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Abbreviations and Acronyms

Table 1: Abbreviations and Acronyms

Abbreviation
B42 Boligforeningen af 194@Housingassociation)
CEO Chief Egcutive Officer
ColIP City open information platform
DEM & Esbhensen Danish Energy Management & Esbenf@ampanyp/S
DH District Heating
EV Electrical Vehicle
F.U. Functional unit
GA Grant Agreement
ICT Information & Communication Technology
loT Internet of Things
LCA Life Cycle Analysis
LHC Lighthouse city
PLAN PlanEnergi Fond
PSO Public Service Obligation
PV PhotoVoltaic
RES Renewable Energyo8rces
SAB Sonderborg Andelsholigforenirfglousing association)
SCIOSS ICT backend system devpkxd by VG
SEAP Strategic Energy Action Plan
SmartEnCity Towards Smart Zero CO2 Cities across Europe
SEC SmartEnCity
SOBO Sonderborg BoligforeningHousingassociation)
SONF Sonderborg Forsyningsservice AlBunicipal owned utility company)
VG Vikingegyaarden
VMS +A1AY3ISALFNRSYyQa alyl3SYSyd {eaifg
WP Work package
ZERO ProjectZeroA/S(Company)
o SmartEnCity - GA No. 691883 7142
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O Publi sfammear vy

Sonderborg created in 2007 the public private partnership ProjectZero to catalyze and drive
the climate-transitions toward a ZEROcarbon Sonderborg by 2029 based on an integrated
energy system approach with priority given to

#1 energy efficiency by smart use of energy

#2 sector couplings

#3 energy from renewable sources

#4 resource efficiency by Power-to-X production

In 2009, Sonderborg was awarded the EU Commissions fEnergy Awardo and in 2017 the
CommissionsA Ci t i eSpomlitdret O

S o nd e r lambitighdsgo achieve the ZEROcarbon vision by 2029 and show the world, how
a small and medium sized city can combat the climate challenge by co-creating ambitious
goals, collaboration, planning and stakeholder- & citizen engagement.

The SmartEnCity Sonderborg demo action projects have included

1 Demonstration of building retrofitting of 51 buildings with 815 apartments saving 1,428
MWh energy by implementing multiple measures including fagade insulation, low energy
windows, building integrated solar cells, new ventilation systems with heat recovery, new
outdoor LED-light etc. Residents from seven house association departments have been
engaged in the process and continue their climate journey with further climate actions.

1 Demonstration of solar cell battery solutions for another 1,639 house association
apartments with 2,500 residents. The project is demonstrating how residents can harvest
their own renewable solar energy and store it later use in order to maximize their own self
supply. The expected electricity purchase saving amounts to 1,433 MWh.

1 Demonstration of how Sonderborg municipality replaced old diesel busses by 44 modern
municipal biogas-busses, creating not only more carbon friendly and environmental clean
bus-services, but also more reliable and citizen/user friendly public transport.

1 Demonstration of new EV-charging infrastructure enabling a faster penetration of e-cars
based on establishing both smart and conventional EV-chargers at strategic locations
across Sonderborg center city.

1 Demonstration of a new energy-data based City Information Open Platform with more than
700 data collection points across the city is already supporting So n d e r bti@ansiod t
become a smart city by understanding the power of data. Students, businesses and
citizens have been involved in the CIOP since 2019, but the CIOP-journey will continue
and achieve new ambitious goals until the SmartEnCity project terminate in summer 2022.

The EU SmartEnCity demo project has helped Sonderborg, create and demonstrate robust

and integrated climate actionst owar ds a fAsmart and i,rehgagpr at ed
stakeholders and citizens in smart city data actions, achieve its ambitious milestone 2020 with

50% carbon reduction and create the next Roadmap2025 targeting 75% carbon reduction by

2025.

Lo SmartEnCity - GA No. 691883 8/42
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1 Il ntroduction

Since 2016, smart city interventions were implemented in the city of Sonderborg. Majority of
the interventions were part of the initial SmartEnCity Grant agreement. However, some of the
interventions implemented, were added to the project scope due to unexpected challenges in
implementing the demo actions or changes in the partner structure, documented and approved
in the amendments.

In general, majority of demo interventions in Sonderborg are focused on hardware installations
throughout the center city. Therefore, the Demo intervention report will in a wide range relate
to deliverable D5.2 (Sonderborg integrated planning report).

Interventions that were added to the project later, will be shortly described and approaches,
challenges and solutions found during the implementation will of course be part of the report
as well.

1.1 Purpose and target group

The purpose of the Sonderborg Demo intervention summery report is to follow up on the
integrated interventions as an embedded implementation task. The overall goal of
Sonderborg’s energy transition is to implement an integrated energy system, that gradually
integrates the fluctuating renewables in the Sonderborg area through an energy efficient and
smart demand side management using advanced energy appliances and smart ICT systems.
These SmartEnCity actions aim towards a 100 % Renewable Energy Sources (RES) system
in the future.

The complexity of the task-execution ranges from securing strong citizen engagement in the
district intervention tasks, to secure those synergies between the individual tasks are seen and
embedded in the overall planning, to maximize outcome/results including unlocking new
Adomi nod opportunities by the actions

Action 1 - Sonderborg Building retrofitting complete (D5.3)

This Deliverable contains information about the process of energy retrofitting 51 buildings with
815 apartments and 66.181 m2 build area in Sonderborg. The main target audience of the
implemented actions are the three housing associations (B42, SAB, SOBO) and their tenants.
The municipality as a building authority and the engaged private sector companies are also
beneficiaries of the implemented actions.

The demo-action 1 has also been published in the SmartEnCity Booklet:
https://www.smartencity.eu/outcomes/final-publication/

Action 2 - Solar cell storage in operation (D5.5)

This Deliverable contains information about the process of designing and implementing PV-
solar battery storage systems in SOBO and SAB housing departments in Sonderborg. PV-
solar battery systems will help the tenants save/accumulate energy generated during the day,

Lo SmartEnCity - GA No. 691883 9/42
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for use during the night. The main target audience of the implemented actions are other
housing associations in Sonderborg, across Denmark and EU. Other larger building owners
might also be beneficiaries of the implemented actions.

Action 3 - 38 biogas-buses in operation (D5.4)

This Deliverable contains information about the process of replacing old diesel busses by 44
new biogas-busses in Sonderborg. The busses are servicing not only citizens in the
Sonderborg center city, but also providing a network of public transportation across the 497
km2 geographic area of Sonderborg municipality i and further exploitation of biogas-
technology opportunities. The main target audience of the implemented actions are other
municipalities in Denmark and abroad.

The demo-action 2 has also been published in the SmartEnCity Booklet:
https://www.smartencity.eu/outcomes/final-publication/

Action 4 - EV charqing infrastructure in operation (D5.6)

This Deliverable contains information about the process of installing 24+ EV-chargers across
the Sonderborg geography. Choosing location, overcoming installation challenges/barriers
and promoting the charging opportunities are part of the project scope. The main target
audience of the implemented actions are private companies and other municipalities in
Denmark and abroad.

Action 5 - ICT Sonderborg platform in operation (D5.7)

This Deliverable contains information about the process of replicating the Telia/Tartu City
Information Open Platform solution and having it u p  r uamdused fydmain target groups
in Sonderborg. The main target audience of the implemented CIOP system/concept actions
are municipalities in Denmark and abroad.

1.2 Contributions of partners

The following Table 2 depicts the main contributions from participant partners in the
development of this deliverable.

Participant Contributions

short name

ZERO Overall content of D5.9

PLAN Final external critical review of content.
ET Contribution to ICT content

s SmartEnCity - GA No. 691883 10/42
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TEC

Overall review and comments to this document

Table 2: Contribution of partners

1.3 Relation to other activities in the project

The following Table 3 depicts the main relationship of this deliverable to other activities (or
deliverables) developed within the SmartEnCity project and that should be considered along

with this document for further understanding of its contents.

Deliverable Contributions

Number

D2.5 Integrated Management models for large scale Smart City
transformation projects

D2.6 Citizen Engagement Strategy and deployment plan

D2.7 Integrated and systemic SmartEnCity urban regeneration

' strategy vl

D2.8 Integrated and systemic SmartEnCity urban regeneration
strategy_v2

D5.1 Sonderborg Diagnoses and Baseline

D5.2 Sonderborg Integrated Planning report

D5.3 Sonderborg building retrofitting complete

D5.4 38 biogas-buses in operation

D5.5 Solar cell storage in operation

D5.6 EV charging infrastructure in operation

D5.7 ICT Sonderborg platform in operation

D5.8 Sonderborg SmartEnCity Stakeholder Platform Report on citizens
ands t a k e h invobveamers sirategy

D5.9 Monitoring reports

SmartEnCity - GA No. 691883 11/42
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D7.3 Definition of the evaluation protocols used for the baseline
generation
WP8 Replications to followers and Smart Cities Network.
Including creation of the ProjectZero Roadmap2025 for Sonderborg
using the SEC EIP methodology and involving more than 100 local
experts and stakeholders.
SmartEnCity Bulletin newsletters and www.SmartEnCitynetwork.eu
website mentioning the Sonderborg solutions.
WP9 Exploitation, Dissemination & Communication
The SmartEnCity Booklet.

Table 3: Relation to other activities in the project

SmartEnCity - GA No. 691883 12742
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2 Objectives and expected | mpact

2.1 Objective

The objective of the Sonderborg Demo intervention is to demonstrate the planned demo
actions and achieve the results.

This includes building retrofitting, smart mobility and EV charging infrastructure development,
as well as the ICT deployment in a coordinated way so synergies and economies of scale
could be taken advantage of, coordination problems could be solved, and further potentials
can be fully exploited.

The purpose is to develop a strong robust SmartEnCity demo city and inspire other
municipalities across Europe to implement coordinated energy actions towards a ZEROcarbon
community.

2.2 Expected Impact

Action 1: Building retrofitting impact (task 5.4)

Seven departments in three Sonderborg housing associations (SAB, B42, SOBO) have
implemented energy retrofitting in 51 buildings with 815 apartments and 66,181 m2 build area.

The energy demand before retrofitting varied between 114 kWh/m2/year and 139 kwWh/mz/year.

The energy retrofitting measures were expected to reduce the energy demand with between
21% and 47% in the different departments.

The expected total energy saving was 1,866 MWh/year. Actual measured energy savings
(M49-M60) was 1,428 MWh/year, an average deviation of 23% from the expected savings.
Deviations from target at department level are both above and below expectations. See table
below for specifics.

The 2Rebound-effect, defined by changed user behavior, might cause this unexpected
difference.

2 https://blog.ucsusa.org/peter-oconnor/energy-efficiency-what-is-the-rebound-effect-946/
“ SmartEnCity - GA No. 691883 13742
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Department Street Energy Demand Expected Measured Measured

before
retrofitting

energy demand
after retrofitting

energy demand energy
after retrofitting savings

kWh/m?/year kWh/m?/year kWh/m2/year kWh/year
SAB-22 Klgvermarken 139 118 120 616,000
SOB0O-11 Borgmester And. 139 92 118 96,000
B42-10 Skriverlgkken 114 89 102 83,000
B42-12 Sundquistgade 120 61 82 87,000
B42-13 Ringbakken 120 73 70 216,000
B42-21 Morbaerhegnet 114 93 85 278,000
B42-28 Vissingsgade 122 86 98 52,000
In total 1,428,000

Table 4: Building retrofitting impact

Action 2: Solar cell storage in operation (task 5.5)

11 housing association departments across SAB and SOBO were part of the Solar cell battery
storage project. 86 buildings with 1,639 apartments and 2,500 residents were engaged in this

task.

The PV Battery storage project was part of Amendment 2 + 3. Implementation, therefore, were
not completed until summer 2021 and actual savings will not be reported until 2022.

Below is a list of the 11 department-projects implemented.

Department Apartments Investment Saved electricity Saved electricity ROI
(expected) (expected)
No. Euro kWh Euro Years
SAB—13: 93 340,000 105,000 30,000 11.3
SAB — 15: 105 360,000 125,000 35,000 10.3
SAB - 18: 114 410,000 120,000 34,000 12.0
SAB - 20: 94 295,000 105,000 30,000 9.8
SAB —21: 72 385,000 85,000 24,000 16.0
SAB —22: 432 345,000 65,000 18,000 19.1
SAB — 24: 324 925,000 330,000 93,000 10.0
SAB - 27: 52 170,000 55,000 15,000 11.3
SAB —30: 232 420,000 250,000 70,000 6.0
SAB —Byg 2 Common 90,000 23,000 7,000 12.9
SOBO —12: 72 325,000 110,000 30,000 10.8
S0BO — 21: 49 206,000 80,000 17,000 12.1
1,639 4,271,000 1,433,000 403,000 10.6
Table 5: PV Battery storage - investment and feasibility survey
Average investment per apartment: 4,271,000/ 1,639 = 2,610 Euro.
s SmartEnCity - GA No. 691883 14/ 42
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Average investment per m2 apartment area: 4,271,000 / 127,600 = 33.5 Euro

Average electricity purchase saving from grid per m2 apartment: 403,000/ 127,600 = 3.2 Euro

Action 3: 38 biogas-busses in operation (task 5.6)

Replacement of 38 old diesel busses by 44 biogas-busses took place in June 2017. Additional
6 busses were purchased to cover the transport need. The replacement/investment was part
of the SmartEnCity project, however the measurement criteria defined were soft criteria
focused on reliability and accuracy of departure/arrival of the busses.

The data collection includes vehicle fuel efficiency.

e ez consumpton (1) | conmangtion
M61-M67 1231144 494,631 2.49
M55-M60 1223291 461,000 265
M49-M54 1.100.117 420532 264
M43-M48 1310723 444640 2.94
M37-M42 1201255 447 297 268

Table 6: driven km and fuel efficiency for the biogas-busses since 2017

Action 4: EV-charging infrastructure in operation (task 5.6)

Seven smart Evergreen chargers were installed as part of the first implementation phase.
Additional 24 EON charging-points were installed in the second roll-out.

i g . The initial seven chargers
’ never functioned, and the
supplier was changed to
EON to secure the
implementation of a well-
functioning EV-charger
solution.

Figure 1: EON EV-charger
at the 1864 historic center
in Sonderborg

s SmartEnCity - GA No. 691883 15/ 42
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M49-M54 | M55-M60 [ M61-M67

Number |Number Number Number
Average Average
of of of of

charging |charging Gl charging G charging
- : (kwh) ; (kwh) X
points _ |sessions sessions sessions

Average
charging
(kWh)

GID Physical address

Grundtvigs Allé 195,
45.0.0.6400.17|6400 Sgnderborg, 6 139 17,9 576 3,6 358 8,6
(Bilka Sonderborg)
Ellegardvej 8, 6400
Sgnderborg, (Sonfor)
Renhaveplads 1, 6400
45.0.0.6400.19|Sgnderborg, (public 2 40 8,4 51 4,4 46 11,3
parkingspace)
Stationsvej 10, 6400
45.0.0.6400.22|Sgnderborg, (The 2 3 18,8 58 7,5 13 8,5
Court, Sonderborg)
Dybbgl Banke 16, 6400

45.0.0.6400.12 4 147 5,8 173 6,4 168 6,3

45.0.0.6400.21|Senderborg, (1864 2 38 9,6 65 53 75 12,0
Museum)
Aabenraavej 25, 6400

45.0.0.6400.20|Sgnderborg, (Skansen, 2 4 11,7 24 9,6 36 30,7

sportsfacility)
Martin Nyrupsplads 2,
6400 Sgnderborg,

45.0.0.6400.18 2 18 16,1 69 7,6 35 27,9
(Senderborghus,
culture center)
Langbro 7, 6400

45.0.0.6400.23|Sgnderborg (Danish 4 15 24,1 158 16,3 139 18,0
Crown)

404 11,9 1.174 6,2 870 11,8

Total charge (kWh) 4,796 7.307 10.232

Table 4: EV-charging statistics from the 24 EON charging-points in Sonderborg

Action 5: ICT Sonderborg platform in operation (task 5.7)

The Sonderborg CIOP is a direct clone of the Tartu CIOP. Therefore, the architecture of both
platforms is the same and contain:

T Cumulocity

I The data sources

1 The Data Access Layer
1 The DAL mapping tool
1 The City portal

The Sonderborg platform was implemented in summer 2019 with information collected by more
than 700 sensors. A CIOP 2.0 ambition based on upload of available energy-data from citizens
and companies is being implemented during M67 i M78, as part of amendment 3 actions.
Ultimately with the goal to establish and demonstrate the integrated energy system.

Several data/digitalization events organized are rampingup S o n d e r lransitigritesbecome
a smart city.
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3 Demonstration actions completed

The implemented demonstration actions in Sonderborg consist of the following action-tasks
described in the Grant Agreement number 691883 (AMENDMENT Reference No AMD-
691883-61) - Towards Smart Zero CO2 Cities across Europe (SmarteEnCity).

WP5 1 Sonderborg Lighthouse deployment Actions

1 task 5.4 Building Retrofitting

9 task 5.5 Integrated Infrastructures (Solar cell storage)
i task 5.6 Smart Mobility

1 task5.7ICT

The Diagnosis and Baseline (described in task 5.1) created the implementation strategy and
District Integrated Intervention (described in task 5.3). The Sonderborg stakeholder alliance-
platform, and the Citizen Engagement Actions (described in task 5.2) enabled the mobilization
of citizen engagement either for approving the actions (task 5.4, 5.5), supporting the
implementation (task 5.6, 5.7) or adapting/using the implemented actions (task 5.6, 5.7).

3.1 Action 1 - Building Retrofitting (task 5.4)

In task 5.4, the building cooperative owners of SAB, SOBO and B42 planned and implemented
specific building retrofit actions. ZERO coordinated the activities between the 3 housing
associations involved.

Seven housing association departments with 51 buildings and 815 apartments together 66.181
m2 build area in Sonderborg have been retrofitted as part of this task.

Department Street No. Buildings No. Apartments Built area m?
SAB - 22 Klgvermarken 19 432 32.421
SOBO -11 Borgmester And. 8 88 8.420
B42-10 Skriverlgkken b 87 6.960
B42-12 Sundquistgade 3 16 2.300
B42-13 Ringbakken 4 48 4.320
B42-21 Morbaerhegnet 10 120 9.600
B42-28 Vissingsgade 2 24 2.160
- 51 815 66.181

Table 5 - Survey of retrofitted departments
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Department Street Energy demand Energy demand

Before after Energy

Retrofitting retrofitting savings

kWh/m?/year kWh/m?/year kWh/m?/year
SAB-22 Klgvermarken 139 118 21 (15%)
SOBO-11 Borgmester And. 139 92 47 (34%)
B42-10 Skriverlgkken 114 89 25 (22%)
B42-12 Sundquistgade 120 61 59 (49%)
B42-13 Ringbakken 120 73 47 (39%)
B42-21 Morbaerhegnet 114 93 21 (18%)
B42-28 Vissingsgade 122 86 36 (30%)

Table 6 - Expected energy savings by department

The seven departments have implemented different energy retrofitting measures, including:
Insulation of facades, airtight constructions, new low energy windows and doors, new
ventilation systems with heat recovery replacing traditional exhaust air ventilation systems,
new outdoor LED street lighting in the surrounding ground areas and in stairwells, automatic
heating control systems in district heating supply of the buildings, improvement of indoor
climate, installation of in total 6.000 m2 of building integrated solar photovoltaic plants for
electricity supply with focus on good architectural integration of the solar panels in roofs.

The average energy savings in the seven departments was expected to be 30%.

Below are pictures of typical samples of the implemented actions from all three housing
associations.

Figure 2: SOBO Department 11, Building integrated solar cells
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Figure 4: SOBO Department 11: New low-energy windows
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Figure 5: SAB Department 22: seen from above with solar cells

Figure 6: SAB Department 22 with building integrated solar cells, in total on 19 buildings
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