iv) driven by higher storage power capacities; energy
virtually constant
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Prosumage and central storage in a sensitivity w/o given storage capacities
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* Substantial substitution only under full market interaction
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Average additional cost per additional MWh self-consumption compared to

baseline

N

180
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40
20

Euro / megawatt-hour

40% 45% 50% 55% 60% 65% 70%

Prosumage share

Case (i) == Case (ii) seesesCase (iiij == ==(Case (iv)

* Lower cost increases in case of additional market interactions

* Absolute cost increase: 103 — 135 million Euro (Case (iv), 55%); 0.1-0.2% of total
system costs
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Dispatch effect (w/o storage investments)

N
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Prosumage share
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Positive value of additional flexibility
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Additional system costs related to overall Additional calculations

electricity demand in DIW Wochenbericht /
Y DIW Economic Bulletin

4
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* Pure self-consumption (sligthly) worse than former Case (i)
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System cost reduction compared to pure Additional calculations

: . . in DIW Wochenbericht /
self-consumption related to overall electricity demand [ —_——g

4

Euro / megawatt-hour

e Additional market interaction
04 == System-oriented self-consumption

-0,5

| | | | | | ]
40% 45% 50% 55% 60% 65% 70%

Self-generation share of
prosumage households

» System cost-decreasing effect of additional market interactions even larger
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5 Conclusions

Still a niche — but potentially rising importance of prosumage in the future

* Large PV capacities in Germany exit support scheme before end of technical
lifetime

Prosumage - range of pros and cons
* Weight of arguments

* Future research to quantify effects

Model illustration shows importance of system-friendly behavior

* Regulation should aim at making the flexibility potential available to the system

* Prosumagers should receive appropriate price signals (directly or indirectly)
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