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IMG Stiftung Phase 2: The Our Energy Challenge
An exemplary case for Citizen Design Science applied to 

Community-Scale Solar PV at the Einsiedeln – Willerzell Viadukt



Previous project in Einsiedeln
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Impact analysis of 
bridge removal



Previous project in Einsiedeln
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Citizen Design Science app

Engagement platform
Traffic simulator
CO2 estimator



Current project in Einsiedeln: Our Energy
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Planned and executed timeline
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Sep-Oct Nov-Dec Jan-Feb Mar-Apr May-Jun Jul-Aug Sep

Project status update 
presentation

First version of 
App tested and 

completed 

Beta version of app

Pilot Study for Master’s thesis 

Full implementation in Einsiedeln

Update beta version

Launch project + establish conceptual design  

Review findings and prepare final reports

Survey development

Campaign in 
Einsiedeln

Project 
completion



Motivation
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Citizens of Willerzell and  
Einsiedeln want to keep the 
Viadukt

What future developments can be 
incorporated into the community around 
the bridge? Solar Photovoltaics (PV)?

Help contribute to the 2000 
Watt-society and Energy 
Strategy 2050 goals.

Focus on solutions that address both 
increasing renewable energy supply and 
energy conservation through self 
consumption or “Eigenverbrauch”

PV is the most promising 
renewable energy source in CH
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Total population: 15,550

Number households: 6,565

Average residence: 114 m2

Average number of people per 
household: 2.3

IMG Stiftung Phase 2
The Our Energy Challenge

Swiss Cantonal Statistics: Schweizerischer Städteverband (2017)

Einsiedeln demographics



Einsiedeln demographics
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Objectives

Method

Primary project outcomes:
 Pilot study and evaluation (Master thesis)
 Final version of ‘Our Energy’ 
 Our Energy campaign in Einsiedeln
 Full Implementation results 

Conclusions and Future work

Additional outcomes: 
 CISBAT paper + poster
 Energy Informatics - App Demo
 Book (Torsten)
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Evaluate if the community context 

positively influences the desired behavior of 

load-shifting to maximize self-consumption 

of a shared solar PV system. 

20.09.2019 IMG Stiftung Phase 2
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1. Develop an energy information platform with 
both individual and aggregate energy 
performance data for a community PV system 
located in Einsiedeln, Switzerland.

2. Test if households achieve higher levels of self-
consumption when they are connected to a 
community scale PV system compared to an 
individual rooftop PV system. (Pilot study)

3. Test if participants load-shift at the household 
level to increase their self-consumption 
compared to an established baseline. (Full 
implementation)

4. Evaluate if other criteria may also influence the 
levels of participation such as "energy literacy", 
sense of community, environmental awareness 
or interest to invest in renewable energy 
technology
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5-step community-based social marketing approach 

2. Identify Benefit 
and barriers

3. Develop 
Strategies

4. Pilot and 
evaluation

5. Full implementationEnhanced 
app

Load-shifting for PV 
self-consumption

1. Selecting 
Behaviour 

Method
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5 step community-based social marketing 

2. Identify Benefit 
and barriers

3. Develop 
Strategies

4. Pilot and 
evaluation

5. Full 
implementation

Enhanced 
app

1. Select 
Behaviour

• Focus on load-shifting for 
self-consumption of solar 
electricity production 

• Categorize appliances to 
facilitate load-shifting

• Most people do not have 
access to solar PV at 
home

• Most people do not 
receive regular energy 
consumption information

• Simulate ‘what it would 
be like to have electricity 
from solar PV’

• Appealing app to show 
how to load-shift using 
an ‘energy diary’

• Community activities 
require direct contact 
with the people 

• Test usability of the 
strategy (APP) with team 
members 

• First pilot study with ETH 
students

• Focus group with 
representatives from 
Einsiedeln 

• Outcomes from the pilot 
study to improve the full 
implementation 

• Marketing campaign in 
Einsiedeln on 22-23 June

• Full study 23 June- 7 July

Method



Primary project outcomes 
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4. Full Implementation

3. ‘Our Energy’ campaign

2. Final version of ‘Our Energy’

1. Pilot study and evaluation
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4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation

a. Experimental Set-up

b. Summary of findings

c. Design improvements



Experimental set-up
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Two-week study: 11-25 March 2019

4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation

Time-of-use value of 
electricity from solar PV

Individual PV system 
(control group)

Community-scale PV 
system 

Individual 
performance

Community 
performance

17 participants15 participants

32 participants

27 student participants
5 focus group participants from Einsiedeln



Summary of findings
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4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation



Summary of findings
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4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation

Access to PV

3%
Have access 

To PV

Access to 
electricity data

82%
Bills every 2-6 

months

Energy literacy

72%
Average quiz 

score

Environmental awareness

61%
No resources

wasting

35%
conserve
electricity

28%
Direct access 

to PV

Shared facilities

82%
Have shared

facilities

Likelihood to invest in PV

71%
In community

systems

45%
In individual

systems

Pre-participation survey results: Post-participation survey results:

Reported learning effects

65%

70%

53%

Household electricity consumption

Time-of-use of electricity

Load-shifiting
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Visual representation and 
ease of use of the app

Knowledge about 
personal use of electricity

Raised awareness and 
experience with the time-

of-use of electricity

Sense of other people 
participation with the 

ranking function

What worked: What did not work:

Not enough knowledge 
on how to shift 

appliances

Initial point scheme was 
too simplistic

Version without the 
ranking was not as 

interesting

List of appliances not 
representative and no 
possibility of adding 

multiple entries

Summary of findings

4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation
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Design improvements

4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation

Household panel

Main 
screens

Electricity 
production panel

Grid panel

Info panel Ranking panel

Activities p
op-up

Activities panel Points pop-up Points panel

Appliances diary

Electricity production panel Household panel Electricity production panel

Statistics chart Consumption 
information

Weekly 
visualization

Ranking panel



Design improvements
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4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation
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Available on Apple store and Google Play

Current features:
• Solar information available only for Einsiedeln
• Appliances are based on typical Swiss and European power ratings 
• Lighting, heating and cooling calculations are for a typical Swiss 

residence (size, number of people, typology) 

4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation
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Two-day Campaign 22-23 June 2019

4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation
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Our Energy in the news

4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation
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a. Updated experimental Set-up

b. Participation summary

c. Summary of findings

d. Novelty 

4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation
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Updated Experimental set-up

Week 2 objective: to increase self-consumption 
(compared to week 1 baseline) 

Week 1 objective: Baseline actual energy 
consumption

Two-week study: 23 June- 7 July 2019

4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation
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Participation summary

• 61 pre-survey’s 
• 24 post-participation survey’s 

completed

• 87 App downloads
• 51 App users (with appliance 

data input for 1 or more days)

4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation



2920.09.2019 IMG Stiftung Phase 2
The Our Energy Challenge

Summary of findings

4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation

Week 1: Baseline period Week 2: Objective to increase Self-consumption 
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Example of an individual participant

Summary of findings

4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation
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Summary of findings

4. Full Implementation3. Our Energy campaign2. Final version of ‘Our Energy’1. Pilot Study and evaluation

Access to PV

13%
Have access 

To PV

Pre-participation survey results: Post-participation survey results:

Access to 
electricity data

89%
Bills every 2-6 

months

Energy literacy

79%
Average quiz 

score

64%
Have shared

facilities

Shared facilities

Likelihood to invest in PV

16%
In community

systems

23%
In individual

systems

Reported learning effects

51%

73%

44%

Household electricity consumption

Time-of-use of electricity

Load-shifiting

Environmental awareness

49%
No resources

wasting

28%
conserve
electricity

18%
Direct access 

to PV



Novelty: Testability of solar PV systems was not previously available
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I am considering installing Solar PV at home: 5 (23.8%)

I am curious to test the daily experience of having a Solar PV system: 10 (47.6%)

I want to compare my actual PV system and energy consumption to the app: 2 (9.5%) 

I know other's who also participated: 8 (38.1%)

I wanted to support a research project at ETH: 15 (71.4%)

I have a chance to win a prize: 5 (23.8%)

I didn't use the App, I just downloaded it to check it out: 1 (4.8%)

Other: 3 (14.3%)

4. Full Implementation3. ‘Our Energy’ campaign2. Final version of ‘Our Energy’1. Pilot study and evaluation

Reasons for participating in the two-week study



For research?

• Adapt the app for case study areas that already have 
Solar PV systems 

• Study the effects of community for behaviour of users 
who already have solar PV

• Simulate how users can share/sell the excess electricity 
from their system to neighbors in their community

• Study the preferences of different user categories

• Include energy storage scenarios

For market?

• Automatic input of data / connection with real electricity 
consumption 

• Possibility to remotely control appliances using the app 

• Provide PV sizing options for the users to choose & test 
anytime

• Include weather forecasting to inform users when and 
what to shift 

• Share control of a household between the same 
household users

30.04.2019 33

Conclusions and future work

IMG Stiftung Phase 2
The Our Energy Challenge



Additional outcomes 
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1. CISBAT paper + poster

2. Energy Informatics - App demo

3. Book (Torsten)



Additional outcomes 
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1. CISBAT paper + poster 2. Energy Informatics - App demo 3. Book (Torsten)

• Published paper in Energy Procedia 
conference proceedings

• Theme: Human and building interaction



Additional outcomes 
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1. CISBAT paper + poster 2. Energy Informatics - App demo 3. Book (Torsten)

• Demo presentation of the App

• Information and communication 
technologies in the energy domain the 
German-Austrian-Swiss region and its 
neighboring countries (DACH+)



Thank you for your 
attention!
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Pilot study and evaluation
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Calculations framework

Weather 
measurements

Solar Radiation

Temperature

Sunshine hours

Get factor matrix

Apply factor

Expected
Solar Radiation

Electricity
equations

Display PV 
Production

Display weather 
conditions

Simulation with 
clear sky modelComplex 

geometry
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Pilot study and evaluation
Community x individual versions (PILOT)
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Users were more interested in not wasting resources

There is a slightly more interest in sharing a PV system 
in a community

40

Pilot study and evaluation
Survey learnings
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Pilot study and evaluation
Accuracy of clear sky weather file
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Standard deviation of the error in W/m2

Normal distribution of errors

Historical,  µ=-0.72, σ=3.59

Ineichen 1, µ=-7.74, σ=25.86

Ineichen 2, µ=-8.05, σ=12.45

Ineichen 3, µ=-0.83, σ=22.90

Ineichen 4, µ=-1.10, σ=5.24

Weather file Mean Absolute Error

Historical 0.6 %

Ineichen 1 11.9%

Ineichen 2 6.7%

Ineichen 3 7.6%

Ineichen 4 3.4%

The accuracy of output simulation values 
when compared with input values.
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Pilot study and evaluation
Cloud scheme
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Pilot study and evaluation
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Enhance list of available appliances

Add multiple entries feature for appliances

Extra graphs

Something fun

Summary of set appliances

References

IMG Stiftung Phase 2
The Our Energy Challenge



Full Implementation 
Hourly overview for two-week study

30.04.2019 IMG Stiftung Phase 2
The Our Energy Challenge 44



Full Implementation
Daily notifications
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Participation summary
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