Quartierstrom

Implementing and Testing a Local
Electricity Market in the Real World
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The project is supported by the SFOE within the framework of its
pilot, demonstration and flagships program.
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We evaluate different dimensions that determine the feasibility and
efficiency of peer-to-peer electricity trading.

ETH/HSG main research focus
 Technical feasibility

 Market design and mechanisms
 Userinteraction and engagement

Project partners lead work on
* Business models

» Regulatory aspects

* Privacy aspects
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Decentralized energy markets

Trading between prosumer and consumer

Quartierstrom



Traditionally, utility companies deliver electricity to their customers
(one-way).
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Today, customers with PV panels can sell excess production to the utility
company at a fixed feed-in tariff.
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The consumer - prosumer - transition as of today

Photovoltaics
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Battery storage

Prosumers reduce dependence on fossil and nuclear
fuels and the utility/grid operator. But 100% self-
sufficiency is economically unrealistic

Falling feed-in-tariffs make prosumer investments less
attractive

Consumers who cannot transform to prosumers do not
profit from the decentralization of the energy system

Prosumers and consumers as price takers



Quartierstrom: Prosumers market excess solar energy directly
within a peer-to-peer community.

Prosumer

consumer



Self-consumption is prioritized.

Excess production is
offered forsale in
community
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Both consumers and prosumers can set prices, creating a decentral

market place.

Prosumers
place bids for selling solar energy in the
decentralized market

Consumers
place bids for buying local solar energy

Utility company

participates in the local market
supplies residual energy and buys exports

— Incentivizes local balancing
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Pilot region: Walenstadt

Modern infrastructure and high prosumer ratio

Quartierstrom
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The pilot community is located in Walenstadt (SG), Switzerland.
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The pilot community already features an innovative energy
infrastructure.
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The Quartierstrom system

Quartierstrom
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The field phase went live in December 2018

- Start of the field
_experiment
Montly reports, quarterly

| billing & short surveys
Installation of the

“infrastructure &

. Participant e . Integration
recruitment ézlz?vtz);penmental of community
Letter/Informal | | batterv
- meeting |
@ O ‘&\ \&\
Apr sep Dec June
2018 2018 2018 2019

Quartierstrom live

- Participants interact with WebApp,

-~ utility company uses Quartierstrom for
“accounting

. End of the
field

- experiment
Post-

- experimental

SUTvey Project end

@~

Dec Mar
2019 2020
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Key work packages and parties in charge

_ Agent Management system
g . . N
B oA e Userinput -e
fg,\ *  User feedback
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Technical implementation: A few impressions from the rollout
preparations and maintenance...

Testbench (11 RaspberryPi & Hardware Install Tool (SmartPi First installed devices Maintenance (remote CLI for all
Networking) Tester) (September 2018) devices)

Pictures: Arne Meeuw
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Technical implementation: A few impressions from the rollout
preparations and maintenance...

Modem SmartPl Readout-Tool

19



Market design: Different forms of allocation are conceivable — we
opted for an auction mechanism.

Central optimization Auction mechanism Bilateral agreements
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Smart meters communicate the individual households’ price limits,
electricity consumption and production every 15 minutes.

Bid: Trade:
DiA.
Bidde Bid: . Buyer Trade:
Volun Seller
Price | Bidder Volume  Buyer Trade:
Volume id: Price per L Seller
Price limit Volun Buyer
'''''' Price Seller
Volume Volume
Price limit Price per Unit
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Every 15 minutes a double-sided auction takes place automatically
(implemented as smart contract).

BE
=108

B8
=108

Demand

participant_ID timestamp  volume [kWh] price_per_kWh [CHF]
house_2 14:19:21 15 0.21.

house_1 14:17:00 5 0.25

house_3 14:24:03 20 0.19

supply

participant_ID timestamp  volume [kWh] price_per_kWh [CHF]
pv_2 14:19:21 10 0.11

pv_6 14:17:00 15 0.16

pv_1 14:24:03 25 0.13

[ JON } / [ index.html

*

C' @ file:///Users/awoerner/Development/visualisation/web/index.html

Ruartierstrom

Iterative double auction, discriminatory Vickrey pricing
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Electricity is allocated using a double auction mechanism

 Time-discrete double auction with Orderbook during peak production
discriminative pricing

 Auction is cleared every 15 minutes

e L . | , Sell Price
« Smart meters submit bid with load sl ¥ ::‘u: Prics
measured inthe last 15 minutes every = ) atched Price
15 minutes 8 175
* Eonsumers EIEfme W””ngness tU DaV "“ | 2 . V Average Price within Community
for local electricity and prosumers & 125

minimum price they ask for

Energy in kWh
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The resulting prices automatically reflect the availability of solar
energy.

Supply and demand on a sunny... ..VS.0n a cloudy day




Current status and wrap up

Quartierstrom

25



In January-March 2019, 72% of the solar energy was consumed locally
and 26% of the demand was covered locally.

49469 kwh 138474 KWh 2% 26 %
© (0S-Produktion © (S-Verbrauch © (S-Eigenverbrauch © (S-Eigenversorgung
Im gewdhlten Zeitraum Im gewahlten Zeitraum Im gewdhlten Zeitraum im gewahlten Zeitraum
EEEEE o To =
NG Lo IMIININE
RN A
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The peer-to-peer market increased both local production (self-
sufficiency) and local consumption (self-consumption) considerably.

Quartierstrom data, 01.03.-31.03.2019:

AL
5 4
Without Quartierstrom system: i With Quartierstrom system:
. Self-sufficiency: . Self-sufficiency:
(\ 19.0% 34.1%
* Self-consumption: - Self-consumption:
64.6%

M 36.0%
2 oy
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Login data: The participants log in more often than anticipated.

From | Dec 18, 2018 To | Apr2, 2019 —

Zoom W 10T 1M v all
40
=
c
30 S
g
é
. . 20 m
Number of daily logins E
Number of daily user A 10
~ .
\ s A ‘_ \ \
24. Dec 31. Dec 7.Jan 14. Jan 21. Jan 28. Jan 4, Feb 11. Feb 18. Feb 25. Feb 4, Mar 11. Mar 18. Mar 25. Mar 1. Apr
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Key success factors: The lab’s vast experience with interdisciplinary
field experiments and an innovative utility company.

 Research with human subjects - approved by ETH ethics committee

 Extensive prior work on user engagement and feedback interventions

 Walenstadt residents trust the local utility company

 Recruitment: SFOE required a minimum of 20 participating households - 41 households contacted - 37 participate
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Wrap up

Field experiment in pilot region Walenstadt with 37 participating households ongoing
Blockchain-based peer-to-peer exchange, time-discrete double auction
Self-sufficiency and self-consumption increased considerably (almost doubled)

Participants actively use the system, adjust their price bids and frequently check load curves (volunteer selection bias..?)

30



Thank you for your attention.

Dr. Verena Tiefenbeck
Bits to Energy Lab

ETH Zurich
vtiefenbeck@ethz.ch

Please Vvisit our websites



http://www.quartier-strom.ch/
http://www.bitstoenergy.com/
mailto:vtiefenbeck@ethz.ch

Backup slides




Netzkostenaggregierung «Top-down»

Netzebenen Netzkosten
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Community-Tarif «Bottom-up»

Netzebenen

1 Ubertragungsnetz {%} @

2 Transformierung

4 Transformierung

3 (Uberregionales Verteilnetz \

5 Regionales Verteilnetz \

6 Transformierung \
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Netzkosten Quartiernetz
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The Quartierstrom WebApp informs users about their energy data

/ﬂ‘ hre personlichen Daten @ Daten der Gemeinschaft

Stromdaten
Ein detaillierter Einblick in die Strombilanz der Gemeinschaft

766 kWh 1353 kWh 70 % 40 %
© QS-Produktion © QS-verbrauch © 0S-Eigenverbrauch © Qs-Eigenversorgung
etzten 24 S innerhalb der letzten 24 Stunden innerhalb der letzten 24 Stunden innerhalb der letzten 24 Stunden
Zoom IT 3T 1w 10T 1M Gesamt From Mar 3, 2019 To Mar4, 2019 =

Image: Liliane Ableitner, Bits to Energy Lab, 2019
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Tendermint blockchain infrastructure running on SmartPi 2.0
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Image: Arne Meeuw, Bosch |oT Lab, Team Meeting 01/2019
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Prosumer /
Validator

_ . Consumer/

Client

Utility /
Validator

Smart Meter

Agent

Full/

Light Node

Role of Prosumer
 Active inclusion of the producing parties
o Utility company is equal to prosumers

Efficient Decentralisation

 From ,Proof of Work" to ,Proof of Stake*
 Avoid expensive calculations

» Delegate to trust to initial investors

Financial Settlement

 Possibility to connection to public
blockchain (Cosmos network)
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Users can set their price limits

Sie verkaufen lokalen Strom fir mindestens

400 Rp./kWh

Dabei verdienen Sie genauso viel wie bei

Netzeinspeisung. Dies bedeutet, dass Sie weder

Gewinne machen noch Ihre Nachbam
subventionieren

0b Sie mit Ihrem eigenen Strom Gewinn
machen, ist Ihnen nicht wichtig Solange Sie
genauso viel bekommen wie bei
Netzeinspeisung bieten Sie Ihren Strom geme
lokalan.
Die wanrscheinlichkeit, Strom lokal zu
verkaufen, ist sehr hoch.

Verkauf

Quartierstronf Netzkosten @

Einkauf

Sie kaufen lokalen Strom fOr maximal

N

,ld(abf Strom ja gemne, aber bitte nicht teurer
als beim Energieversorger.
Die wanhrscheinlichkeit, lokalen Strom zu
bekommen, ist hoch - dies kommt alierdings
N auf die Gebote Ihrer Mitstreiter an.

— limits

Existing tariffs of
the utility provider

Image: Liliane Ableitner, Bits to Energy Lab, 2019

User sets price
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