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Final report

1.1 Project details

Project title PV - Cities - 2012

Project identification (pro- Energinet.dk project no. 2010-1-10504
gram abbrev. and file)

Name of the programme ForskVE
which has funded the project

Project managing compa- Cenergia

ny/institution (name and ad-

dress) Herlev Hovedgade 195 st, 2730 Herlev

Project partners Dansk Solcelle Forening (DSF), Solar City Copenhagen (SCC),
EnergiMidt (EM), FBBB, Teknologisk Institut, solcelle specialist
firmaer.

CVR (central business register) 7119 5414

Date for submission January 2016

1.2 Short description of project objective and results

Campaign and demonstration of intelligent building integrated PV applications in Danish cities
in connection to on-going climate plans and planned low-energy building projects.

As a result of the project there will be shown a number of alternative BIPV solutions and cost
effective and intelligent designs as part of low energy building or retrofit and in connection to
electricity saving schemes, at the same time documenting PV yield and overall quality. There
will be a total amount of PV installations of 255 kWp or approx. 3.000 m2.

By the end of this reporting there is a short presentation of Solar City Copenhagen, which
was a major actor of the project.

Besides is enclosed an annex with a lot of detailed material from the project incl. copies of
sketch design projects and design guidelines.

1.3 Executive summary

The subtitle for the ForskVE project PV-Cities — 2012 was” Campaign and demonstration of
intelligent building integrated PV applications in Danish cities in connection to ongoing cli-
mate plans and planned low energy building projects.

After the project was finished by the end of 2013, it can clearly be considered, that this aim
succeeded very efficiently.

In the contract it was foreseen to realise 130 kWp BIPV with 20 % support from ForskVE and
125 kWp BIPV without support.

But as it is illustrated in the implementation list below it has actually been possible to realise
438 kWp BIPV in all.

Only in connection to a small BIPV programme for one family houses there was projects real-
ised in different areas of Denmark.

The rest of the BIPV implementation projects was realised in the Copenhagen area with a
strong connection to the Climate Plan of Copenhagen.
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Here the most important BIPV project was the Sgpassagen project at @sterbro, which proved
to be a game changer for high quality BIPV implementation in the city of Copenhagen.

A very important part of the “"Campaign for intelligent building integrated PV applications in
Danish Cities” has been the sketch design activity, which in fact managed to be realised with
30 different BIPV designs incl. an economic assessment for the users coordinated by Solar
City Copenhagen and Cenergia.

1.4 Project objectives
The aim of the project was to realise an actual campaign for BIPV in Danish cities based on a
situation of still high PV costs when the project started.

1.5 Project results and dissemination of results
Project Results

The subtitle for the ForskVE project PV-Cities — 2012 was” Campaign and demonstration of
intelligent building integrated PV applications in Danish cities in connection to ongoing cli-
mate plans and planned low energy building projects.

After the project was finished by the end of 2013, it can clearly be considered, that this aim
succeeded very efficiently.

In the contract it was foreseen to realise 130 kWp BIPV with 20 % support from ForskVE and
125 kWp BIPV without support.

But as it is illustrated in the implementation list below it has actually been possible to realise
438 kWp BIPV in all.

Only in connection to a small BIPV programme for one family houses there was projects real-
ised in different areas of Denmark.

The rest of the BIPV implementation projects was realised in the Copenhagen area with a
strong connection to the Climate Plan of Copenhagen.

And especially the so-called Sgpassagen project at @sterbro in Copenhagen with 45 kWp
BIPV, which proved to be a game changer for the implementation of BIPV in the city of Co-
penhagen. The actual realisation was made in a close cooperation with architect maa Klaus
Boyer Rasmussen from Solarplan based on a Solar City Copenhagen managed sketch design
project and the city architects’ office and the urban renewal office in Copenhagen. The result
was so good, that it was placed on the front page of the official BIPV guidelines of Copenha-
gen. See also the enclosed article in the FBBB member magazine from October 2012.
Another important BIPV project was the 126 kWp PV system for the Klgvermarken Sports
Centre, which was based on a close cooperation with “The City Properties of Copenhagen”.
Besides should be mentioned the realisation of large scale BIPV integration on flat roofs
based on a Sketch design project at Frihedens Sports Centre in Hvidovre with 200 kWp,
which was an important project with many kinds of BIPV integrations in practice and a pro-
fessional and efficient tender process handled by Solarplan.

Besides this there was also realised a number of smaller BIPV systems in the city part of
Valby and preparation work was made on the large scale PV installation at the Damhusden
waste water treatment plant in Valby.

In the implementation overview is shown how agreements have been made with the most
important project owners by signing the revised PV-Cities 2012 business plan.
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In the following is shown a status presentation of the PV-Cities-2012 project from September
2010:

Status by September 2010 of the PV-Cities 2012, FORSK-VE project

Start date: June 2010

- The sketch designh work programme has been started co-ordinated by Solar City Copen-
hagen.

- The work programme has been discussed at meetings in June and August 2010 with the
4 largest cities in Denmark: Copenhagen, Arhus, Odense and Alborg. Here it was agreed
to realise the 2 first scheduled BIPV workshops in Copenhagen and Arhus before the end
of 2010 and to include the focus on BIPV in connection to common “Sustainable Urban
Development Guidelines” being developed.

- At the same time, it was agreed with The Danish Association of Sustainable Cities and
Buildings, FBBB (www.fbbb.dk) to include promotion of the PV-Cities 2012 project in its
member magazine which was available by the end of 2010.

- In May 2010, there was included promotion of BIPV and the PV-Cities 2010 project in
connection to a thematic day at Vitus Bering in Horsens where a new prefabricated zero
energy test housing unit with integrated BIPV, “EcoLab” was presented to the public.
Here more than 60 attendants participated. A similar event is foreseen before the end of
2010.

- InJune 2010 Cenergia participated at a Gate 21 workshop in Copenhagen focusing on
new project ideas. Here the idea of developing a new project towards the FORSK-VE pro-
gramme received a lot of interest from many of the 80 participants including the munici-
palities of Copenhagen, Albertslund and Brgndby as well as representatives from the
building industry. It was agreed to formulate a new FORSK-VE proposal with Gate 21 as
co-ordinator (www.gate21.dk), and from the City of Copenhagen it was proposed to fo-
cus on the combination of green roofs and BIPV, since green roofs will be a new demand
in Copenhagen to reduce the influence of rain water on the sour system, and besides this
focus on zero energy and low energy class 1 building with BIPV. 7 projects in Hvidovre,
Ballerup, Albertslund, Brgndby, Roskilde, Haslev and Copenhagen have been identified in
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connection to his with around 700 kWp BIPV.

- InJune and on 1 September 2010 there have been meetings with the Active House Alli-
ance who are working on the promotion of solar low energy building designed to meet
the new EU-directive for buildings which demands that all buildings need to be nearly ze-
ro-energy by 2020 based on a contribution of local renewable energy sources. Here there
was received a strong support for the PV-Cities 2012 project and the new initiative to-
wards FORSK-VE (see: www.activehouse.info).

- Work on up-to-date “BIPV guideline” publication has started up in co-operation with
Architect maa Klaus Boyer Rasmussen from the Solar Vent Company who has long term
experience concerning practical implementation of BIPV, e.g. in Valby and in Copenha-
gen.

- Practical BIPV implementation projects have been discussed both with the municipalities
of Copenhagen and Arhus. In June and July 2010, a BIPV project for the Valby Sports
Park was already installed, and in Arhus a zero energy municipal building will be
equipped with BIPV.

Peder Vejsig Pedersen
CENERGIA ApS

And as a supplement is also shown the main part of the status descriptions from the Interim
Reports.

The project is still progressing well. The present interim report covers the period
from 1. January to end of June 2011. The following activities have taken place in
this period.

There has been a lot of work done in cooperation with "Dansk Solcelle Forening”,
“Danish Solar Cell Association” DSF, to update the website with improved infor-
mation incl. fact sheets. This information is however a bit delayed and not fin-
ished yet and can thus not be launched at present.

- Information made by Cenergia on “PV for low energy building of the fu-
ture has been developed (see annex). Part of this information will also be
integrated into the mentioned fact sheets, and it will also be used in the
BIPV guidelines which are being worked on.

- Solar City Copenhagen has organised BIPV sketch design projects in Co-
penhagen at “Kartoffelraekkerne” and in Kronprinsessegade, in Egedal
and in Haderslev.

- Investigations have been made concerning BIPV and a link to PV and
ventilation as mentioned in the contract. It seems possible to include
several projects here.

- During the last project period work has been made to introduce a Danish
PV module producing company, which has only been involved in the PV
market outside Denmark. This is the Easy BIPV company which is now
operating in cooperation with a contractor company, “Hald and Halberg”
in Tastrup. Based on this, results will be available from 33 kWp installa-
tions around Denmark, which includes very interesting fully integrated

Cenergia Energy Consultants Tel. : +45 44660099 5 o
Cenergia ApS Fax. : +45 44660136
Herlev Hovedgade 195 E-mail : Cenergia@Cenergia.dk CEN ERGIA A

DK 2730 Herlev CVR nr. 7119 5414



mailto:Cenergia@Cenergia.dk

BIPV solutions where the PV module is actually the climate shield, both in
the form of sloping and flat roof solutions. Here it has at the same time
been possible to obtain costs as low as 21.000 DKK/kWp.

By having documentation of practical operation experience it can be real-
istic to use these systems both in general as well as for the new PV-Boost
FORSK-VE project.

- It has now been agreed with EnergiMidt to start using the “Safer Sun”
system from Germany as an internet based solution for following up on
PV operation. Here we will start with the already realised 55 kWp BIPV
installations.

- There has been work on BIPV financing and organisation schemes in co-
operation with Copenhagen Municipality and the Ebo Consult company.
This has proven very important because it seems possible to realise a
much larger BIPV installation in Valby in Copenhagen in the EU-Concerto
project here.

Originally it was planned to realise 200 kWp, but now up to 800-900 kWp
might be possible because a planned bio gasification project will not be
realised with EU support.

In the annex there is a copy of a short calculation and organisation pro-
posed based on the recent very reduced BIPV costs.

- Both Solar City Copenhagen and FBBB has launched newsletters with in-
formation about the PV-Cities-2012 project.

In the reporting period from 1/7-2011 to 31/12 2011 There has been a large
number of activities realized which follows the workplan quite well.

The most remarkable result concerns the realization of a very innovative BIPV
project at the shared ownership housing, “Sgpassagen” at @sterbro in Copenha-
gen. Here is established a 45 kWp PV installation (approx. 360 m2) for 90 apart-
ments. And as something completely new in Copenhagen it is very visible from
the street area, with its situation directly towards the “Lakes” in Copenhagen and
the very trafficied, Fredensgade, which also passes the “"Rigshospitalet” building,
The project has been realized in a close dialogue with the “Cityarchitect” of Co-
penhagen and the “Center for Urban Design”, in cooperation with architect Klaus
Boyer Rasmussen from SolarVent who coordinated the realization.

Luckily there is consensus about the high architectural quality of the project,
where the PV installation is made with a good resemblance to the existing “slade”
roof/Copenhagen roof (with a combined sloping roof part which is very visible
and a large flat roof part which is not visible).

Supplier of the BIPV system was the company Gaia Solar which utilized a German
mounting system as basis of the good result.

Another interesting thing is the way the BIPV project is organized, which can be
very useful for both shared ownership housing and social housing in the future.
The background for this was that the PV output would be larger than the common
electricity use, so it became necessary also to deliver PV for the individual elec-
tricity use in each apartment.

The solution was to arrange a common way to purchase electricity for all the
apartments based on individual signatures for all 90 apartments.
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The benefits are obvious because it becomes possible to save 800-900 DKK pr.
apartments in yearly metertax as well as a 10-15% reduction of electricity costs
because of the new situation as a large electricity consumer. Together with the
PV contribution a considerable yearly saving is obtained for each of the tenants.
This is described in detail in the enclosed “project report on “Sgpassagen”,
Even including a costly BIPV solution with scaffolding etc. a payback time of 11-
15 years can be obtained and for less complicated projects a payback as low as
6 years can be obtained in some cases.

In the project period there has also been made a number of PV-sketch design
projects, like earlier, here with the large “Hedeparken” social housing area in
Ballerup with 900 apartments as a very interesting project connected to roof
renovation plans. Besides “Kartoffelraekkerne” in Copenhagen as other contribu-
tions. At the same time there has been an approach from the housing associa-
tion, FSB, which has 15 different housing areas they would like to have sketch
design work for. How these can be handled in connection to the total number of
sketch design projects will be negotiated further.

Since spring 2011 there has been a dialogue with the city of Albertslund who has
shown an interest in making a large scale PV-implementation plan for the city
with 28.000 inhabitants.

At present this has led to a possible introduction of BIPV to cover 12% of the
overall electricity use already in year 2020, especially with focus on large scale
concrete housing renovation.

Besides there has been a dialogue with the waste water company of Copenhagen,
“Lynette faellesskabet” to go into a large PV Project in Valby at their “Damhusden
facility”, and it has been decided to go on with the preparation of a 500 kWp PV-
plant.

At the meeting on the 23 of August representatives of the Steering Committee
were presented a status on the project work, and links to the new PV-Boost pro-
ject was discussed.

It was noted that the DSF website information was still not finalized, mainly due
to maternal leave from the main responsible.

Besides details on remote survey of the involved PV-installation were agreed with
EnergiMidt, something which has progressed since then.

At the general assembly of the Danish PV association, DSF in Odense on the 31
of October 2011 there was a detailed discussion on PV quality control with a
presentation on this from Technological Institute.

The proposed solution concerning this will be considered for use in coming
demonstration projects with an involvement from TI based on a budget for this
activity in the project.

Several partner meetings concerning BIPV have taken place incl. several FBBB
meetings, an “Active House” meeting on the 2. and 3. of September 2011, the
Valby Energy Bazar on the 7-8. October 2011, a workshop at DTU on the 16 of
August 2011 and a seminar in Malmg on the 18" of October 2011 with inspiration
on new BIPV schemes in Sweden and discussions on cooperation in connection to
Active House work.

In the reporting period from 1/1-2012 to 30/6-2012 there has been a large num-
ber of activities incl. a strong focus on the BIPV sketch design programme with
Solar City Copenhagen.

Here agreements have now been made concerning more than 30 sketch design
projects of which 10 have been made at present. Of these especially the pro-
posed project for Hedeparken in Ballerup is very interesting and also a very large
project involving approx. 900 apartments from the AAB housing association.
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It has in practice proved difficult to realize country wide PV installations as origi-
nally foreseen, but due to a good synergy with the ongoing ForskVE project in
Skive, there is still maintained a country wide cooperation and effect of the pro-
ject and the FBBB thematic magazine and newsletters have also secured a gen-
eral dissemination of project results also incl. inspiration from the Skive project.
PV investments were not low cost in the first parts of the project incl. also the
Sgpassagen project, which was of a very high quality. But during the last report-
ing period a clear effect from the much lower PV costs have been seen. This also
means that already now the aimed size of realized installations have surpassed
the aimed 255 kWp for the project and already now more than 350 kWp have
been realized.

It was in connection to the PV Cities 2012 project aimed to involve EnergiMidt as
responsible for part of the PV installations, but even though several efforts have
been made, this has not been possible, also due to the “heated” market situation.
This means that the installed PV systems are still reported through Cenergia.
EnergiMidt is however deeply involved in the very important task to secure online
monitoring and survey of the PV systems operation through the Meteocontrol
system, which is also used in Skive.

And by 29" of August there will e.g. be made installation of monitoring and sur-
vey equipment for the Sgpassagen BIPV systems incl. another system, and re-
sults will be presented in a common website.

(a first version of this is being prepared at the “"Danske Solkraft Vaerker” web-
site).

The DSF PV website is now up and running (Dansk Solcelle Forening), and work
in connection to the “Active House” initiative have also been performed.

- Material on the Sgpassagen best practice BIPV system have been
launched in several places.

- The PV-Cities-2012 project has been promoted in the last FBBB magazine
on “Low energy standards and certification” from March 2012.

- There has also been promotion of the project at the World Renewable
Energy Forum 2012 in Denver, USA in May 2012.

- The project was also promoted at a BIPV seminar in Odense on the 24"
of May 2012 and at a Solar City Copenhagen seminar on the 30'™" of May
in Copenhagen.

- Besides results from the PV-Cities-2012 project was presented at the
Municipal workshop on strategic energy planning in Odense on 1%t of
March 2012.

- There has also been made promotion work on BIPV towards the Zealand
Region, who will make PV investments with support from the EU Elena
program and a paradigm for PV project tenders will utilize work made in
connection to PV-Cities-2012.

Copenhagen Municipality has used PV-Cities-2012 results in a recent brochure
and in a catalogue on BIPV recommendations that they are preparing for 2013.

In the reporting period from 1/7-2012 to 31/12-2012 still many activities have
been realized including also revision of the BYG-SOL energy calculation pro-
gramme with a possibility to calculate the effect of PV systems according to the
new energy values for PV in Denmark, which was launched in November 2012.
In the period a cooperation with Gladsaxe municipality was made in connection
to installation of a PV system at the city hall.

And in connection with Furesg municipality several sketch designs were made for
a commercial building area at “Farum Industrial Park” including a workshop on
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BIPV projects, where detailed calculations on PV economy was presented for 5
different project examples.

In connection to the booming PV market an invited speech from the PV-Cities
2012 project was made in Fredericia on the 25. October 2012 on “PV for project-
ed buildings” organized by “Land & City” and FBBB.

Besides a support on BIPV implementation in the city of Albertslund has been
made on Herstedvester School and Degnehusene 26/Flintager 55 where 2 x 4.5
kWp BIPV systems were realised in relation to an energy renovation for the lat-
ter.

For the Sgpassagen project online monitoring has been secured in cooperation
with EnergiMidt and also for another PV project for a private house in Lyngby,
where there seems to be a bit lower PV production than anticipated.

Several new sketch design projects have been realised in cooperation with Solar
City Copenhagen, and based on the Sgpassagen project results, a new BIPV pro-
ject for "Kommune Hospitalet” in Copenhagen will utilize the same kind of BIPV
design.

In the reporting period 1/1-2013 to 30/6-2013 there has been realized a lot of
work according to the work plan of the project.
Here there has especially been an increased focus on follow up and new initia-
tives in relation to the very successful BIPV sketch design activity. And by the
end of the reporting period it can now be concluded, that it has been possible to
realize 30 BIPV sketch design projects in all, which have had a big influence on
the BIPV realization process.
The BIPV sketch design process has in many cases lead to a new attitude to-
wards use of BIPV and a good dialogue on what is actually possible in connection
to e.g. large housing roof exchange projects, like in Hedeparken in Ballerup,
where there is an interest to realise around 1.000 apartments with a BIPV solu-
tion in the roofs.
There have also been several workshops with presentations on how you can uti-
lise PV in a good architectural way.
And here there has been a continuous dialogue with e.g. the City of Copenhagen
in relation to their PV-guidelines, which has recently been launched including a
special map of all buildings in the City of Copenhagen, where you can see how
well you can utilise PV for a given building.
There has also been a dialogue and support towards the Copenhagen PV-Coop in
connection to the need to move the 10 years old 40 kWp PV installation in Njals-
gade in Copenhagen to the Valby Sports Centre, here also investigating which
flat roof installation systems that would affect the weight on the roof the least,
and for an old BIPV system at Valby School there has been a dialogue on how to
follow up on improving the system performance.
A very important part of the PV-Cities 2012 project has been the support on
quality control and follow up on installed PV systems. Here Technological Insti-
tute has given support on some PV systems with problems in the City of Albert-
slund, and quality control on the PV installation at Friheden Sport Centre in
Hvidovre. And EnergiMidt has also been active in supporting documentation work
on PV production at several sites.
- A presentation of 20 years of BIPV experiences incl. results from the PV-
Cities 2012 project was made at the BIPV workshop on 21. March at the
Culture House Islands Brygge as a support of the EUDP special pro-
gramme for BIPV
- Several examples of influences from the project can be seen in the Initia-
tive Catalogue from “Network for Energy Renovation” launched in June
2013.
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PV installed on Gladsaxe City Hall based on a PV-Cities sketch design project.

BIPV sketch design projects in the PV-Cities-2012 project.

The perhaps most important parts of the “Campaign for intelligent building integrated PV
applications in Danish Cities” has clearly been the sketch design activity, which in fact man-
aged to be realised with 30 different BIPV designs incl. an economic assessment for the us-
ers coordinated by Solar City Copenhagen and Cenergia.

Below is shown a list of the realised 30 BIPV sketch design projects. (See also the annex for
details)
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Solarplan Rubow Esbensen Nearlgv Cenergia Ole Dreyer
1 G f@rt  |Fabrik for Kunst & design 1
2 G fart  |Viborggade 17 1
3 G fart  |Sundhol msvej 1
1 G fart  |£blevangen 1
5 G fare  |Vagtelvej 1
6 G fart  |Vallensbhzk FDB 1
7 G f@rt |Rede Kro 1
8 G fart  |Gyldenlgvsgade 1
9 G f@rt  |Hedeparken 1
10 G fart  |Viborggade 22 1
11 G f@rt  |GladsaxeRadhus 1
12 G f@rt  |Folehaven (3B), Valby 1
13 G f@rt  |Rewentlowsgade 1
14 G fart  |Dagmargirden
15 G f@rt  |PrinsesseCharlottegade

16 G fart  |Peder Lykkesvej, Amager

17 G fart  |Sdr Boulevard, Amager

18 G fart  |Rigshospitalets Kollegium: Jagtve] 120 1

19 G f@rt |Furesg Bad 1

20 G f@rt  |Furesg Erhverspark 1

21 | G f@rt  |Lindholmsvej, Arhus 1
22 G fart | Albertslund Langeeng: Dorte Mandrup 0,5 0,5

23 G fart  |Cowbhoybyen, Herlev 0,5 0,5

24 G fgrt  |Godthabsvenge 31-37 _ 0,5 0,5
25 G fart  |Galaxen, Vaerlgse 1

26 Karer Albertslund: prevehuse 1

27 G f@rt  |Afd. 47 Lundebjergirdsvej 6 _

28 G f@rt  |Emdrup Kirke 0,5

29 G fart |Verlgse skoler 1

30 G fBrt  |Sepassagen, @sterbro, Kbh.

A list of the 30 PV-Cities-2012 sketch design project.
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Emdrup Kirke

Ved Vigen 7, 2400 Kebenhavn

Rdlegdstonaide®® - 4Oy Bptureiigpane

Proposed new roof with PV for Emdrup church.

10000

PV integration with VELUX windows at Albertslund.
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Illustrations from start up of 200 kWp PV installation at the Friheden Sports Centre in
Hvidovre on basis of a sketch design project, design and tender made by Solarplan, Architect
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maa Klaus Boyer Rasmussen.
The PV installation was made by “Drivhuseffekten”.

Cenergia Energy Consultants Tel. : +45 44660099 14 lo)
Cenergia ApS Fax. : +45 44660136
Herlev Hovedgade 195 E-mail : Cenergia@Cenergia.dk CEN ERGIA A

DK 2730 Herlev CVR nr. 7119 5414



mailto:Cenergia@Cenergia.dk

Solcelleproduktion Frihedens Idraetscenter

EFFEKT NETOP NU

PRODUKTION SIDEN

CO, BESPARELSE ALT
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Visit a flat roof at Farum commercial Centre with focus on PV integration in 2012.

24/09/12

Reports

sl

Klevermarkens Idraetsanlag - Reports

Daily power of entire plant
(Daily power of plant)

Daily yield of inverters
(Daily overview of each inverter yield)

Monthly yield for entire plant
(Monthly plant yield)

Annual yield for entire plant
(Annual yield of plant and inverters)

Normalized month yield
(Plant yield of a month based on 1 kWp)
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24/09/12 Kiavermarkens Idraetsanlag - Main menu

Klgvermarkens Idreetsanlaeg

Plant information
Description: Solcelleanlag
Owner: Kgbenhavns Kommune

Plant state
Current overall state: @

Total power: 1696 W
Total daily yield: 148.4 kWh
Last event: 2012-09-24 18:01:21
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24/08/12 Klovermarkens [drastsanlzg - Reports

Reports - Daily power of entire plant

Daily power of plant

Last update: 2012-09-24 18:00:00
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24. Septenber 20812

Day yield: 148.4 kWh

Refresh || Print ||  Back

Online monitoring results from Klgvermarken sports Centre PV installation by “Drivhuseffek-
ten”
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24/09/12 Klevermarkens Idraetsankeg - Reports

Reports - Annual yield for entire plant

Annual yield of plant and inverters
Last update: 2012-09-24 18:00:00

Inverter group: ungrouped E
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Annual yield: 98 743.1 kWh

Refresh || Prnt || Back
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PV Boost

Cenergia
Projekt Kongshvile
Data fra Meteocontrol
mnll
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0 72 3 4 5 8 7 B 9 10 1112 1 14 15 16 17 18 19 20 21 2 20 24 25 26 27 28 2 20 N
@ Energy
Calculation Information S
Energy (Msasuremaent tachnigee) 12 54 KWh 1254 ¥Wh
Energy (Meter reading) 1254 kWh 1254 k¥wWn
Speciic energy 209 KWh/kWp 209 ¥Wh/kWp
Nominal cotpt 600 kWp
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@ Energy
Caleulaton | Information
Bnnual valies
Energy (Measuremert techrique) 2.32 kWh 2.32 kWh
Eneigy (Meter rescng) 232 K 232 kv
Sreachir anerm N AN PAR YW 00N PAWA
Meteocontrol online survey of PV installation in Gladsaxe.
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1.6 Utilization of project results

The PV-Cities-2012 project has supported the practical implementation of PV projects in co-
operation with several Danish cities, but with a main focus on the Copenhagen area. Here
especially the 30 realised BIPV sketch design projects has been a strong support for best
practice BIPV implementation, where also monitoring, follow up and quality control has docu-
mented its value in practical BIPV demonstration. The BIPV oriented ForskVE project, PV-
Boost was started up based on PV-Cities-2012 results.

1.7 Project conclusion and perspective

There has been very important results from the PV-Cities-2012 ForskVE project with respect
to introducing building integrated PV solutions in an architecturally good way, creating a
large number of creative BIPV example projects in a period with a very big expansion of the
PV market in Denmark. In Copenhagen the activities has, together with the activities of Solar
City Copenhagen, led to a strong focus on how to implement PV in buildings and in cities in a
good an acceptable way for the citizens, and has shown that PV and BIPV can actually be a
strong support of the Copenhagen Climate plan, which aims to reach CO, neutrality in year
2025.
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SOLCELLEANLZAG ANDELSBOLIGFORENINGEN

BGPASSAGEN «oeennavn

af Klaus Boyer, arkitekt maa, Solarvent

INNOVATIVT SOLCELLEANLAEG

Med udgangspunkt i et skitseprojekt fra 2007
etableredes ved udgangen af 2011 et inte-
greret solcellcankrg pa 45 Kwp (ca 315 m?)
pa ejendommen nlhorende Andelsboligfor-
eningen Sopassagen. Anlegget er stottet med
midler fra Kobenhavns Kommune, ForskVE
projektet samt PV-Cities 2012.

Solcellerne er delt i to ankeg: Anlag 1: de
skrd tagflader med 28 kwp, heldning 45 gr. og
Anleeg 2: det flade tag med 17 kwp, heldning
17 gr.

Andclsboligforeningen Sopaseagen har
igennem flere v virker som igangsweter af
klimarclaterede aktiviteter og tunkemiider og
indledte vejen mod etablering af solceller pa
egen ejendom med igangsataing af nxvate
skitseprojekt’ tilbage i 2007, hvortl Solar
City Copenhagen ydede tilskud,

Skitseprojekret blev udfort af Solarvent
Aps.

Andelsboligforeningen Sopassagen har 88
lejligheder og ligger pi Osterbro ved Fredens
Park ng, Sortedamsdosseringen. Bygningen cx
ret markant med sine 6 etager og koben-
havnertag og er meget synlig 1 der offentlige
rum.

Soleellerne i de skri eagflader har erstarter
den oprindelige naturskifer og fremtraeder
derfor som en meger synlig mgflade, Anlicg-
get pa det flade tag ses ikke fra gadeplan med

den lave haldning,

ETABLERING AF SOLCELLER |
K@BENHAVNS KOMMUNE
Den hidtidige praksis i Kebenhavn kom
mune med VE-anlzg (Vedvarende Energi-
anleg) har vaeret, at der ikke métee kunne ses
fra det offentlige rum,

Med baggrund i Kebenhavns Kommu-
nes egen Klimaplan, der gir ud pi at vere

CO? neutral i 2025, og dermed onsket om

styrkelse af den vedvarende eneryi, har kom-

munen set det som en udfordring men ogsd
en nodvendighed at tage ridligere opfattelser

op il forayet overvejelse

Kobenhavns Kommune har ydet et stort
bidrag til denne sag, set det som en demon-
strations- mulighed, en forayet opmarksom-
hed om synligheden, og dertil ogsi stllet
kerar tal udl-m‘mningcn af de s_vnhgc dele,
krav som ikke nodvendigvis kan opfyldes ved
brug af standardlosninger.

Solcellepanelesne i de skrd tagflader fremtee-
der med en lagdeling der refeserer til skifertaget,
som er den traditionelle tagdekning pé sidanne
huse, uden dog at eftetligne skifesstenene. Det
giver noget bevagelse og struktr i tagfladen,

der harmonerer fint med huset som helhed.
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Panelesne er opbygget med kun to rekker
solccller i vandret liggende baner. Panelerne
er uindrammede og reprasenterer derfor kun
en synlig tykkelse pa op til 5 mm, Panclerne
er monteret i et underliggende montage-
system der medforer at panelerne reelt
representerer en tet tagflade, svarende til en
hvilken som helst anden fardig tagbelegning
Der er etableret undertag forinden legningen
af solcellerne, Panellengderne ligger med ct
ganske lille overleg,

Ved tagets hjorneafslutninger, som
repraesenterer smi skaeve tagflader er gt
naturskifer.

Som afslutning af panelrakkerne op mod
skyggegivere som kviste og lign, er benyttet
alucobond i sort med samme bancbredde
som panelerne.

Det flade tags anlzg exr med en haldning
pa 17 gr ikke synligt fra offentligt rum og
udfort med indrammede standardspancler pa
alustativ.

Solcelleleverance og montage er udfort af
Gaia Solar A/S, Hvidovre.

Arkitekt har verer Klans Boyer, Solarvent
Aps, Valby.

ANDRE TILTAG
Undervejs i processen har en lang rakke
aliernanve losninger varet overvejet.
Andelsbolig-foreningen Sopassagen har
imidlertid pa grundlag af en tilsvazende lang
rekke vurderinger og analyser beslutret det
nu udferte bestiende af solcelleanlzeggenc,
en stor tagrerrasse samt et genbrugsregn
vandsanlvg, Solcellerne medforer den storste
CO? reduktion af de overvejede alternativer
og lesninger,

Cenergia Aps, Herley, har bidraget med
forskellige analyser.

Moe & Brodsgaard, Rodovre, har bidraget
vedrorende regnvandsanlegger.

Korsbaek & Partner, Alborg, har bidraget
vedrorende konstruktioner.

Solarvent Aps, Valhy, har stict for den

samlede byggeledelse,

YDELSE QG FORBRUG
Solcelleanlzggene ventes at yde omkring
35.000-40.000 kwh/ar.

Andelsforeningens frlles el-forbrug lig-
ger i niveavet 22,000 kwh/ir tl trappelys,
kalderys, udendes belysning, tv-anleg mv.
samt vaskeri,

Solcellerne var forst og fremmest tenke
som dakning af dette felles el-forbrug,
Imidlertid var der plads til mere og den gun-
stige solcellepris medvirkede yderligere dl at
styrke ensket om at udnytte tagets mulighe-
der fuldt ud.

Ejendommen havde tre malere pd det
fxllcs cl-forbrug Disse ville kunne legges
sammen nl et som diekkende frllesarealets
el-forbrug, Men der ville fortsar vaere en
overskudsproduktion i storrelsesordencn
13-18.000 kwh/&r som si skulle selges dil det
offentlige el-ner for 60 ore pr kwh, hvilket er
en dirlig forretning nar man giver 2,00 kr pr
kwh den anden ve).

SIDE 26 - OKTOBER: 2012

Som folge af to forhold vedr. boliger:

» det fie el-valg, der er lovbestemt;

» nettoafregningsordningen, der fasteg-
ger hvordan der afregnes og exporteres/
importeres til pettet;

skal al cl-afregning jf. nettoordningen
afregnes en gang om dret over ct skillepunkt,
dvs en miler. Nir man bevasger sig ud over
bestemmelserne vedr. frellesareal skal alle
beboere vare 100% enige, dvs entenl00 %
sammenlagning eller ingen sammenlagning

Andelsboligforeningen gik derfor i gang
med at indsamle undesskeifter fra alle
beboere, hvilker er en storre opgave, Det
Iykkedes og i dag er der kun en hovedmiler
og bimalere pa alle brugssteder, herundet i
alle boligerne.

Denne proces har muliggjort, at den
samlede produktion afregnes over nettet (im-
port/export samme pois ca 2,00 kr pr. kwh)
hvilket betyder folgende:

» Foreningen fjener samlet mellem 70,000
og 80.000,- kr, pr. ir ved egenproduk-
tion af el

» Foreningens medlemmer, beboerne,
sparer pr. bolig 900,- kr/dr i malerafgife

» Foreningen fir som storkunde rabat
i storrelscsordenen 10-12 % pa det
samlede el-forbrug som neto importe-
res fra el-nettet, geldende ved mere end
100.000 kwh/ar.

Det anslis at ejendommens samlede ddige el-
forbrug ligger mellern 200,000 og 250.000 kwh.

Der skal siledes fortsat fra nettet importe-
res mellem 160 000 og 210000 kwh pr Ar

Den synlige solcellelosning i de skt tag-
flader er en del dvrere end standariosningen
pé det fade g, Newo prisen for solecllerne
i den skri tagflade er 32.- kr/wp og pi det
flade tag 21,- kr/wp.

Og der skal tilfojes, at der for at etablere

solcellerne i de skri tagflader fordres en
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storre investering i nyt undertag medens
den medfolgende tagomlegning pd det
flade tag er betydelig mere beskeden. Hertil
kommer stilladsudgifter, som er viesentlige
og uomgangelige ved det sked tag, men er
beskedne ved etablering pa det flade tag. S4
samlet bliver losningen i den skri mgade 7 kwp solceller af 21
temmelig dyr. Solceller i

Der vil i kraft af den centrale maling af nkl. mome
Arsforbruget, og dermed er stort samlet
forbrug, kunne opnds en lide lavere el-pris.
1 dag er mellem 20 og 25% af den pris man
betaler el-produkdonspris, og det er den man

far mbat pi. Resten er afgifter olign, og der Sd

Inkl, mo

gives ikke rabat.

Endnu en besparelse venter pa sigt, nemlig

den forventede prissugning i net-cl, der Ftablering af 90 bimalere 6 to hovedtavier/med
vasentligst vil viere foranlediger af politiske Inkl. moms 2

afgiftsforhojelser. Disse stgninger pivir

ker narurligvis ogsa lysten nl at investere 1 SAMLET INY

alternagver.

Nedensriende mbel 1 viser en stignings-
takt pa 4% over den periode som solcellernes
ydelse er garanteret nemlig 25 4r. | de fore- oudaift for Andelsboligfareningen
gaende 40 ar har stigningen gennemsnitlig
vaeret 6%,

Der skal tlfojes at solcellernes ydelse
falder igennem garannpeoden pa 25 ar Det
veksler en del hvor meget, men garantien sik-
rer en ydelse det 26. ar pa 80 %, dvs et fald
pA max 207, Der er mange cksempler pa at
der reelle fald over en ulsvarende periode har
varet mindre, Det kan sd sammenholdes med,
at den forventede prisstigning pd importeret
el vil vaere 256%, hvoraf ca 90 % ud fra den

aktuelle inflation vil vaere en netto fordyrelse,

TABEL 1
PRISSTIGNING PR AR = 4%, HERUNDER ANF@RT FOR HVERT ANDET AR

KWH PRIS
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SOLCELLER
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NAR DU VIL

OPSATTE SOLCELLER

Kobenhavn COz-neutral i 2025

Kebenhavn Kommune skal vare COz-neutral

i 2025. Teknik- og Miljaforvaltningen vil derfor
gerne hjzlpe kobenhavnerne med at bidrage

til dette ambitiase mal bl.a. ved at spare pa
energien eller investere i ren, vedvarende energi,
fx solceller,

Kommunen vil gerne sammen med kaben-
havnerne vise, at det er muligt at kombinere en
baredygtig enargiforsyning med god arkitektur
- ogsa med solceller.

Fordele ved solceller

+ Med solceller producerer du selv ren energi
til en fast pris.

« Solceller producerer strem i dagtimerne,
hvor elforbruget er starst

« 10 m?solceller kan producere ca. 1.300-1.400
kWh pr. &r ved en god placering.

+  Solceller er stegjfri og har ingen beveegelige
dele. Solceller krzver derfor som regel
begranset vedligeholdelse.

«  Solceller forventes af branchen at have en
levetid pa 30-40 ar. Mange forhandlere giver
en garanti pa 20-25 ar

s Suleeller kan erslalte endel df facade- eller
tagbelzgningen og dermed spare udgifter
til disse bygningsdele.

Solcellemoduler findes i et stort udvalg af ster-
relser, udseender og kvaliteter. Solcellemodulet
kan bruges som byggeelement pa tag eller
facade eller som solafskarmning. Solceller kan
f.eks. vaere byeget ind i glas eller ruder for at
skarme mod solindfaldet. De kan ogsa vare

semitransparente og lamineret imellern to lag
glas. Det vil sige, at de bade producerer el og
skarmer mod solen

Solceller med god privatekonomi

Prisen pa solceller ar faldat meget de senere 3r,
men den statslige statteordning, nettomaler-
ordningen, er stadig afgerende for, at soiceller
privatakonomisk nu kan vare en god invester-
ing.

Her er to eksempler pa priser. Eksemplerne skal
tages med forbehold, da der er store variationer
i priser, afhngig af en raekke forhold, og fordi
priserne hele tiden udvikler sig. Priseksemplerme
erikke relateret til de viste fotos.

Solceller til enfamilieshuse

Her er et priseksempel inklusiv moms: et 4,4
kW anlzg pa 30m’ med en produktion pa 4,000
kWh/ar:

Solcellepaneler 70.000
Inverter 12.000
Monteringsmateriale 8.000
Elektriker 5.000
Tulale udwilter 95.000

med en elpris pa 2 ke./kWh spares ca. 8.000 kr./
ar, evarende til en tilbagebetalingstid i sterrelses-
orden 1Z ar.
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SOLCELLER PA GRENT TAE, : SOLCELLER PA SVAGT SKRANENDE TAG,
SOMMERSTENGADE 2032,

KRAFTENS BEKAMPELSE, STRANDBOULEVARDEN
FOTO: CENTER FOft BYDESICN L | 49, FOTC: DRIVHUSEFFEKTEN APS

et nettilsiutt
kan man dra del af den sakald
malerordni

SOLCELLER IND MOD GARDEN,
S AJB MANGGADE 14/ VEJRBGADE 7-9,
~ FOTO: KRISTIAN SYLVESTER-HVID

om nettomalerordningen
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Solceller til boligforeninger

Her er et priseksempel inklusiy moms: et 8,8kW
anlzg pa 60m? med en produktion pa 8.000
KWh/ar:

Solcellepaneler 128.000
Inverter 22.000
Monteringsmateriale 13.000
Elektriker 7000
Totale udgifter 170.000

med en elpris pa 2 kr./k\Wh spares ca. 16.000 kr.
/ar, svarende til en tilbagebetalingstid i ster-
relsesorden 11 ar,

Var opmarksom pa, at der er sarlige regler for
opstning af malere i en boligforening, hvor
flere husstande sammen ejer et solcelieanlzeg,
Fa mere information hos dit energiselskab eller
hos Energinet.dk

KIFERTACET,

SOLCELLER INTEGRER 4
/B SBPASSAGEN, RYESGADE 42,
FOTC: CENTERFOR BYDESICN

Arkitektoniske hensyn

Som udgangspunkt skal du altid skal sege om
en bygeetilladelse hos Kabenhavns Kommunes
Teknik- og Milje-forvaltning, Center for Byggeri,
nar du vil opsztte solceller.

| den forbindelse har du mulighed for at rad-
fare dig med en arkitekt fra Center for Byggeri,
inden du valger din solcellelasning. Sammen
med arkitekten kan du finde fremn til en lasning,
der @statisk fungerer bedst pa din ejendom |
forhold til placering, sterrelse og farver mm,

Hos Center for Bygeeri kan du ogsa sperge
til gode eksemnpler pa solcelleanlzg pa ejen-
domme, der ligner din

Vaer opmaerksom pa, om din ejendom er om-
fattet af en bevarende lokalplan eller srlige
servitutter | 53 fald kan der vaere restriktioner,

\ERPA FACADE,
ERGGADES SKOLE,

Tel. : +45 44660099
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g@ldende bl.a. for solceller. Er din ejendom
fredet eller har den hoj bevaringsvaerdig? | sa
fald kan det have indflydelse pa, om du kan f&
tilladelse til at sztte solceller op eller pa placer-
ing, form og farve pa solcellerne og pa rammen.

Er bygningen fredet, skal du kontakte Kultur-
arvsstyrelsen. Se ogsa www.kulturarv.dk

Fra idé til realisering

Der er en raekke ting, du skal forholde dig til, nar
du overvejer solceller, og inden du henvender
dig til Center for Byggeri, for at hare om du skal
have en byggetilladelse til dine solcelier. Her er
et forslag til en rekkefslge:

+ Undersgg om der er mulighed for en god
placering af solcellerne pa din ejendom
Er der plads pa tag eller eventuelt facade
med tilstraekkeligt sol og uden skyeee-

SOLCELLER PATAG,
GULDBERGGADES SKOLE.
FOTO; CENTER FOR BYDESICN

pavirkning fra treer. bygningsdele, flag-
stanger mv?

Underspg, om din ejendam er omfattet
af en bevarende lokalplan eller sarlige
servitutter eller om den er fredet eller er
bevaringsverdig

Fa eventuelt lavet en skitseprojektering,
hvor ekonomi, vurdering af tagkonstruk-
tionen, teknik og a@stetik er pa plads
Inddrag en autoriseret el-installator eller
radgiver og arkitekt i planlazgningen. Ind-
hent flere tilbud.

Seg eventuelt om en byggetilladelse hos
Kebenhavns Kommunes Teknik- og Miljo-
forvaltning, Center for Byggeri

Ansag om tilslutning til nettomalerardnin-
gen hos Energinet

ok? Hvilken

ge hjemmesider eller
isationer
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Solceller omsatter solens straler til el
lllustrationen viser solenergiens vej fra solcel-
leme pa taget, gennem inverteren/vekselret-
teren, der omdanner strammen fra javnstrem
til vekselstram, ud til de elforbrugende appa-
rater | huset - eller ud pa elforsyningsnettet.

Krystallinske solceller

De solceller, som findes pa det danske marked i
dag, er nasten alle krystallinske og baseret pa
silicium, dvs. manokrystallinske eller polykry-
stallinske celler.

Monokrystallinske solceller bestar af ét silicium-
krystal, og er som standard sorte eller gra med
en ensartet averflade. Polykrystallinske solceller
bestar af flere store siliciumkrystaller, der giver
solcellen en "levende” overflade og et bidligt
farvespil. Glasset, der deekker solcellerne, kan
behandles, sa lysreflekser begranses betydeligt.

Derudover findes en raekke andre solcelletyper,
bla. tyndfilm, men disse fylder for @jeblikket ikke
sa meget pa det danske marked.

Placering af solcellerne

Pa vore breddegrader placeres solceller bedst
med syd med en hzldning pa 30-45 grader,
men 0gsa ost- og vestvendte solceller yder
acceptabelt. Solceller er saledes 0gsa velegnede
pa flade tage, og mest optimalt monteret med
en haldning mod solen. Ved en lodret placering
(90 grader), f.eks. pa en facade, forringes effek-
tiviteten med 20-40 procent, men til gengaeld
er effektiviteten sterre efterar, vinter og forar,
hvor solen star lavere pa himlen.

Et solcelleaniag er meget folsomt overfor
skyggepavirkning, og producerer markbart min-
dre strom ved skyggepavirkninger. Det er meget
vigtigt, at du placerer dit anl=zg, sa der ikke er
skyeger, der rammer det i lsbet af dagen. Sol-
cellepaneler er serieforbundne, og dette betyder
i praksis, at en skygee pa et mindre areal, kan
lukke for stramproduktionen fra et meget starre
areal. Det er derfor vigtigt at placere anlzgget
pa en flade, der er skyggefri i tidsrummet mel-
lemkl. 90817

Cenergia Energy Consultants
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HER FINDER DU
MERE INFORMATION

www.kl.dlc/borger/boligogbyegeri www.energinet.dk
Her kan du lzse om by behandling Her finder du information om tilslutning og
2lding til elnettet, herunder ansg
www.kbhicort.kk.dk -
2 i g pa
om bl.a. lokalplan
for dit omrade eller din ejendom

www.energitjenesten.dk k er brs 1
Energitjenests ¢

energibespz dvarende

finder du bl.a. fakta om solceller,

forbind

ere g
Seg pa "rapport om bygnings integreret energi
produktion”.
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RAD 0G VEJLEDNING
altningens

Her kan du

Hjemmeside og e-mail
aw 1k finder du ¢

Vi har dbent

man 3Tt

SAMMEN
OM BYEN

K@BENHAVNS KOMMUNE
Teknik- og Miljoforvaltningen
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Short presentation:

SOLAR CITY COPENHAGEN

En raekke offentlige og private aktorer pa solenergiomradet tog i 2004 initiativ til at stifte
foreningen Solar City Copenhagen.

Baggrunden for initiativet var et gnske om, at Kebenhavn skulle blive demonstrations- og
udviklingsomrade indenfor solenergianlaeg og energioptimeret byggeri.

Intentionen var desuden, at Kpbenhavn skulle markere sig nationalt og internationalt og
skabe grundlag for en erhvervsudvikling indenfor reduktion af bygningers energiforbrug
og integrering af solenergianlaeg.

Kgbenhavn havde pa dette tidspunkt en farende position med hensyn til kraftvarme via
et veludbygget fjernvarmenet. Vindmgller pa Middelgrunden bidrog til, at en lille andel af
energien kom fra vedvarende kilder, men hvad angik solenergi og energioptimeret byggeri
var Kgbenhavn bagefter i forhold til flere andre europaeiske byer.

Selv om der allerede var gennemfart en raekke udviklings- og demonstrationsprojekter af
bygningsintegrerede solenergianlzeg, var der behov for en gget indsats, hvis Kgbenhavn
skulle markere sig og veere et egentligt udviklingsomrdde for @resundsregionen.
Etableringen af Solar City Copenhagen skulle bidrage til en sddan udvikling.

Idéen til foreningen var en udlgber af samarbejdet i solcelleprojektet “Valby Solcelleplan’,
igangsat fire ar tidligere som et storskala demonstrationsprojekt af solcelleindpasning i en
eksisterende bydel. Idéen opstod blandt projektets deltagere som bestod af Kgbenhavns
Kommune, Valby Bydel, Kgbenhavns Energi, Cenergia, Kgbenhavns Byfornyelse.

Foto: Karin Kappel

Som et vartegn for Valby Solcelleplan blev udfgrt en gavludsmykning med 18 kW sorte
solcellepaneler og 150 mundblaeste lysstofrer, der lyser i mgrket. Den kan opleves nar
man passere med toget til Ksbenhavns Hovedbanegard.

lllustration: Anita Jgrgensen

Billedkunstner en fortzeller om sin skitse: et billede af et bykort, der signalerer en
pulserende strgm af menneskelig aktivitet og energi i de bagvedliggende omrader. Som
fortaller at dette sted er specielt og byen er naer, da neonlys er taet forbundet med
storbyidentitet.
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Inspirationen kom ogsa fra Solar Cities-initiativet, skabt af den internationale
solenergiforening (ISES) som et internationalt samarbejde mellem byer der arbejder med
solenergi. Her var byer som Freiburg og Oxford medlemmer, og i 2004 besluttedes af
Kghenhavns Kommunens Borgerreprasentation, at Kgbenhavn ligeledes skulle veaere
medlem, og dermed en “Solar City'.

T —— ;

Foto: Jakob Vestager Foto: Jakob Vestager
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Foto: Karin Kappel

Billedtekst: Solar City Freiburg

@verst: Bolighebyggelser opfgrt med tage af solceller i bydelen Vauban
Nederst: Solargarage Vauban. Traeebekladt garageanlseg med solcelle’tag”
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SOLAR CITY COPENHAGEN ETABLERES

Sommeren 2004 blev Solar City Copenhagen etableret som forening med vedtaegter og
bestyrelse. Et kommissorium beskrev foreningens hovedformal, som det at bidrage til en
baeredygtig og CO*neutral energiforsyning gennem etablering og udvikling af
solenergianlaeg, information og udbredelse af viden, samt samarbejder regionalt savel
internationalt omkring solenergiprojekter. | alle tilfeelde var fokus pa de arkitektonisk
velintegrerede Igsninger.

Disse mal skulle opnads gennem samarbejde mellem aktgrer som offentlige og kommunale
institutioner, private virksomheder, bygningsejere, investorer, producenter, radgivere,
forskningsinstitutioner, boligforeninger, og beboere.

SEKRETARIAT

K@benhavns Kommune finansierede et sekretariat til at drive "Solar City Copenhagen og
etablerede samtidig en VE-pulje til understgttelse af solcelleprojekter.

Sekretariatet blev oprettet med intentionen om, at foreningen gradvist skulle blive
selvfinansierende og dermed selvstaendig. Dette skete i Ipbet af de fglgende ar, og i 2010
flyttede sekretariatet fra kommunens lokaler til Arkitekternes Hus, hvor foreningen
samtidig blev landsdaekkende.

Foreningen har med tiden oparbejdet et vidtforgrenet netveerk med arkitekt- og
ingenigrfirmaer, kommuner, producenter, forsknings- og undervisningsinstitutioner,
miljgorganisationer, energiselskaber, Energistyrelsen, Teknologisk Institut, Akademisk
Arkitektforening, og en lang raekke andre.

Netvaerket er bade nationalt og internationalt, og spiller en vaesentlig rolle i foreningens
virke, herunder sekretariatets rolle som omdrejningspunkt for formidling og som
vidensbank. De navnte aktgrer udgar samtidig foreningens medlemmer.
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AKTIVITETER

Solar City Copenhagen gennemforer Ilpbende en raekke aktiviteter, med fokus pa
solenergi, energioptimeret byggeri og energirenoveringer. Der afholdes faglige studieture
indenfor Danmark og i europziske lande.

Ligeledes afholdes temakonferencer, ofte i samarbejde med projektpartnere og
arkitektskoler, med fokus pa specifikke, aktuelle problemstillinger og nyheder indenfor
omradet. Foreningen deltager i fagmesser om baeredygtig og energieffektivt byggeri med
udstilling og seminarer.

Foto: Lin Kappel
Billedtekst: Facade med tyndfilm solceller pa Kulturhuset Godsbanen. Studietur i Aarhus

PROJEKTDELTAGELSE

Frem til 2017 deltager Solar City Copenhagen i 10 projekter stgttet af nationale puljer.
Projekterne handler generelt om bygningsintegrering af solenergi, med fokus pa den
arkitektoniske kvalitet, og arbejdsomraderne drejer primzrt om :

- udvikling af nye byggekomponenter med solenergi

- udvikling af billigere tag- eller facadelgsninger med integreret solenergi

- solenergi i erhvervsomrader

- monitorering, malinger, opfalgning, ekonomi

Solar City Copenhagens primaere rolle er formidling og udbredelse af projekterne
gennem konferencer og publikationer, efteruddannelseskursus for arkitekter, o.l.
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DELTAGELSE | INTERNATIONALE PROJEKTER

IEA SHC TASK 41: Solar Energy and Architcture

Det Internationale Energiagentur (IEA) har netop gennemf@rt et 3-arigt projekt med
deltagelse af 14 lande, hvor malet var at udarbejde retningslinjer og vise internationale
eksempler med aktiv solenergi af hgj arkitektonisk kvalitet.

Solar City Copenhagen deltog fra dansk side i udarbejdelse af en hjemmeside, hvorfra en
raekke internationale eksempler kan downloades.

Resultaterne fra IEA SHC Task 41 findes pa: http://task41.iea-shc.org/
Bl.a. en international rapport om designvaerktgjer for solenergi i arkitekturen, og en

kommunikationsguide for arkitekter med henblik pa at fremme solenergilgsninger i
bygningsdesign i samarbejde med kunder og myndigheder.

Eksempelsamling af arkitektonisk integreret solenergi: website: kommer forar 2014
Innovative byggekomponeter med integreret solenergi:
www.solarintegrationsolutions.org/

o 'y
% )”o v 9’

Ny
- ‘M ).
3 “l"{ < ]
A

BILLEDTEKST:
Case Study Collection: eksempler fra hjemmesiden {Sverige, Vatikanet, Italien, Schweiz)
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IEA SHC TASK 51: Solar Energy in Urban Planning

Solar City Copenhagen er projektleder af den danske deltagelse i et projekt, der Ipber
2013-17, og hvis formalet er at udvikle strategier, metoder/varktgjer og retningslinjer,
samt indsamle gode eksempler, for at facilitere en gget anvendelse af solenergi i
byomrdder. Projektet fokuserer pa at forbedre integreringen af solenergii byplanlaegning,
med en hgj arkitektonisk kvalitet, der respekterer kvaliteten af den bymaessige kontekst.

En af de cases der skal indga i Task 51 arbejdet fra dansk side, er konkurrenceprojektet
om en ny bydel pa Carlsberg Bryggeriets grund. Det et gennemgaende princip for bydelen
er, at energiforbrug og energiproduktion kombineres, sa butikker, erhverv og boliger
udnytter overskud og underskud af el- og varme direkte. Den ngdvendige energitilfgrsel
herudover baseres pa solceller, solvarme og vindenergi. Bydelen har solceller pa alle tage,
og ni tarnhuse med tyndfilmsfacader, hvor der arbejdes med et tredimentionelt
facadeprincip for at optimere den energiproducerende overflade og samtidig skabe et
dynamisk udtryk. Facadesystemet opbygges af aluminiumrammer med enkelt lag glas
yderst og termorude inderst. | mellemrummet placeres solafskeermning i form af et
rullegardin. Tyndfilmssolcellerne placeres i den gverst vinklede rude, og som
solafskarmning for de bagvedliggende lokaler

Visualiseringer: Entasis
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SKITSEPROJEKTER

Solar City Copenhagens skitseprojekteringsordning er hjaelp til overvindelse af de fgrste
barrierer, ndr en bygningsejer overvejer solenergi. | den forbindelse afdeekkes spgrgsmal
som:

- er bygningen egnet arkitektonisk og konstruktionsmaessigt?

- hvilke muligheder er der, og hvilke Igsninger kan anbefales?

- hvordan vil anlagget arkitektonisk tage sig ud

- hvad vil anlzegget koste, og hvordan er gkonomien i det?

Skitseprojektet udarbejdes af professionelle radgivere som arkitekter og ingenigrer, og
udger et beslutningsgrundlag, som bygningsejeren kan traffe sit valg ud fra—er
solenergi "hot or not?

Boligforeninger, virksomheder, offentlige institutioner, flerfamilieboliger kan sgge, mens
enfamiliehuse ikke er omfattet af ordningen.

Foto: KK Andelsholigforeningen Sppassagen

Et af de allerfgrste skitseprojekter, hvor beboerne brugte det som afsaet til senere at
beslutte en total tagrenovering med solcelletag. Samtidig blev skitseprojektets
beregninger brugt som grundlag for ansggninger om gkonomisk stgtte i VE-puljer

Foto: Lange Eng
Billedtekst: beskrivelse fglger om nybyggeri med solceller toran facaden

Foto: Gladsaxe Radhus

Beskrivelse fglger om hvordan mange kommuner far solceller pa deres rédhus
_Cenergia Energy Consultants Tel. : +45 44660099 40
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BYGNINGSINTEGRERING AF SOLENERGI

Anvendelsen af solceller pa bygninger har i Danmark udviklet sig fra at veere et
selvstendigt og adderet element pa en allerede eksisterende bygning, til i dag, hvor det i
hgjere grad indgar som en del af et integreret bygningsdesign pa lige fod med en reekke
andre elementer, alle med formalet at reducere den enkelte bygnings behov for tilfgrt
energi.

Ofte blev solceller betragtet som blot et energiproducerende element, og uden zestetiske
overvejelser omkring samspillet med selve bygningen. Men de mange
demonstrationsprojekter giver inspiration til efterfglgelse, og her har is@r den danske
Energistyrelse spillet en stor rolle, da mange nationale programmer, projekter og
bevillinger de seneste 15 dr har haft fokus ogsa pa den arkitektoniske indpasning i den
danske bygningskultur.

@konomisk er solcellerne faldet voldsom i pris malt over tid. Det var dyrt ved starten for
20 ar siden og tilskud ofte ngdvendigt. Men det er stadig dyrt, hvilket skyldes at man i dag
i langt hgjere grad bygningsintegrerer solcellerne, og det medfgrer flere omkostninger
end blot indkgbsprisen pa det enkelte panel.

| dag er solenergi et ‘must’ i den kommende energirenovering, som den store, zldre
bygningsmasse star overfor, hvis bade lovgivningskrav og miljgmal skal opfyldes.

| kommunerne kraevede hvert enkelt anlaeg tidligere byggesagsbehandling. | dag har en
reekke kommuner har laves guidelines for hvordan man kan placere solcelleanlaeggene,
for at anspore bygningsejerne og samtidig sikre et vellykket arkitektonisk resultat.
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Foto: Adam Mark (lanes?) Principskitse: lAnes pa tegnestuen?
Billedtekst: eksempel pa integreret bygningsdesign (beskrives) Green Lighthouse
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Foto: Karin Kappel Foto: Karin Kappel

I 2000-05 gennemfgrtes en raekke udviklings- og demonstrationsprojekter med
bygningsintegrerede solenergianlag, der blev etableret med tilskud fra Energistyrelsens
Sol1000-program, Ksbehavns Kommunes VE-pulje eller EU-stgtteprogrammer.

Kunstakademiets Arkitektskole i Kgbenhavn var et af disse, og opnaede stgtte fra alle
tre. | forbindelse med ombygning af skolens kantine opstod idéen om veere delvis
selvforsynende med energi og der blev installeret solceller, og et solfangeranlag pa taget
til varmtvandsforbrug.

Kantinens rytterlys har sdledes 63 m? solceller integreret i glasset, der samtidig fungerer
som solafskaermning. | gavlene af rytterlystet er installeret en solcelledrevet
ventilationslgsning i form af fire jaevnstromsventilatorer til hhv. luftindtag og luftafkast.
Ventilatorerne supplerer den almindelige bygningsventilation og yder hver iszr 1.500 m*
luft i timen.
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| Kgbenhavn arbejdes aktivt netop nu med nye modeller og Igsninger af hvordan, man

integrerer solenergi i de eksisterende tage, og samtidig opna arkitektonisk hoj kvalitet.Et
af eksemplerne er det nye tag i Andreas Bjgrnsgade
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Et af de seneste eksempler pa bygningsintegrerede solceller i nybyggeri i Kgbenhavn

Copenhagen University City Campus. Photovoltaic roof: 33 kWp Modules with different
sizes: from 6 to 20 cells in one module.
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SOLAR MUNICIPALITIES: CASE COPENHAGEN

PV plan: 40 MW or 280.000 m2 photovoltaic in 2025
Copenhagen Municipality wants to play an active role in the building permits in order to
motivate and support people to install solar panels

Information about the possibilities of setting up of PV

Architectural guidelines for photo voltaic on rooftops
Solar Map

Cases with integrated solutions
(her kommer uddybende tekst, og flere eksempler)

Copenhagen
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SOLAR MUNICIPALITIES: CASE AARHUS

Soiar Aarhus

grge PVT medul 1800 mv integratad in facade

Pan JaMagabaact '

Her kommer tekst der beskriver projekterne
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SOLAR MUNICIPALITIES: CASE SKIVE

PhotoSkive

Et af projekterne Solar City Copenhagen deltager i, forgar i Skive Kommune, hvor
kommunens mal er at blive selvforsynende med varme og energi i 2042. Et af
elementerne til at opna dette er etablering af solceller pa kommunale bygninger, hvor
der forventes installeret 1,5 MWp. Samtidig afprgves en lang raekke forskellige
solcelleprodukter/systemer, med opfglgende maling og erfaringsopsamling.

Stikord:

The goal: CO2-neutral and self-sufficient with energy by 2029
PhotoSkive-project: 10,000 m2 of PV panels on municipal buildings:
Testing different solar cell types and products

Demonstration of the different options for placement
Demonstration and inspiration to the craftsmen and citizens
Training of professionals

Created approx. 25 jobs on solar cells in Skive

(her kommer tekst der beskriver projekterne)
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Solcellefacade Skive ny radhus (der kommer flere billeder, mere tekst til om projektet
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BOGER

Solvarme + Arkitektur 2010
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Energi + Arkitektur 2012

PUBLIKATIONER

hog e
A
[

Solenergi i Energirammen 2008
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Annex
Relevant links

A comprehensive annex report is available through the following link:

https://www.dropbox.com/sh/iu7h6rbko3yulgp/AACrgZZF FV5fMaPdhCpg6gba?di=0

This information will also be placed in the BIPV oriented homepage Cenergia and Solarplan is
preparing at this moment.

And in the following link you can get access to the small video film on the Sgpassagen PV-
project:

http://vimeo.com/98926904
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