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ABSTRACT

This paper is concerned with the transformation process of Ham-
mershus from an old ruin into a modern visitor centre that fulfill the
needs of today. The communication of the history of Hammershus
has been the focal point throughout the whole project. This includes
the history of the location, the original purpose of the castle and the
communication of the history of the new building. In the work with
the new visitor centre the transition from a busy tourist attraction
into spatialities, where concentration and contemplation is possible
has been in focus. In addition to the architectural principles, there
has been assigned to a sustainable approach.

The making of the visitor centre is based on Naturstyrelsens pro-
gram for a new visitor centre at Hammershus and take their requests
and demands as its starting point.



Jonas Holmgaard Hundebal

Hammershus New Visitor Centre
Thesis project, MSc4, ARK
Architecture and Design

spring 2013

Supervisor: Peter Mandal Hansen
Technical supervisor: Rasmus Lund Jensen
Copies: 4

pages: 123



INTRODUCTION

Naturstyrelsen did in 2012 get approval
from A.P Moller og Hustru Chastine Mc-
Kinney Mollers Fond til almene Formaal
regarding financial support on 92,5 million
kroner for a hole project that both preserve
and extend the presentation of the ruin of
Hammershus.

The project includes restoration of the
ruin (28 million kroner), building of a new
visitor centre (64,5 million kroner) and
demolition of existing buildings in front of
the ruin. In this way Naturstyrelsen wants
to make modern surroundings for com-
municating the stories about Hammershus
and the landscape near by, concurrent
with preserving the ruin. (Naturstyrelsen,
2012:1)

Ist. of April 2013 a closed competition for
building began. This 10th. Semester project
will be based on the competition. The

site however has been moved from where
the competition is held. Instead the new
site is on the top of the cliff in the ruin of
Hammershus. This is done to, as described
in the report, make a more central placed
Visitor Centre. In this move the project has
to deal with clash between old ruin and
modern visitor centre.

Through out the whole project the main
words are presentation and communica-
tion. These words are both representing the
museum and its exhibitions and also the
building itself.

Besides the architectural part, the building
devolpment also has a technical dimension,
in which the technical numbers meats the
architectural visions. This technical part

is incorporated in to the the projectin a
integrated process.
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To fulfil the demands for the new visitor
centre at Hammershus both architectural
and technical solutions are needed. To
combine both approaches an integrated
design process is necessary. To organise
such a process Mary-Ann Knudstrup has
developed a method called Integrated De-
sign Process in problem-based learning.

“In this model the traditional
architecture and engineering disciplines are
split into different components, and some
of the components from engineering are
combined with the architecture compo-
nents into a new method. This is what I call
the Integrated Design Process.”

(Knudstrup, 2004:3)

Mary-Ann Knudstrup continue and put
this quote in to a scheme. In the scheme the
project phase starts with an idea or a prob-
lem and then runs through different phases
before ending up with a solution (Knud-
strup, 2004:4-7) as shown on Ill 3: Design

DESIGN METHOD

Method. The integrated design process is
not a continuous process, where you move
in a strait line from A to B, but instead a
process, where you make iterations of the
project several times. In this iteration you
take different points of view. This is done to
secure that both the architectural part and
the enginering have an effect on the final
product. And specially the skecthing phase
is important in integrated design.

“The Sketching Phase is the
phase where the professional knowledge of
architects and engineers is combined and
provide mutual inspiration in the Integrat-

ed Design Process.”
(Ibid)

To fulfil the best integration of both archi-
tectural and engeneering approaches to one
solution: A New visitor centre. This project
therefor works with the method made by
Mary-Ann Knudstrup in a process simular
to the one shown on illustration 3.

PROBLEM
OR IDEA

In this report the most important iterations
are shown. This is done for better com-
munication of the final product. For clarity
the integrated design process has been

cut down to three overall subjects. These
subjects are also the main paragraphs in
this report, that is Program, Design phase
and Presentation.

ANALYSIS SKETCHING

—>| SKETCHING =P

SYNTHESIS

——3»(PRESENTATION
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I1l. 3: Design Method (Knudstrup, 2004:4)



SUSTAINBLE APPROACH

In the later described “Overall compe-
tion demands”, one of the goals to reach

is to create an eco-friendly visitor centre

at Hammershus. Within the word eco-
friendly is also thought of a sustainable
dimension. Sustainability therefor plays a
part in the design of the new visitor centre.
In order to integrate sustainstainability in
the design, it is important to increase the
exact definition of sustainability:

In October 1987 UN released the Brundt-
land report. The Brundtland report should
among other things try to define sustain-
ability. The report contains hence the
nowadays most used definition of sustain-
able development:

“Sustainable development is development
that meets the needs of the present without
compromising the ability of future genera-
tions to meet their own needs”(UN, 1987).

This definition has since 1987 gone
through a change, and is today divided

Social

in to three approaches: environmental
sustainability, economic sustainability and
socio-political sustainability (Sustainable
development, 2013).

The relation between the three pillars
should not be seen exclusively, but as a
mutually reinforcement of each other

with an equally focus. In the centre of this
reinforcement sustainability then exists (see
illustration).

On basis of the three approaches there has
been made a report called “Kortlaegning af
beredygtigt byggeri, (Birgisdottir, Mortens-
en m.fl,, 2013)”. This report describes the
approaches from an architectural point

of view. Based on each approach is then
described factors that relates to exact these
approaches.

An example could be:
The economic approach:

-Building where area utilisation is optimised
(Birgisdottir, Mortensen m.fl., 2013:10)

I1. 4 Sustainability

From these the factors relating to each of
three approaches have I then chosen the
most relevant goals for creating a new visi-
tor centre on Bornholm and rewritten them
in to a relevant context where it is needed.
As a rule all factors is equal an needed

to create sustainable architecture in the
definition of Birgisdottir and Mortensen,
but for this project I have left out some
factors. This done because, many of these
factors first gets incorporated on a higher
detail level than this project will relate to.
For instance relting to the environmental
approache

- Byggeri hvor brug af farlige kemikalier
er reduceret eller undladt. (Birgisdottir,
Mortensen m.fl., 2013:10)

Therefor will the sustainable approaches
and factors defining this project be as listed
on opposite page.



IIL. 5 Nature at Bornholm

The environmental approach:
- As low energy use as possible without negative consequences for the
architecture.
- For limitation of the energy use in the visitor centres preface local materials is used if possible.
- If possible recycling of the existing buildings is used.

The social approach:
- Flexibility of the building, so that the use of the building can change in the
future.
- Good comfort in relation to indoor climate.
- Architecture where experiences and use are supported by great architecture and good outdoor
facilities.

The economic approach:
- Optimisation of the use of square metres.

11






The following paragraphs are a part of the
analysis and are used to understand the
context in a more detailed way. As a part
of the program every paragraph has it one
conclusion, where it is described which
effected the concluded have or will have on
the design of the new visitor centre.
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OVERALL COMPETITION

DEMANDS

In the competition program from Natursty-
relsen (Naturstyrelsen, 2013:13-17) a list

of demands to the new visitor centre are
lined up. These demands both relate to

the overall demands and the more specific
demands. As written in the following “gen-
eral request’, “presentation and communi-
cation concept” and “environmental and
technical demands” texts in this paragraph
the demands cover the overall demands re-
lating to the new visitor centre. From those
demands three overall demands stand out.
These demands for the new visitor centre
are by Naturstyrelsen chosen to be:

- The relation to landscape and the exist-
ing ruin and hierarchy between those

General requests

-The communication and presentation in
the new visitor centre

-A sustainable profile

These three subjects will therefore be the
main subjects for the new visitor centre.
Therefor it is also those three subjects that
are investigated later in the program. When
only these three themes are described as
this point in the report, it is because, they
define the overall thoughts related to the
new visitor centre as described by Natursty-
relsen. In the following program phase

the detailed demands from Naturstyrelsen
will be described. This among other things
counts the specific room demands and

square metres.

Texts are translated from the program; send
out by Naturstyrelsen (ibid). Some parts

of the texts have been left out. This is done
because, it is on a detail level this project
won't reach.

The visitor centre has to place itself into a hierarchy between Hammerhus and the surroundings. The landscape and its sur-
roundings are the fundamental elements in the experience of the area around Hammershus. The experience of the dramatic
landscape is compounded by the fact that Hammershus is placed in a higher level and therefore dominates its surroundings.

Furthermore it is requested that the visitor centre is designed to accommodate 300 visitors at a time. This means that the spati-
alities have to be proportioned and orchestrated in such a way that the visitors are guided through the exhibition in an eventful,
pleasant and appropriate way.

Presentation and communication concept

The visitor centre should respect the castle as the dominating centre in the area and therefore it has to support and supplement
the visit by providing an overview and create a link between the castle and the landscape.

In this way the visitor centre should function as a portal that gives a common introduction. The communication of the histori-
cal material should be represented in a way that activates the visitor through association and interpretation. At the same time,
the visitor should gain insight into factual information and closed conclusions that give an anchor. The communication should
be differentiated so that visitors with diverse qualifications will win by the visit.

The visitors should be challenged through their fantasy and creativity so that a dialogue between the visitors and the attraction
will be established. It is important that the spatialities of the new visitor centre are as flexible as possible and they should appear
attractive and workable. Furthermore, there should be vast possibilities for flexible use of digital techniques. The solutions for
illumination should create an interaction between dark and bright panoramic parts, which creates a link between the castle and
the communication of it. The visitors should have the experience of being invited into the castle from the exhibition and the
other way around.

Environmental and technical demands
The visitor centre should be realised through eco-friendly project design. The design should furthermore account for the tech-
nical possibilities and demands for realising the specific building in low energy demands 2015 and 2020.

There must be implemented a green energy solution, which reduce the burden of the future budget. The ventilation should as
far as possible be based on mechanical helped natural ventilation.

Heating should be based on rock heating.



Bornholm, the place for the new visitor
centre, is a Danish island in the beginning
of the Baltic Sea, south of Sweden, and
north of Poland. The main industries on
the island include fishing; arts and crafts
such as glass making and pottery using
locally worked clay, and dairy farming.
Tourism is important during the summer.
The topography of the island consists of
dramatic rock formations in the north
sloping down towards pine and deciduous
forests (greatly damaged by storms in the
1950s), farmland in the middle and sandy
beaches in the south.

Bornholm Regional Municipality covers
the entire island. Bornholm was one of

the three last Danish municipalities not
belonging to a county— the others were
Copenhagen and Frederiksberg. On 1st.

BORNHOLM AND

of January 2007, the municipality lost its
short-lived (2003 to 2006) county status
and became part of Region Hovedstaden.

Strategically located in the Baltic Sea, Born-
holm has been fought over for centuries.
It has usually been ruled by Denmark, but
also by Liibeck and Sweden. The Ham-
mershus castle ruin, at the northwestern
tip of the island, is the largest medieval
fortress in northern Europe, testament to
the importance of its location. Every year
between 300.000 and 400.000 people visit
the ruin. It is the most popular attraction
on Bornholm. (Wikipedia, 2013a)

At Hammershus there is at the moment an
existing exhibition. The existing exhibi-
tion consists of an informative exhibition.
The space for the exhibition area is about

HAMMERSHUS

150 square metres and contains models,
planches and an open auditorium for
teaching of school classes. Approximately
20.000 people visit the exhibition every
year. (Bjerregaard, 2013)In the farm is also
placed toilets for the visitors of Hammer-
shus and a small restaurant that serves
small menus and sell souvenirs.

When the new visitor centre is build, the
existing farm is going to be removed, and
the spatiality’s from there will be moved to
the new visitor centre.

IlL. 6: Bornholm




HAMMERSHUS AS CASTLE

AND RUIN
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To create the best communication and
presentation in the new visitor centre it

is important to know the story of the site.
This can also help define the very exact
spot where to build the new visitor centre.

Hammershus was built in the early 13th
century. The castle played an important
role in the many conflicts between the
archbishops and the kings through the 13th
and 14th century. Several times the king
did conquer Hammershus, but every time
he had to give it back to the archbishop
more or less willingly. Last time was in
1326 when Valdemar Atterdag gave the
castle to the bishop. In return the king did
demand the bishop to give back Ham-
mershus, when the king wanted it so. This
happened in 1522

As lord of Hammershus the archbishop
could collect taxes and fee from the islands
farmers and craftsmen. This was normally
done in provisions and working hours.

In 1526 LiibecK’s captured Bornholm and
the castle after a series of attacks. The
Danish king then gave the Liibeck’s Ham-
mershus in security for protection. Then
the Liibecks themselves was interested in
keeping Hammershus up to date. Due to
new advanced military the Liibecks did
then build the half round towers(Ill. 4),
upgrade wall the inner walls and left the
outer walls.

The deal including the security ran out

in year 1576 and Hammershus got back

on Danish hands. For a short period in

the 17th century the Swedish occupied
Bornholm. Hammershus retained its role of
defending Bornholm right up until the end
of the 17th century, when the defence of
Denmark’s easternmost territory passed to
the defences on Christianse and at Renne.
Illustration 8 pictures how Hammershus is
thought to look like before it was aban-
doned.

In 1743 Hammershus was finally aban-
doned and was at that time already run-
down. Hammershus did then end up as a
giant pit, where the people of Bornholm

were free to gather building materials. In
1822 the ruins were put on the national
historic register. And was from that time
preserved.

Hammershus is the biggest castle ruin of
Northern Europe. As the castle appear
today is a result of hundred of years of
additions, modifications, demolitions and
disrepair. The time around 16th century
was the glory days of the castle. At that
time the castle was a big complex with a
central fortress surrounded by three pre-
castle walls. Inside the walls Hammershus
contained a bunch of different functions.
There were warehouses, stables, workshops,
brewery, bakery, church, and buildings for
soldiers, servants and family. Together all
these functions became a self-sufficient
unit. (Miljeministeriet, 2007)

For summing up the history of Hammer-
shus can be divided into five periods:

1. Period under Danish king and the
archbishop of Lund. - From beginning of
13th century until year 1522

2. Period under the Liibeck’s. From year
1526 until year 1575

3. Period under the vassel. From year
1576 until beginning of 18th century

4. Period when abandoned. From year
1743 until year 1822

5. Period from preservation to now. From
year 1822 until today

In creation of the new visitor centre there
should therefor be made room to commu-
nicate the story of all five periods.
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11l 8: Hammershus as it assumed to look like before it was abonded.
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An investigation of the topography can
help to understand the landscape and how
it was used in the making of Hammer-
shus. The way the landscape was used can
therefore help to define, how the landscape
should be used in developing the new
visitor centre at Hammershus. So that the
coming visitor centre will live up to the
competition demands.

Topography of the landscape

The topography is at the site very rough.
The ground rises from sea level to a height
of 74 metres at the highest point inside
ruin. In general the plateau where the ruin
is build is raised on a solitary hill. North-
east of the ruin is a big green field, which
today is experienced as a flat ground. This
area is placed 55 meters above sea level. It is
in this area the visitors arrive today. South
and southeast of the ruin is a small gorge
called Molledalen. Molledalen rises from
sea level in southwest to the same level as
the green field in northeast.

The ruin vs. the topography
Hammershus is carefully placed on top

of the plateau and following the existing
topography on the site. The precastle wall is
to the north placed exactly where the steep
inclination stops. To the west there is no
precastle wall only the inner wall placed in
the same way as to the north exactly where
inclination stops. Against east the inner
wall is placed where inclination stops and

0

the precastle wall is placed on the steep-
est place. This also counts the southern
inner and precastle walls. In this way it
was made more difficult for enemies to
conquer Hammershus. Inside the inner
walls is placed a small hill, and on this hill
is the most important building of the castle
Mantelgdrden placed. This both marks the
hierarchy of the castle, and gives the tower
of Mantelgarden a better overview to the
areas surrounding Hammershus.

The green field (2) is also believed to be the
main area, where enenys did settle down,
when they did conquer the castle by siege.
(Bjerregaard, 2013)

Summery

If the new visitor centre should fit in to

the surroundings at the ruin it is therefore
important to place the centre with same
carefulness in to the landscape. The place-
ment is also very important in proportion
to the hierarchy. If the centre should fit

in to and not overtake the hierarchy it is
therefore important that, Mantelgarden still
is the highest building.

1: Hammershus ruin 74 meters
above sea level.

2: Green field 55 meters above
sea level.
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111. 9: Hammershus
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INFRASTRUCTURE AT HAM-

MERSHUS

For having a better knowledge about how
the tourist arrive at Hammershus, what
they experience when arriving, and there-
fore what to underline in the new visitor
centre the infrastructure has been mapped.

Hammershus is placed on the north-west-
erly part of Bornholm close to Sandvig and
Allinge. It is possible to arrive at Hammer-
shus in different ways.

After arriving at Bornholm by either ferry
or plane. Arrival to Hammershus can either
be done by car, bus, foot or bike.

By arrival the tourists are directed from
the parking areas for bikes and cars in east
(1a) or the bus area also in the east (1b).
From there visitors walk to the present
visitor centre (2) and further on over a
small hill to the bridge (3). The road from
the parking areas passing the the present
visitor centre towards the bridge and all the
way to the castle is one of Denmarks oldest
medieval roads. Due to defenceive reasons
the road is turning, so that it is more def-
ficault to attack the castle. The bridge (3) is
also the original arrival point for Ham-
mershus castle and marks at the same time

-—— -

~

~ —— -

the entrance to where the actual buildings
of the ruin begin. Despite that this route
marks the original arrival it also gives an
overview of the ruin.

(Miljeministeriet, 2007: 2-10)

From the bridge the path leads up to a
natural view point (4) from where tourists
can get a clear view of the harbour of Ham-

-~

la - Parking area for cars and bikes

1b - Arrival by bus
2 - Exist,ing visitor centre

3 - Bridge for entering Hammershus

4 - Natural viewpoint
5 - Inner courtyard

mer. After the view tourists enter the inner
courtyard (5). The hierachy of the inner
courtyard is described in the next para-
graph: The Hammershus Ruin.

With the knowledge of tourists arrival
route, it would be natural to place the new
visitor centre along that route, so that they
will get a natural contact with the new visi-
tor centre.

-




” 1L 13: View from parking
towards Hammershus. The
existing restaurant and mu-
seum seen o
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A BIRD’S EYE VIEW OF
HAMMERSHUS

The bird’s eye view shows ruin as it is to-
day. The picture should create an overview
to the ruin before more specific details are
analysed.

On the picture the half-rounded towers
build by the Liibechs in the walls of Man-
telgarden and in the walls surrounding the
inner courtyard is visible.

On the picture it is clear to see that Mantel-
garden stands out as the natural centre of
Hammershus.







THE HAMMERSHUS RUIN

Hammershus ruin is divided into four dif-
ferent zones. Zone 1 is the outer zone, where
the external defences was placed. The exter-
nal defences were given from nature by the
impassable hill. Zone 2 is between the pre-
castle walls and the inner walls. It is placed
just before the drop in the terrain to give
the best overview to the surrounding areas.
Around year 1600 the precastle walls were
given up. Zone 3 is the inner courtyard.
Zone 4 is the natural centre of the ruin; it
is the area around and inside Mantelgarden.
The reason that Mantelgarden turns out
to be the natural centre for the ruin, is as I
see it due to three factors: 1: The placement
on the hill as described in the paragraph
Topography. 2: It's placement in the centre
with free access all way around. 3: Man-
telgarden’s buildings especially the tower,
which is the highest point at the ruin. When
Mantelgérden is the natural centre it means
that every visitor will at some point visit
and see that building/area, when they visit
Hammershus. The importance of Mantel-
garden can also be seen in the thickness of
the walls, where Mantelgérden at someplace
has a thickness of more than 2 metres. The
average thickness of the walls is between
0,8 metre and 1 metre (Miljeministeriet,
2007:10 &14).

IlL. 17: Hammershus

When placing the new centre at Hammer-
shus the zones play a role in hierarchy be-
tween the new centre and the existing ruin.
If the visitor centre is placed in zone one. It
will be the first thing the visitors meet, and
the centre will therefor stand out for it selves
without fitting in to the ruin. The centre will
in this way overtake some of the attraction
from the ruin. Placing the centre in zone 2
the same factors as in zone 1 are present. If
the new centre is placed in zone 3, the visi- ©
tors have the possibility to fit in to the hier- [
archy. The visitors will then experience the {
centre as part of the ruin without overtaken
| it from Mantelgaarden in zone 4. If the cen-
| tre is placed in zone 4 it will be a part of the
§ ruin and stand out as the most important
place in the ruin.

Relating to zones it would therefore be best
to place the building in zone 3. In zone 3 it
will have the possibility to fit in to the hi-
erarchy and in this way make the existing
buildings tell the story of the site.

11 16: Hammershus".s



BUILDINGS IN THE
HAMMERSHUS RUIN

14§ lt)

), R
1: The outer castle wall )= !
11

2: The inner castle wall
3: Court building (Tinghus) A

4: The new cellar for butter \
5: The old cellar for butter CL
with a battery on top

6: The main gate

7: The big warehouse for storing taxes and fees

8: Stable for riding horses

9: Stables for draugth horses and warehouse

10: Living house for vice commander and artillery
11: Scullery containing brewery, bakery and more.
12: The fox tower, build by the Liibecks and containing
a battery. It is build on top of an old entrance, the sea
gate.

13: The Swedish hole, the rumours says that the swed-
ish did force their way in here in the capture in 1645.
14: Dog tower, served both as a prison tower and de-
fence.

15: Blommetarnet, used for prisoners and the best
preserved building.

16: Mantelgarden, see details on following page.

IIL. 18: Hammershus
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MANTELGARDEN
IN DETAILS

Underneath is a detailed scheme that tells
which type of rooms Mantelgarden did
contain, and where they were placed. The
type of rooms such as the chapel and the
king’s private champers do also underline
that Mantelgarden was the most important
building at Hammershus. In a storytell-
ing perspective it is therefore important

to keep Mantelgérden’s overall expression,
so that visitors can experience the story of
Hammershus as said in the competition
demands.

1: Milk room
2: Reserves
3: Reserves
I1L. 19: Hammershus 4: Kitchen

5: Watergate

6: The big kitchen with living area on top
7: Castle room, living area for serving
personal

8: Hallway for church

9: Chapel with the kings private cham-
bers on first floor.

10: Manteltower, containing:

Administration of the island
Representative offices
Living Area

Prison

Storage



FLOW DIAGRAM

The pink line marks the main route inside
the ruin of Hammershus. That is the route
that most visitors are disposed to choose in

their way around the ruin. At this point many arriving Allmost every tourist arrives
The mapping of the route is based on an visitors stop at the benches and from the parking area by the
interview with the nature guide at Ham- enjoy the view. The main part of original medieval road crossing
mershus, and my observations of visitors of the arriving visitors follows the the bridge. Only a few percent
Hammershus. road to the main entrance, with arrive from walking paths at the
visitors leaving the ruin having a seaside. :
If the new visitor centre should be a natural bigger tendency to walk outside \
the path. \

part of the ruin it should therefore be
placed close to the flow. At the same time
if the visitor centre should help the tour-
ists understand and experience the ruin it
should be placed early on the route of flow.

From the main gate visitors
continue straight forward. The
mainly reason is the buildings

on the left dragging people, and
the topography forming a natural
path.

Here many visitors take a view
towards the parking area in the
east before continuing on the
natural path.

From here the visitors are natural
divided in to three groups. One
group walks into the stables
against south. A second group
follows the path straightforward
and walks between the southern L/ 1L 20: Hammershus
inner wall and Mantelgarden. ’ T

The third group walks to the ’
tower of Mantelgarden. ’

Visitors will at this point walk
to Mantelgarden, if they haven't
been there. If they arrive from
inside Mantelgarden, they will
walk to this point, due to the
stunning view.

27



Il 21: Panorama 1 - The Inner Castle Yard

IIl. 21: Panorama 2 - Mantelgarden




PANORAMA
PHOTOS

The panorama photos help to define the
experience that visitors will get, when
arriving at Hammerhus, and can therefore
help defining the site for the new visitor
centre.

Mlustration 15 shows the visitors view
arriving to the inner court. From the view-
point it is clear that Mantelgérden stand
out as the central area in the ruin, this be-
cause the location in the centre of the ruin,
and because the ground is rising itself a bit
towards Mantelgarden. At the same time

it is clear to see that most visitors continue
by the path on the left side past the big
warehouse.

Mlustration 16 and 17 visualise the feeling
of being inside the ruin of Mantelgérden.
From the centre spot Mantelgérden appears
today very closed and orientated inwards
to itself. The remaining outer wall of
Mantelgaard has heights between 4 and 9
metres, so when visitors stand inside Man-
telgarden it is almost impossible for them
to look out in the surrounding landscape.
Only through the entrance seen on illustra-
tion 17 it is possible to get a small view

to the surrounding area. This orientation
inwards gives the tourists a feeling of being
lonely, and the people inside Mantelgarden
would not register the visitors outside
Mantelgérden in the inner courtyard.

With the panorama pictures in mind the
new visitor centre should be placed either
on the dircet right after entering Hammer-
shus in the far east corner next to Blom-
metarnet or in Mantelgarden if the visiter
centre should be seen by arrival.

Il 21. Panorama overview
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AUDIENCE AND
OPENING HOURS

T

The target audience for the new visitor cen-
tre is defined by the people already visiting {
Hammershus and by the spatial program.
The target audience includes therefore
families, couples and singles visiting Ham-
mershus as tourists, people with interest

in the unique nature at the site and school
classes. They all have in common the fact
that they will only visit Hammershus in the
tourist season from May until October. In
addition to the tourists a number of local
people and walkers will visit Hammershus
all year (Bjerregaard, 2013).

This means that the opening period for the

new visitor centre is from May to October,
but because of the fact that the ruin is visit-

ed all year it should always be accessible to
the public, and there should be a possibility
for visitors to seek shelter and have access
to toilets. The shortened opening period
also have a positive effect on the energy
use, because the building dosn’t have to
warm up to comfortable temperatures in
winter period.

I11. 23: Tower - Mantelgarden




SPATIAL PROGRAM

In the following text a description of the diferent functions that will be a part of the new
visitor centre is made. This description is based on the program for the competition
(Naturstyrelsen, 2013:16-17), interview with employees (Bjerregard, 2013) at Hammershus

and own observations.

The following descriptions include an explanation of the existing conditions, and future

needs and wishes.

Exhibition area

The exhibition area will be used to intro-
duce the visitors to the past of Hammer-
shus.

This area has to allow installations of

the newest technology meaning that the
exhibition is thought to also contain digital
material though this isn’t specified further.
Including in the exhibition is a need for a
reception and a place to sell tickets.

Classrooms

School classes is often visiting the ruin
where schoolchildren will get an intro-
duction to the history of Hammershus.
Therefor two classrooms with space for

30 persons each are needed. The two
classrooms should have the potential to be
made in to one room, so that the room can
be used for conference.

In the inverview Bjerregaard did express a
wish to have direct view to the ruin from
the classroom, so that showing the ruin and
not only the pictures can done during the
teaching lessons.

Function

Exhibition area

Classroom
Restaurant/cafe
Practical issues

Restaurant/cafe

In relation to the new visitor centre a space
for up to approximately 150 guests is re-
quired. Together with the restaurant is also
the need of a kitchen area, changing room
for staff and storage for food.

From the restaurant it should also be pos-
sible to serve the classroom area.

Leasing the café is planned. The café should
therefore have possibility to open outside
the exhibition area’s opening hours.

Practical issues

Hammershus is as earlier mentioned a
popular place to visit with up to 400.000
tourists a year. Therefore the practical func-
tions are essential to ensure a better visit.
These functions will for instance be toilets,
rooms for storage/wardrobe, technical

area, storage room, entrance and a space to
shelter for the passing rain. Last mentioned
can be an outdoor area also used as meet-
ing point. In the programs a need for toilets
open outside opening hours are expressed.

08:00-18:00

Time of use
10:00-18:00

8:00-16:00
11:00-21:00
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WEATHER
PARAMETERS

Sun

The average yearly sun hours for Denmark
as a whole is 1495 hours, but it varies from
year to year. On Bornholm the normal
yearly sun hours are approximately 1600
hours, a fact that underlines Bornholm’s
brand as The Sunny Island. (DMI, 2013a)
Looking at the sun chart it can be seen, that
the angle from where the sun rises to where
it sets changes remarkable throughout the
season from may to October where the visi-
tor centre should is open. In the most vis-
ited period from June to July it is important
to notice that the sun sets in northwest. It
is therefor necessary to orientate the new
visitor centre in that direction if a sunset

should be seen. s Ne o
Date for sun angle:
. 21st June

Rain

The annual rainfall every year is a average st May

of 760 mm. of water for Bornholm. For the e

280°

rest of Denmark the average annual rainfall
is 712 mm. For the time of year when
Hammershus is visited the average number
of rainy days is between 7 and 10 days a -
month. (DMI, 2013b)

With approximately 10 rainy days a month
it is important to make an area, where the
tourists can seek cover for the temporary
showers.

-~ 1st October

. 21st December

* 111 24: Sun diagram

Temperature

With daily outdoor temperatures in the
opening period that varies between 13
degrees in April as the lowest temperature
and 22 in July as the highest temperature,
the visitors will therefor both be wearing
summer clothing as shorts and t-shirts and
more warm clothing in spring and fall. The Jan'| Feb | Mar | Apr |{May | Jun | Jul ||l Aug |} Sep | Ote' | Nov | Dec
indoor climate in the visitor centre has to Rain (mm) | 59 | 53 | 62 | 53 | 62 | 74 | 71 | 66 | 57 | 61 | 69 | 73
reflect that. Rainydays | 13 [ 10 [ 12 | 1n | mn |1 |[1o]w0of o o] 12|13
As seen on the weather diagram the night Daytemp. | 4 [ 6 | o [ 1317 [20]2[2]w|[15] 9|5
temperature will in wintertime be below
freezing or very close to freezing tempera- Nighttemp. [ -1 | 0 | 2 | 4 | 8 |1l |12 )12 10 7 | 3 | O
tures. This should be noticed so that frost Sunhours | 42 | 71 | 98 | 141 | 187 | 176 | 183 | 175 | 134 | 108 | 58 | 38
in the exhibition will be avoided.

111 25: Weather diagram



SECTION AND HEIGHTS OF AND

Illustration 26 shows a section of Mantel-

garden and Hammershus inner courtyard.
The section is used to give a better under-
standing of the Hammershus area.

The heights in the existing ruin of Man-
telgarden reaches up to 17 metres above
Mantelgérden’s courtyard level. This is the
tower of Mantelgarden. The wall heights
in Mantelgarden vary between 6 metres in
general, and up to 9 metres in a small part
for the northern outer wall. The southern
outer wall varies between 4 metres and 6
metres above courtyard level.

The northern inner wall reaches 1,5 metres
above courtyard level. The southern inner
wall reaches 3 metres above inner court-
yard level. The inner castle wall to the
south is one metre high. For the inner walls
to the east, west and north, which is not
seen on the illustration, they vary between
one and three metres in height. And in all
walls there are pieces, where the walls go
down to a height of one metre, so visitors
can have a look outside the ruin. From in-
side Mantelgarden it is not possible to look
out, due to the high walls. Instead visitors
enter to a kind of pupa.

If a new section perpendicular to the
section on illustration 26 were made, the
section would tell the same story of Mantel-
garden as a closed pupa on top of the hill,
therefore only on section is made. But on
the following pages a map defining wall
heights of the remaining walls of Mantel-
garden is made.

On the section it is also possible to see
the hierachy within the ruin as described
earlier.

IN MANTELGARDEN

111 26: Section overview

B Metres above courtyard level
91m /17 m

B Metres above sea level

81m/6m

' . 755m /1,5m
74m/0m

=‘_‘-‘-H..L 72m/-2m
69m /-5m

111 27: Section overview



WALL HEIGTHS AT
HAMMERSHUS

This illustration is a continuation of the
section. The illustration shows the different ’
wall heights of the walls at Hammershus.
This is done to investigate, where it is pos-
sible for visitors to have a look outside the
ruin, and where the visitors will step into a
kind of pupa or only can orientate towards
inside the ruin and not outside the ruin.
In general it can be said, that wall heights
above 1,75 metre doesn’t allow the visitors
to have a look past the given wall.

With this knowledge it is possible to see
that Mantelgarden has the possibility to
create a room where the visitors can con-
centrate on the exhibition without getting
disturbed by other tourist. At the same
time Mantelgarden has the limitation, that
it doesn’t allow views to surrounding areas
without removing parts of the original wall.
Mantelgérden does also have many small
walls that use define rooms, these walls
will therefore complicate the new room
program.

On the illustration it can be seen, that the
stables to east marks an area, but does still
allow view towards and away from the area.
If building on the stables it would there-
fore be possible to create views where it is
wanted. The stable is also a big open area
without many remaining walls to com-
plicate the room program. From a height
point of view the stables will therefore give
the possibility for creating a new visitor
centre more freely without limiting walls.

Wall Heights:
B Below 1,5 metres

[ 1,5 - 3 metres

[] 3 -4 metres
B 4- 6 metres
B 6 -9 metres

B 17 metres
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NATURE AND
VEGETATION

Hammershus is placed outermost on a
natural protrusion surrounded by The Bal-
tic Sea to the west, a gorge to the south and
a stony beach to the north. This all makes
Hammershus appear as a rugged and
reclusive area. To the east a flat green area
surrounds the ruin. This area does by itself
welcome and invite to picnic. But because
it neighbour the rock, it underlines the
impression of a rugged and reclusive area.
This is also underlined by the small, and
from long distance not visible, gorge. At the
gorge the earlier described bridge connect
and underline two different kinds of the
nature experiences within the area.

The earlier described bridge also under-
lines the different vegetation and different
experience in the two areas. The flat area
is covered by low vegetation, be it different
types of grass and small bushes. The same
low vegetation covers the ruin area on the
other side of the bridge, but in that area the
rock also gets visible. This exposure makes
the area appear more rugged. The small
bushes in the ruin area are also dominated
by yew, which do not appear very welcome
due to its needles.

From the top of the rock, there is a mag-
nificent view to all corners of world, and
from there the different kind of nature to
each direction is even clearer.

The nature at Hammershus has changed its
characteristics several times. Original there
was a lot of high trees in the area, this also
includes the now a days bare flat and hilly
area. When Hammershus was build many
trees in the nearby surroundings were used
for the construction, and the area ended
up flat and bare. Later when the castle was
abandoned the trees grew up again. These
trees are now removed, because Natursty-
relsen wants an area that reflects the days
of glory at the ruin. At the same time
Hammershus today is turned into a centre
for different small plants among them also
preserved types. The hill facing south is for
instance one of the places in Denmark with
most different types of vegetation. This is
because the orientation towards the sun
and because the hill has newer been used
for agricultural purpose. On this specific

hill exists a variation of more than 300 dif-
ferent types of plants. (Bjerregaard, 2013)

With a nature as described underlining
the rugged and reclusive impression of
Hammershus the new visitor centre should
allow the visitors view to the magnificent
nature. Especially the story about the hill
facing south should be told.

e,
I11. 29: The western seaside

L

I1l. 30: The flat green area to the east




I1l. 34: The bridge between the flat green area and the rock.
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PROGRAM SUB-CONCLUSION

- Choice of site

The previous paragraphs have described
Hammershus, Mantelgarden and the area
around it. With an overall demand from
the developer of having focus on presenta-
tion and communication of the ruin (page
14), the new visitor centre has to fit in to
the hierarchy within the castle, so that the
ruin still is the most important at the site.
The topography (page 18) clearly shows
that Mantelgarden highest in that hierar-
chy the buildings within. Looking at the
rooms that Mantelgarden did consist of, the
Kings chamber and so on (page 26), it is
also clear that Mantelgarden was the most
important building. Placing the new visitor
in Mantelgarden would therefore make the
new visitor centre a natural centre for the
tourists, but with a risk of overtaking the
hierarchy. Investigating the zones at Ham-
mershus (page 24) the conclusion was, that
the visitor centre would be better placed

in zone three, because that would keep
Mantelgéarden as a natural centre of the
ruin. Within zone three the site should be
a place that people natural pass by, from the
flow diagram (page 27) it can be seen that
the stables to the south fulfil that demand.
The stables to south will also be seen when
entering the courtyard (page 28-29). By
placing the visitor centre in the stables to
the south it will also open up the possibility
to tell the story about the preserved slope
just south of the stables.

Due to the height in Mantelgarden the
Stables are also a better place. They will al-
low the new visitor centre to create focus in
exactly the direction that is wished without
breaking down any existing walls.

When arriving many tourists would also
like an overview of all Hammershus and
its surroundings. To get that a tower could
be created in the stables, but it would make
Mantelgéarden loose its spot on top of the
hierarchy. The best place to create that
viewpoint would therefore be at the top of
the Tower in Mantelgarden.

By placing the site within the ruin of
Mantelgérden a new problem occur. Only
a small bridge lead up to the ruin, and only
special trucks can go there a place to drop
of cargo for the visitor centre is needed.

So for the new visitor centre should be able

38

to tell the story about Hammershus as a key
point in the History of Bornholm, about
the fights the that have taken place at the
castle and about the nature that surrounds
Hammershus the new visitor centre will be
divided in to three pieces in three different
sites. The three sites have all in common
that they are placed, so that the majority of
all visitors according to the flow diagram
will pass by, and therefore have the pos-
sibility to visit them.

Site one should be at arrival. Here can

be placed the basic information’ that is
needed at this point, and at the same time
some practical installations could be placed
here. From a historic point of view this site

was here the different enemies of different
time periods did attack from, and is was
also here the farmers did arrive when they
should visit the castle. So from here visitors
can have the same view on Hammershus

as enemies and farmers had. This also the
place where cargos for the visitor centre can
be dropped.

Site two is the overview of the ruin and the
landscape surrounding it. It is the top of the
tower. The tower is the natural attraction
for many visitors. Here they can overlook
the whole complex, and from the tower it
will be possible to scout for enemies. Site
two will only consist of a platform from
where tourists can enjoy the view.




Site three will be the main part of the new
visitor centre, and it will be here, the focus
of the project is placed. This site is chosen
to be the old stables. The research of the
flow shows that the majority of the tourists
visiting pass the stables, and no one will
therefore miss or overlook this part of the
visitor centre. At the same time the stables
are placed in the back end of the courtyard
from where tourists enter, this means that
a building here will not stand out for it
selves, but more fit in to a total experience
of Hammershus. The stables also have

the advantage to only be marked by the
remaining walls today. This means, that
only outer lines of the walls are left, and the
building at this site allow view in all direc-

tions. The new visitor centre here should
be as a part of the ruin without overtaken
it. This means on one hand it has to fall in
to the hierarchy of the ruin, so that tourists
still will experience Mantelgéarden, the
outer and inner courtyards and the nature
as more important places, on the other
hand it shouldn’t be overlooked. This build-
ing should contain exhibition, restaurant,
school classes and practical rooms.

With sites as number 2 and 3 chosen, there
will be various challenges related to these
exact spots. This concerns the transforma-
tion from ruin to visitor centre, the clash
between the original walls of the ruin and
the new walls in the new visitor centre, the

stability of the ruin and the conservation
of the area. In this project I will leave out
of account the last two. The transforma-
tion and the clash will in the followings
paragraphs together with other exhibition
centres be analysed.

111 35: Site
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IMMEDIATE
SURROUNDINGS

To give a better understanding of the three
chosen sites, this paragraph will describe
the nearby surroundings surrounding every
site. This will help to find out, if any special
considerations should be taken in to the
design process.

Site one is, as seen on previous page, sur-
rounded by an open area an the immediate
surroundings are therefor the flat green
fields. Due to the open area existing ruins
do therefore not decide an approximately
square metre amount.

Site two is on top of the tower.
From here there is a clear view to all the
surrounding areas.

Due to the proportions this report will
only concentrate on making a visitor centre
on site 3. Site 1 and 2 will therefor not be
mentioned more.

The immediate surroundings of site two is
to the south and southeast the sunny cliff
side which is overgrown with preserved
plants. The cliff side starts to decrease
directly on the outer side of the wall. To
the east Blommetarnet is placed, the best
preserved building on the site. Blommetar-
net is 8 metres high to the edge of roof and
approximately 11 metres to the ridge. To
the north the inner courtyard is placed, and
consists of an open flat area. To the north-
west is Mantelgarden. At the shortest dis-
tance the distance between Mantelgarden
and the stables is 12 metres. From the
middle of the site there is approximately
30 metres to the entrance to Mantelgérden
through the tower. To the west the open
area of the courtyard continues until the
watchtower in the corner of the ruin.

The approximately square metre amount of
site two can be seen on the picture on this

page.

With site two bordering to Blommetér-
net to the east it is therefore important to
investigate how high the new visitor centre
can be without disturbing the hierarchy.
To the south a view to the nature will be
natural to implement. With Mantelgarden
placed only twelve meters away it would
also be relevant to look into possible sha-
dows from there.







THE STABLES

The stable consists of three parts. The
middle part was a barn in which storage of
hay and fodder was done. It was a farmland
barn in which the packed carts could drive
in in the one end and then unburden the
carts in the middle before driving out in
the other end. The half-rounded tower in
the one end build by the Liibechs is called
Koborrerundellen probable because it is
placed next to the stable for cows. Today
the half-rounded tower is more or less
gone. The other stable is believed to be a
stable for draught-horses. (Miljominis-
teriet, 1991:18)

In general the heights of the remaining
ruin vary between 1 metre at the lowest
point and up till 2 metres on a specific
point. As earlier described do the wall
thickness change from one metre in the
outer wall and to 60 centimetres in the
inner walls. Due to the fear of attacks the
outer walls are thicker.

Comparing the ruin at Hammershus with
the drawing underneath there is today a bit
difference. Instead of only two door open-
ings in each stable like the drawing shows,
there are actually three door openings in
each stable. The extra door openings are
also marked on the drawing.

Extra door opening Lr ol i Extra door opening

-_.* wrpcn 1 [
TV idiii6 L137 3838 IRYEYYARIALL
BABNABAN \ Jt1edyduty

Cow stable Barn to hay an fodder Draught-hofse stable

42 111 38: Site number two



With Hammershus as a medieval castle
specific characteristics appear. These char-
acteristics have I chosen to include in to the
new visitor centre.

In the Manteltower a special kind of win-
dows was made. These windows include
a place to sit. This was done, because the
building in general was hard to get heated
up, and the king could therefore sit in the
window, and let the sun do the heating.
(Bjerregard, 2013)

The watchman path was made, so it was
possible to keep an eye on possible enemies
arriving. It was made, by incorporating
wooden beams in to the outer walls.

Despite the watchman path many port-
holes was made at Hammershus. These

111 39 Left: Windows with a place to sit
111 40 Rigth: The Watchmans path

111 41 Left: Big portholes seen from inside
111 42 Rigth: The smaller portholes

SUBSTANTIAL
CHARACTERISTICS

portholes appear in many sizes.

In general for Hammershus complex

and Mantelgarden in particular there is
an introvert orientation, here by means
introvert towards the courtyard. This is
visible by all the big openings; such as
windows and doors has direction towards
centre of the courtyard or for the part of
Mantelgérden towards the Mantelgaards
own courtyard.

When new visitor centre is designed, I will
incorporate these characteristic’s in, so that
will appear in modern way relevant to the
building, but at the same time in a way,
where it is possible to recognise the details.
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INDOOR CLIMATE

DEMANDS

Because the new visitor centre is build on

top of Hammershus the new building will
be excluded from living up to the building
regulations due to the following rule:

“For bygningsfredede bygninger og byg-
ninger, som er del af et fredet fortidsminde,
kan der ske lempelser fra bestemmelserne i
kap. 2-8, safremt bestemmelserne skennes
at veere uforenelige med frednings- og bev-
aringsveerdierne” (Bygningsreglementet,
1.2 stk. 4)

Regardless of the exception, this project
will use the building regulation as a starting
point for the design process. Besides the

building regulation the Danish Standards
will be used to determine the demands

for specific parts of the visitor centre. The
overall room program demands mentioned
earlier in the program is divided in to five
different zones. These zones are a restau-
rant zone, an exhibition zone, a reception,
classroom zone and a toilet zone. All zones
should be dimensioned to be a category

2 standard; this will be valid for both the
thermal indoor climate and the atmospher-
ic indoor climate. The category 2 is chosen
because it should be used for new buildings
and renovation and gives a normal level

of expectation to the indoor climate (DS
15251, 2007:13). The category 2 for the

thermal indoor climate gives a divergence
of +5 and -5 % of PMV (predicted mean
vote), this means a max of 10 % of PPD
(predicted percentage of dissatisfied). (DS
15251, 2007:25). In the atmospheric indoor
climate the category 2 gives a 20 percentage
expected dissatisfied visitors (DS 15251,
2007:32). For creating the best illumina-
tion conditions the building is divided in to
the same five zones as for the thermal and
atmospheric indoor climate. When using
the building regulations and the Dan-

ish Standards it is important to compare
demands, so that it will be the strictest
demand that defines the level.

Thermal Indoor climate

In the process of designing a thermal
indoor climate in category 2 it is important
to look in to the building regulation, and it
says, as an overall demands as follows:
“Det termiske indeklima pa solrige dage
skal dokumenteres gennem beregning for
boliger, institutioner, kontorer mm. i laven-
ergiklasse 2015 og bygningsklasse 2020.
Det termiske indeklima m4 ikke overskride
26°C, bortset fra nogle fa timer i forhold til
normaldaret. For andre bygninger end bol-
iger fastleegger bygherren antallet af timer
pr. ar, hvor indetemperaturen pa 26°C ikke
ma overskrides. For boliger ma 26°C ikke
overskrides med mere end 100 timer pr. ar.
og 27 °C ma ikke overskrides mere end 25
timer pr. r. “ (Bygningsreglementet, 7.2.1,
stk.13)

If we look in to Danish Standards the
demands will be as follows:

Opening hours for the new visitor centre
will on yearly basis be placed from Easter
until end of middle of October. The visitors
will therefore arrive in a dresses between
0,5 clo and 1,0 clo. The activity level in the
different zones of the visitor centre will be
set to 1,2 met (DS 15251, p.26) because an
activity level at 1,2 is sedentary activity,
which will be the activity level in the visitor
centre. With 1,0 clo for maximum cloth-
ing and 1,2 met for the general activity a
comfort temperature for category 2 quality
standards will be min 20 degrees Celsius
for the winter period and maximum 26

degrees Celsius for the summer period DS
15251, 2007:26).

The 26 degrees Celsius as mentioned both
in the building regulation and Danish
Standards will therefore maximum temp
set as maximum while 20 degrees Celsius
will be demands for the minimum tem-
perature.

Atmospheric indoor climate

The building regulation has following
demands:

“Undervisningsrum i skoler og lignende
skal ventileres med et ventilationsanleeg,
der omfatter savel indbleesning som udsug-
ning og varmegenvinding.

Indbleesningen med udeluft og udsugnin-
gen skal i normalklasserum vere mindst
51/s pr. person, samt 0,35 1/s pr. m* gulv,
samtidig skal det sikres at CO2 indholdet i
indeluften ikke i leengere perioder oversti-
ger 0,1 pct. CO2” (Bygningsreglementet,
6.3.1.3 stk.2)

For a classroom with 30 students living up
to the demands from HFB of maximum

40 pupils in a classroom of 65 m2 (HFB, p.
275) it will give a air change rate of:

(40 pupil*5 1/s+0,35 1/s/m2*60m2)= 3,7 I/s/
m2

The demands from the building regulation
only concern classrooms for other zones
the building regulation refers to individual
dimensioned ventilation decided by the
city council. Danish Standard on the other
hand determines an air change rate in
category 2 for the different zones. To decide
the air change rate the visitor centre is set
to be a very low polluting building. This
means that building shall be in natural
materials such as stone, glass and smoking
will never occur.

This gives following air change rate the
summer period (Open period from 1st of



April until 31st of October) and winter pe-
riod (closed period from 1st of November
until 31st of March):

Restaurant: Summer: 5,2 1/s, m2, winter:
0,3 1/s, m2)

Exhibition: Summer: 3,8 1/s, m2, winter: 0,3
1/s, m2)

Reception: Summer: 3,8 /s, m2, winter: 0,3
1/s, m2)

Classrooms: Summer: 3,8 1/s, m2, winter:
0,3 1/s, m2)

Toilets: Summer: 3,8 1/s, m2, winter: 0,3
1/s, m2)

(DS 15251, 2007:34)

If the demand from the building regulative
is hold against the demand from DS 15251,
the demands from DS 15215 shows as the
strictest and will therefore be the demands,
that will be taken in to Bel0 and BSim.

Illumination conditions

The visitor centre has, as earlier de-
scribed, the presentation and commu-
nication in focus. With a building that
works both as a museum, restaurant,
kitchen, office and classrooms a range

of different demands to the illumination
is made. For the rooms it is given, that
they are a part of the story telling for the
place and have different functions in that
storytelling and therefore also differ-

ent demands. For the restaurant is not a
given minimum, because it is depending
very much of the mood created in the
restaurant, but at the same time the light
should have so many lux, so it doesn’t
irritate the visitors. The restaurant is
therefore put in to the category “other
rooms”. In DS 700 the demand for this
category is 200 lux. For museum the light
should again be a part of the storytelling
for Hammershus, but also play different
roles in the exhibition and still let the
exhibition have the possibilities of using
video and 3D. A relevant lux demand
could be 50 lux. This lux is the demand
for corridors and stairs (DS 700, 2005).
By choosing min 50 lux for the exhibition
area it is still possible to get around with-
out falling, and at the same put spotlight
on the things on display, and in this way
make a clear difference. For the class-
room and kitchen area Dansk Standard
have a demand of 200 lux (DS 700, 2005)
and Bygningsreglementet have following
rule of thumb:

“I arbejdsrum m.v., beboelsesrum og kek-
ken kan dagslyset i almindelighed anses
for at veere tilstreekkeligt, nar glasarealet
ved sidelys svarer til mindst 10 pct. af
gulvarealet eller ved ovenlys mindst 7 pct.
af gulvareal, forudsat at ruderne har en
lystransmittans pa mindst 0,75 (Bygning-
sreglementet, 6.5.2, stk.1)

In the further design process it is impor-
tant to note the rule of thumb given in the
building regulation. That rule will give the
demanded light in the relevant zones and
therefore make the electrical light more
unnecessary, and in that end keeping the
energy use low.
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APPROACH TO TRANSFORMATION
FROM RUIN TO VISITOR CENTRE

When the new visitor centre is created it is of a significant importance to be aware of
the developer’s primary requests. As described in the earlier paragraph, the overall main
request is to create a visitor centre that is able to communicate the history of Hammershus

thereby also meant:

The relation and hierarchy between the existing ruin and the new visitor centre.

With a site within and on the ruin, it is therefore important to be aware of the existence

of different approaches to transform a former ruin to a in to a modern visitor centre. By
studying different transformation projects I will therefore gather information on how dif-
ferent approaches have different impact on the final building. After the cases I have made a
sum up with the conclusions that would relevant to bring in to the design process.

Carlo Scarpa - Castelvecchio

At Castelvecchion existing spatiality’s

are changed and walls are removed. The
building and the existing rooms are
transformed into a new kind of spatiality.

The result of this approach is that the new
building adds a new layer to the existing
building, which prompts new functions

but at the same time also removes the focus
from the past of the building. On the other
hand, the new layer allows changing the
former purpose of the building into a new
one. An example of this approach is seen
on the illustration above. Here the stairwell
and podium change the experience of the
room radically, so that the visitors can have

problems scanning the historic layers of the
building.
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Sverre Fehn - Hamar Bispegard

At Hamar Bispegaard the new building
work is placed on the existing building
with a new spatiality but the existing spa-
tiality is maintained as a part of the new
building work.

The result of this approach is that the visi-
tor will be an observer of the original story
without taking part in it. On the other hand
the approach allows the place to create a
spatially that serves the new purpose of the
building much better - without changing
the original layer of the building. Sverre
Fehn has in his project Hamar Bispegard
Museum used this approach. It is seen at
the entrance and through show rooms,
where a big ramp of concrete is placed.
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Exner - Koldinghus Slot

At Koldinghus the existing ruin is rebuild
with the same form and expression as
before it was abandoned.

This approach focuses on the original
appearances and spatiality of the cas-

tle. The visitor will in this way be able

to reconstruct and imagine the original

life in the castle. In the design process of
making tranformations like Koldinghus,
Johannes Exner did make use of a concept
called - reversibility. “Reversibility means
the physical form that is used in a transfor-
mation process which enable the fact that
it can later be removed without making
any damage on the original building that
hereafter appears just as intact as before the
transformation process”

(Exner, 2007)

Summery
Naturstyrelsen wishes that the new visitor
centre focus on the communication and
presentation of Hammershus. In other
words, Naturstyrelsen focus on the com-
munication of the past of the location, the
communication of the building throughout
past and partly the communication of the
current Hammershus. To create the best
physical surroundings for the presentation
of the former everyday life at Hammershus
the development of the new visitor centre
should therefore relate more to Exner and
Fehn. These approaches communicate the
original functions and layers and only add
a very adjustet layer, which do not change
or remove parts from the existing layers.
Using this approach can also help to keep
the hierarchy in the courtyard, where
Mantelgéarden is the main attraction. But
because the stables and the original spati-
alities within is not created to be a visitor
centre it could be necessary to add walls
like Scarpa. If this is necessary it should be
as gentle as possible, so that the expression
of the courtyard is the same.

The outside of Koldinghus Slot is an excel-
lent example of this approach and concept.
Inside the reconstruction has been done in
a more limited degree. Johannes Exner has
reconstructed the castle, and the new work-
ings are true to the facade in the original
castle. A clear difference between new and
old materials has been chosen, so that the
new added layer of the history in the build-
ing is clearly visible. Visitors are therefore
not in doubt about what is new and what is
from the of the original castle.

The inconvenience of this approach is the
limitations of the original spatialities.
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PROGRAM SUMMARY
AND CONCLUSION

Hammershus is every year visited by all
kinds of people including families, classes,
people who pay special attention to the
ruin and people who pay special attention
to the landscape. With 400.000 yearly visi-
tors, the centre has to be able to handle the
great amount of visitors in a way that they
will experience as few inconveniences as
possible. This means that the visitors come
with a variety of different goals that have
to be combined to create the best possible
experience for them all.

According to Naturstyrelsen it is highly
important that the new visitor centre do
not overshadow the landscape. Instead, it
should fall into the landscape and help to
communicate it. The ruin has a very special
location in the landscape, and that location

the visitors should experience in spite of
the new visitor centre. It is also important
that the exhibition is a substantial introduc-
tion to the castle including the former daily
life at the castle and the history on the site.

In the program from Naturstyrelsen it says
that the new visitor centre should be placed
in the area south west of the ruin. However,
with its natural location in the ruin and on
the top of the landscape the stables is the
perfect place for a new visitor centre. To
experience the history of Hammershus it

is naturally to place the visitor centre and
exhibition exactly where the history has
unfolded. In this way, the visitor centre will
fall into the history that is told by Ham-
mershus and it can work as a centre for the
visitors from where they can experience

the ruin. Furthermore, the stables should
frame a room for contemplation, so that
dog walkers and families enjoying the view
do not disrupt the many pupils and visitors
who want to concentrate about the history.
By its location in the stables the hierarchy
of the ruin will be maintained with Mantel-
garden as the natural centre.

In the transformation process, it is im-
portant that all the layers are recognisable
so that the visitors can easily distinguish
between the ruin and the new building.

A summary of this lead to the vision on the
next page.







I The vision of this project is to create a new visitor centre that through

I transformation and rebuild converts the ruin of Hammershus into a mod-

I ern visitor centre. This centre should tell all the aspects of the history of the
I old castle of Hammershus and at the same time make use of the qualities of
I the remaining ruin in the new story telling. The narrative of the site should
I become a natural part of the building so that the visitors will experience it

I knowingly and unknowingly.

I The transformation should frame a room for contemplation that take all

I the different types of visitors into account, but it has to be designed in a

I way that maintains the landscape and the hierarchy herein. '




VISION
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To live up to the vision the design phase
has to contain and relate to the different
parts studied in the program phase. The
way this is done is by working in different
iterations, where different factors from
different patts in the program influence on
each other.JIn the description of this design
phase it is simplified in to different main
subjects processed individually.
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CONCEPT

DEVELOPMENT

In the initial phase of sketching the history
of Hammershus as a castle played a big role.
From developers point of view the presen-
tation of the history is the most important
thing, and the design therefore had to
counter this. By this means the new visitor
centre should open op towards the centre
of the courtyard, and close of towards the
surrounding areas outside the walls. This
should be visible in the way people use the
building in other words, people should be
closer to the centre of the court yard than
the outer walls. It should also be visible in
the facades with more openings towards
the centre of the courtyard amore detailed
describtion can be read in the following
paragraph introvert orientation. Besides the
opening to the court yard the overall clash
between the new visitor centre and the
existing ruin should take form. The clash
was choosen to be a modern homogenous
form that should meet the ruin as seen on

the picture below. This creates a modern
room that draw attention to and respects
the ruin.

Introvert orientation

With up to 8.000 visitors at Hammers-hus
on the most crowded summer days it is
important to think of how the best way to
make conditions for communication and
presentations of Hammershus is made.

In that sense it is also worth noticing that
the original orientation for Mantelgarden
was inward for protection against enemies
with only a very few windows pointing
outwards. Therefore the orientation of
the rooms will be inwards. In this way it
is possible to cut off visitors who is not
visiting the museum, so that these visitors
won't disturb the guests at the museum and
restaurant.

This means, that all the presentation and
communication of the rooms in general
will be orientated more inwards to itself
and inwards towards the courtyard.




The room demands was split in to three
parts like the contour of the three original
buildings (two stables and the barn) within
the site of the stable. These three parts was
put in to a hierarchy of which of the three
parts the visitors should meet at first sight
and which of the buildings that would be
the most relevant for tourists arriving at
Hammershus.

The buildings and hierarchy is:
1: Exhibition

2: Restaurant
3: Classrooms

— 7“1 N

. 3:Leads to following B

ALLOCATION OF ROOMS

The reason is as follows:

All tourists should meet the exhibition, and
shouldn’t be in doubt where to get informa-
tion about the ruin. Many tourists would
probably like to by refreshment. Only
school classes and people going to confer-
ences need to go to the classrooms.

With this in mind hold against the flow
diagram and the shadow investigation it
gave the overall allocation of the rooms.

allocation of rooms:




PLAN DEVELOPMENT

At first the room program was fitted in to
a single plan building, but seemed to tight
and couldn’t live up to the demands from
the room program without a considerable
extension to the buildings, a first floor or

a basement. The program therefore was
build around and into a two-plan building.
Following a two-story building are also the
demands of stairs and lifts. Together with
stairs and lift are created spaces around
those. Different try-outs were made, and
from here it ended up with a sketch as
figured in the bottom of this page.

3: The circular shapes have been changed to squares. The squares and steps are
placed parallel to the existing walls. This creates a more calm room. The entrance
to the reception area is the same as in the old barn. This gives a good historic
reference. Therefor this arrangement is taken further on.




2: A more quiet arrangement .
is tried, but the different / Lift
shapes of both circles and %
rectangular shapes makes it / gﬁ

a bit noisy especially in the Steps /
reception/reception in the

old barn.

1: Lifts and stairs, which are
placed diagonal, often create
a useless space around it
selves. It also has a downside
that makes the room feel
more chaotic. If a historic
perspective is taken, the
stairs in Hammershus was
always placed parallel to the
walls. Therefore a more qui-
etly arrangement is tried.
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HEIGHT REFLEXIONS
-RELATION TO BLOMMETARNET

The new visitor centre should as earlier
described fit in to the hierarchy of Ham-
mershus. To maintain the ruin of Ham-
mershus as the most important buildings
at Hammershus, it is therefore important
to maintain the hierarchy of the buildings.
This means that the relation between the
new visitor centre at site two and the near
by Blommetarnet is very important.

In the development of heights, different
heights have been tried.

The height of the existing Blommetarnet is
8 metres to the roof edge and 11 metres to
the ridge.

12 metres - This height makes the new
visitor centre to dominating and overrules —
therefore the existing ruin.

10 metres - The height is lower than ridge
but higher than the edge. This height main-
tains the hierarchy partly. This hight can  —
therefore be used in parts of the building.

8 metres - This height maintains the
hierarchy, and plays well against the exist-
ing Blommetarnet. The height is also the
original height of the stables at the site.
The building still seems long. This height
is chosen as main height in the further
development process.

6 metre - This height maintains the hier-
archy, but looks a bit pressed down. Two

low storeys are allowed. This gives a perfect _
amount of square metres compared to the
demands. The proportions still makes the
building long and flat.

4 metre - This height maintains the hi-
erarchy, but only allows one storey above

ground. This gives in all to few square me- — ~

tres compared to th demands. The propor-
tions makes the building seems very long.
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FACADE AND ROOF DEVELOPMENT

- In relation to form

To create an interesting facade the roof
development is one parameter. Different
expressions was tried to create interesting
facades. The demands was, that the facade
should create an interesting facade, make
spaces for interesting rooms inside, keep
the height hierarchy to Blommetarnet,
make the possibility to create a good indoor
light and don't drag attention away from
the rest of the ruin.

Overall many of the shapes were too cha-
otic and did drag too much attention. Sec-
ond of all many of them drew references to
factories. The conclusion was, that a calmer
facade was needed. The further investiga-
tion can be seen on following pages.
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Too calm and uninspiring
The flat root gets to long
and uninspiring. Inside the
rooms the flat roof makes
the exhibition room very

big and uninspiring.

Too chaotic and dramatic
The chaotic and dramatic
expression takes away the

focus from the original
ruin of Hammershus. It
also makes the building

difficult to read from out-
side. On the positive side
this roof creates interesting

room underneath. Hier-

archy to Blommetarnet is

equal.



AN NI~ o Wt U W N

A reference to a factory

m /N _— L/ /T Repetition of different

shapes gives a impression

| of a factory. Underneath is
created interesting rooms.
The repetition gives the

) . possibility to create angled

L I/\ﬁ | | | c T 1 i roof light. Skipped because

L of the factory reference.
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FACADE AND ROOF DEVELOPMENT

- In relation to form - part two

With the experiences from the facade and
roof experiments in mind try-outs to create
a at same time calm and interesting facade.
A facade that at the same time also creates
the possibilities for creating interesting
rooms underneath. It lead to following:

1:
11l 56
Positive: Negative:
The flat roof points out the form, keeps the ~ The flat roof has a tendency to create
hierarchy and let the remaining walls stand ~ rooms underneath which can feel homog-
out. enous if the room height doesn’t change
inside. From a constructive point of view it
can be hard to direct rain of the roof.
e

101 57
Positive: Negative:
The rain is lead off. The facade seen from The long facade still seems to long and
the end is broken. It refers to the original homogeneous which makes the building
roof, which was supposed to be a saddle look even longer.

roof. The form keeps the hierarchy and let
the remaining walls stand out.



Positive:

The form breaks up the feeling of a long
building. Give the possibility to create
interesting rooms underneath. Hierarchy to
existing walls are maintained.

111 58

Negative:

The exhibition room creates a slope; so all
the water is lead to the same spot. Windows
points to a direction that’s not relevant for
the rooms underneath (see more detailed
description on following page)

Positive:

The building opens up in the corner where
visitors see it at the first time. Roof win-
dows points towards relevant directions(see
more detailed description on following

111 59
page). Hierarchy to existing walls and
Blommetarnet is maintained. Rain lead off
to different directions.

This form is therefore the form, that is
brougth to next level.
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WINDOW DEVELOPMENT

In the process of development the windows
was overall developed in the with the
illumination demands described in the
program in mind. In the process a change
between designing the roof after how the
windows needed to be placed and placing
the windows in the roof and walls with

the roof as a controlling factor. The foam
models were try-outs in that process before
ending up with solution described on the
opposite page.
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Exhibition room:

The most visitors will arrive between 12
pm and 6 pm. With a window pointed
towards southeast direct sun is avoided
in that period. Visitors will therefore not
get irritated in the exhibition from direct
sunlight.

Reception/Restaurant:

Most used by tourists for the museum
and restaurant from 12 pm. until 6 pm.

A tilt towards southeast will allow the
sun to get direct in to the reception. The
reception will in this way be lightened
up, so that the double high area will seem
bigger.

Stairs to the classroom area:

The classrooms are most used during the
morning. With a tilt towards southeast
the window allows the sun enlighten the
stairs when students are arriving at Ham-
mershus.

Classrooms:

With a tilt towards northwest the
windows will light up the room without
letting the sun in in the most period in
the morning.

* Pitch direction is marked
with an arrow. (From ridge
N towards edge)

-

Restaurant:
The restaurant is most used in the after-
noon and evening. With big windows
towards the northwest it will be pos-
sible to enjoy the sunset from inside the
restaurant according to the sun scheme in
the program.

Classrooms:

With windows towards northwest it is
possible to enjoy the ruin with out direct
sun irritating the students.

In general the windows that are not a part
of the clash is placed as far out in the facade|
as possible. This is done to make the new
building more as one unit attached to the
existing ruin.

-
-

IIl. 65

69



70

EXHIBITION PRINCIPLES

The existing Hammershus exhibition is
today placed in a very homogenous room
of 75 m2. The exhibition does mainly
consist of a small models and posters. The
exhibition is characterised by years of use.
In the research of how an inspiring and
interesting exhibition could be made, I
have therefore looked in to other exhibi-
tions, and from there tried to drag out the
essence. For making interesting rooms for
exhibition the rooms should vary in all
kinds sense. This means both in height,
shape and lighting. Besides the, at this page
posted, exhibition building, I have looked
into among others Sverre Fehn’s Hamar
Bispegard as seen on page 49. On the pic-
ture of Hamar Bispegard it can be seen that
the room is not synchronous, this helps
making the room more uneven, and that

gives a more interesting experience. On this
page the picture shows BIGs new museum
in Blavand. Here different room heights,
different lighting and a non-regular and a
immeasurable form makes an interesting
room. From the developer’s point of view,
they would like to have the possibility to
present archaeological items, models, big-
ger items in scale 1:1 and a possibility to
show video (Bjerregaard, 2013).

At the same time it is important, that it is
easy to get around in the exhibition with
out getting lost or miss essential places.

It is therefor important to take both param-
eters relating exhibition and parameters
relating to internal flow in to considera-
tion in the development of the new visitor
centre and especially the exhibition part of
the new visitor centre.

1ll. 66: BIG - Blavand



ROOF EXPERIMENTS
- IN RELATION TO EXHIBITION ROOM

“Saddeltag”

The exhibition room does not provide any
interesting corners or shapes. The room
gets high and long.

Flat root

The exhibition room is a plain room with-
out any interesting corners. An exhibition
in this room could easily end up having the
same moode all way through because of the
evenness in the room

11l 67

The broken roof 1 and 2

The room makes shapes and corners. This
will provide a possibility to create different
moods in the same room. According to the
way the roof brakes, different shapes and
moods can be made. The breaking roof is
also better for the acoustics than the other
two examples. Due to the advantages of
the breaking roof from an exhibition room
point of view this type of shape will be
taken further on in the process.

I1l. 68
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THE CLASH

In the development of the meeting between
the existing walls and new walls forming
the new visitor centre, the presentation and
communication of the story of Hammer-
shus has again been the important factor.
Therefore there have been made systematic
look into existing the wall height as seen

in the program. With walls heights in
general around 1 metre, the walls are only

defining the site, and does still leave the
possibility to look across them. To get the
best possible communication of the story
of Hammershus the existing walls will be
left untouched, and the new rooms will
be fitted into these spaces. The new wall
will then be build as a reproduction of the
original wall on top of it. This is done for
keeping the storytelling of the total site of

Hammershus in the centre. When the new
wall is build it is important, that the visitor
can tell the difference between the original
walls and the new walls and the keyword
will therefore be contrasts. Try-outs of dif-
ferent collisions are described underneath.
All try-outs have been made with the
investigation of transformation from the
program in mind.

In crooss section

1: Equal wall thickness

The equal wall thickness makes the hierarchy of the
walls equal, but the new wall press the existing wall
towards the ground.

2: New = thin, existing = thick
The new wall looks attached in a unnatural way. The
wall also looks a bit fragile.

3: New = Thick, existing = thin
The new wall seems very heavy and is pressing the
existing wall even more than number 1.

4: Equal wall thickness with a separating band

The separating band helps making the clash more el-
egant, and it makes the walls stand out from each other.
The band though still makes the walls look heavy. Is
taken to a further level.

1: The band placed in the middle

A thin band makes the contrast between new and exist-
ing sharper. Placing the band in the middle level out
the differences between outside and inside.

2: The band placed in the outside.

Sharpens the contrast from the inside, but makes the
contrast from outside disappear. This is not advisable
because the walls will be seen from both outside and
inside. The wall also looks like is going to tilt inwards.

3: The band placed in the inside

Sharpens the contrast from the outside where most
people will experience the clash. Makes the contrast
disappear inside. This is not advisable because the walls
will be seen from both outside and inside.

4: The band placed a bit more towards inside than
outside

Sharpens the contrast both outside and inside. Makes
the clash a bit sharper from the outside, where most
people will see it, but the clash is still clearly visible
from the inside. Therefore this model is chosen.
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Seen from front

Different try-outs has been made with
the focus on how the buildings parts (the
new and old walls) appear in proportion
to each other. Some of the most impor-
tant try-outs are presented here.

The new wall follows the existing wall
The new wall presses down the existing
wall, so that it doesn’t stand out and in-
stead gets more flat. The new wall seems
very heavy.

The new wall follows the existing wall
divided by a band

To increase the contrast between new and
existing walls a band is introduced. This
makes the existing walls more heavy and
let them stand out better. The new wall
still press the existing wall down.

The new wall is sharpened

The band makes the existing wall stand
out. The sharpened bottom edge on the
new wall makes it look less heavy and
strengthens the contrast between new
and existing. The band will be in glass
and help getting light on to the building.
Therefore this iteration is carried on.
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MATERIALS

In the research for finding relevant materi-
als that could be used in the new visitor
centre, there has been looked at materials
relating to war, concerning that Hammer-
shus was build in a period with many wars.
There has also been looked in to which
local materials Bornholm can provide. This
is done due to sustainability and the envi-
ronmental approach as described earlier.

War materials

Different metals such, as steel is one of the
most common materials used in war, this

is among more used in the production of
weapons. Steel does exist in different types
for example stainless steel or weathering
steel (COR-TEN steel). Buildings build in
stainless steel can have the feature that they
tend to reflect the sun in a way that can be
irritating. From a long distance the reflec-
tion of sun can make the building more
visible. Weathering steel can on the other
hand make the building more invisible
from a long distance. The rust red collar
will make a building at Hammershus fall in
to the surroundings and therefore not over-
take the hierarchy between the buildings.
Weathering steel does also have a disadvan-
tage: “Using weathering steel in construc-
tion presents several challenges. Ensuring
that weld-points weather at the same rate
as the other materials may require special
welding techniques or material. Weathering
steel is not rustproof in itself. If water is al-
lowed to accumulate in pockets, those areas
will experience higher corrosion rates, so
provision for drainage must be made.”
(Wikipedia, 2013b)

Another material connected to war is
concrete. Concrete is well known as main
materials in pillboxes. Concrete can appear

in all kind of shapes and colours, and is a
very common used building material.

Local materials

Bornholm has two characteristic main raw
materials: granite and oak (Bjerregaard,
2013). Granite is a very heavy product, and
granite from Bornholm appears in four
types (Zurface, 2013). All four products
have a tendency to appear uneven due to
the appearance of different materials inside
the granite. This uneven appearance can

in some cases take away the attention from
the rest of the room. For the avoiding that
granite should be used together with even
products such as a plain white surface. The
oak is from the forest of Almindingen.
Oak is a relatively hard type of wood and is
therefore used for many kinds of purposes
such as floors and columns. The colour is
warm and bright (Trae, 2013).

Conclusion

With these information’s in mind, the ma-
terials that will be used for the new visitor
centre will be:

- Weathering steel due to it’s ability
to make a building fit in to the hierarchy.
The disadvantage should be noticed in the
design process.

- Concrete due to its relation to
war and it’s good qualities.

- Oak due to its relation to Born-
holm and it’s hardness and warm colour.

Granite is deselected due to its uneven
appearance. At the site the existing walls
already appears uneven, and the granite
will therefore take some focus away from
these walls.
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BE10

With the demands of, as far as possible
to use natural ventilation as described
on page 14, Bel0 will be used to find
out what use least energy mechanical or
natural ventilation. Bel0 is also used to
see the overall energy consumption for
the new visitor centre. Naturstyrelsen
demands (page 14) that the energy per-
formances for low energy class 2020 are
followed, that is consumption at 25 kWh/
m2 per year.

BelO is not used until now, because the
overall expression was related a lot to
the history at the site, and was therefore

decided at first. From here Bel0 will help
to change in the design if the energy frames
are not observed.

Because of the earlier described yearly use
from April until end October, a year in
Bel0 will have different minimums tem-
peratures. The temperature in the visited
period from April until end of October will
be minimum 20 degrees Celsius (Calculat-
ed as summer in Bel0). In the period from
end October until start April (Calculated
as winter in Bel0) the visitor centre only
has to be kept free of frost, the temperature
will therefore be 5 degrees Celsius. In the

following scheme I will write the essential
data.

If nothing is mentioned, the material is dimensioned with Rockwool energy calculator (Rockwool, 2013) as follow:

- The original walls:

- New walls and roof:

600 mm of granite wall, u-value=2,6

100 mm concrete 645 kg/m3, 300 mm. Rockwool, 20 mm steel, u-value=1,2

W/mK = 0,4 (Bygningsreglementet, 7.6 stk.1, temperaturfaktor b=0,7

2 layer energy window u-value=1,3, a 2-layer window is selected because the visitor centre is

closed in wintertime, and therefore it assumes that windows with very low u-value is not

- Foundation: Concrete, ¥
(SBI, 2013)
- Window frames: W/mk = 0,06 (Bygningsreglementet, 7.6 stk.1)
- Windows
necessary.
- Ventilation:

Fo = 0,75 (SBI, 2013), winter ventilation 0,3 1/s, m2 , summer ventilation except restaurant

3,8 1/s, m2, summer ventilation restaurant 5,2 1/s m2 (DS 15251, 2007:34), injection
temperature 18 degrees Celsius, n: vgv = 0,7 (Bygningsreglementet 8.3 stk. 6)

- Internal heat contribution:

- Illumination:

4 W/m2 (SBI, 2013)

Exhibition: 50 lux, min 2 W/m?2, inst 2,5 W/m2, 1w/m2 for spotlight

Rest of visitor centre: 200 lux, min 2 W/m2, inst. 10 W/m2
Automatic control

- Daylight factor:
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The daylight factor is not calculated exactly, but if the rule of thumb from the building regulation
mentioned earlier is used, to control if a decent lightning in the classrooms are created, there
should be a window area equal to minimum 10 % of the floor area. At the same time the daylight
factor comes from the window design phase which was defined on base of the illumination
demands. With a classroom area of 147 m2 the window area should be 15 m2. In the model used
in Bel0 the window area is 27 m2 for the classroom, and the daylight factor is therefore above 2%.
So in this regard the classrooms with the calculated windows is expected to create a comfortable
classroom regarding to illumination. And as long as the real daylight factor is above the calculated
the “real world” will turn out more positive than the world from Bel0 regarding to energy use.



The calculation

The calculation is made with a room
temperature set to minimum 20 degrees
Celsius for the months from April to end
of October and set to minimum 5 degrees
Celsius for the months from November
until the end of March. The detailed
schemes for the calculations can be seen in
appendix A.

Natural ventilation:
Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep Oct | Nov | Dec
Total energy frame (kWh/m?) 0,2 0,1 0,0 2,0 0,0 0,0 0,0 0,0 0,1 1,8 0,0 0,0
kWh/m2 used for ventilation
MWh/m?used for heating 0,3 0,1 0,0 3,3 0,0 0,0 0,0 0,0 0,1 3,1 0,0 0,0
The total energy frame in total: 4,2 kWh/m2
kWh/m2 used for ventilation:
0 kWh used for ventilation because it is natural ventilated.
Total MWh/m2 used for heating: 6,9 MWh/m2
Mechanical ventilation:
Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep Oct | Nov | Dec
Total energy frame (kWh/m?) 1,2 1,1 1,2 1,7 2,1 3,2 3,6 3,3 1,4 1,7 1,1 1,2
kWh/m2 used for ventilation 0,2 0,2 0,2 0,2 1,1 1,8 2,0 1,8 0,7 0,2 0,2 0,2
MWh/m?used for heating 1,5 1,4 1,4 2,4 0,1 0,0 0,0 0,0 0,0 2,3 1,3 1,4

The total energy frame: 22,8 kWh/m2

Total kWh/m2 used for ventilation: 8,8 kWh/m2

Total MWh/m2 used for heating: 11,8 MWh/m2

If a comparison between the total energy
frame for the natural ventilation and the
mechanical ventilation is made. Both live
up to 2015 energy frame but only the total
natural ventilated building live up to the
energy 2020 frame with a total use of 4,2
kWh/m2. The building as it is calculated
therefor live up to the demands from the
developer Naturstyrrelsen. If a deeper
look in to the calculation to decide what
use the least energy natural or mechanical

ventilation is made. The natural ventila-
tion shows a yearly use of 6,9 MWh/m2 for
both the heating and the venting, while the
mechanical ventilation uses 11,8 MWh/
m2. The new visitor centre should therefore
be a natural ventilated building, and this
information is therefore carried on to both
the design process and the BSim calcula-
tion in the exhibition room.
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BSIM

- Calculation for the exhibition room

The BSim calculation is made on the exhi-
bition room. The BSim calculation is used
in the design process to find out what effect
the original uninsulated walls have on the
indoor climate, if the new walls is build on
top of the old ones without covering the

old. At the same time it is interesting to see
what difference the uninsulated walls have
on the energy use comparing with walls
including isolation. BSim is also used to ad-
just to avoid overheating. Due to the thick
wall to the south (40 centimeteres thicker

This scheme describes the data put in to BSim.

Time schedule:

a: Opening hours: April 1st.- October 31st., 8 am. - 6 pm.
b: Open period but closed off: may 1st. - september 30th., 6 pm. - 8 am.
c: Closed for winter: November 1.st - March 31st.

than the other walls), it could be a pos-
sibility to use that thickness to create space
within the wall, from where preheatet air
can be let in to the exhibition room. If this
solution is neede, will also be investigated.

System Description Control Schedule
People load 75 as 50 % loaded from 8 am. a
-5 pm.
150 as 100% loaded 12 pm to
3 pm.
Lightning Special lightning 1,9 W/m? Light control a
(Ledon, 2013) Factor 1
Common lighting 1,4 W/m? Lower limit 0,1 kW
50 lux, Neon tube energy (My- | Temp max 28°C
greenlightning, 2013)
Solar limit 0,2 kW
Ventilation Input: Temp control: abc
3,8 1/s/m*(DS 15251) * 260m?* Part of nom flow: 1
988l1/s = 0,988 m*/s Inlet temp 20
630 Pa Heating set point 22
0,7 Total eff Cooling set pnt. 25
0,5 Part to air
Output:
0,988 m3/s
630 Pa
0,7 Total eff
0,5 Part to air
Recovery unit = 0, Because it is
natural ventilation
Heating coil = 0
Infiltration Basic air change rate 0,7 Full-load a,b,c
TmpFactor 0, TmpPover 0,5,
Windfactor 0 (SBI, 2013)
Equigment 20 Ipad minis of 5W each (Ap- a
ple, 2013)
Heat load: 0,1 kW
Part to air: 0,5
Heating Max power 5 kW Open hours: a
Part to air 0,6 (SBL, 2013) Factor 1, Set power 20°C, Design temp
-12°C, Min power 5 kW, Te min 17°C
Open but closed:
Factor 1, Set power 20°C, Design temp
-12°C, Min power 5 kW, Te min 17°C b
Closed:
Factor 1, Set power 5°C, Design temp
-12°C, Min power 5 kW
Te min 17°C c




In BSim different models has been cal-
culated, but all calculated models has the
same outer shape. The change is instead
done within the wall materials that were
added. First a model with solid granite for
the meter closest to the earth has been cal-
culated. This wall symbolise the exhibition
room with a combination of the existing
walls of Hammershus combined with new
isolated walls. The second model that was
calculated was a model where all walls were
insulated. This illustrate if the existing walls
from the ruin was covered with insulation
and combined with new insulated walls.

At first a investigation regarding room
temperature was made, and this was held
up against the building regulation even
though that the building regulation on this
subject is minded on residential buildings.
Regarding temperature the building regula-
tion writes following:

“Det termiske indeklima ma ikke over-
skride 26°C, bortset fra nogle fa timer i
forhold til normalaret. For andre bygninger
end boliger fastleegger bygherren antallet
af timer pr. ar, hvor indetemperaturen pa
26°C ikke ma overskrides. For boliger ma
26°C ikke overskrides med mere end 100
timer pr. ar. og 27 °C ma ikke overskrides
mere end 25 timer pr. 4r” (Bygningsregle-
mentet, kap. 7.2.1 stk.13)

The calculation shows as seen in appendix
B:

Exhibition room with uninsulated original
walls:

Hours above 26: 73

Hours above 27: 25

Exhibition room with insulated walls:
Hours above 26: 98
Hours above 27: 42

The model as seen in BSim:

From a perspective only regarding tem-
perature it would therefore be the best to
keep the existing walls uninsulated. This
will with the minimum set ventilation cre-
ate the least hours with temperatures over
26 and 27 degrees. The exhibition room
does in this regard also respect the building
regulation, while the room with insulation
will create to many hours above 26 degrees
for a room in a residential area.

If we look into how the humidity of the
building is influenced we can see that the
relative moisture % in the building wit the
insulated walls reach 64,4 % in Septem-
ber and 60,8% in October as the only two
months in the open period over 60% as
recommended for a class two quality in
DS 15151 (DS15251:p.38). For the build-
ing with the original walls reaches 65,9%
for October, 60,5% for July and 60,3% for
April. This means that the air quality, for
the open period, regarding humidity is a
bit better in the total insulated room than
the room including original walls. For all
year the rel. moist. reaches 67,6% for the
building with original walls. The high
humidity is caused the winter period with
lower temperatures. For the building with
insulated walls the humidity in general only
reaches 66,5 %, because the isolation helps
to keep out the moist in wintertime.

The overall energy use is for each room:
Exhibition room with uninsulated original
walls: 5659,76

Exhibition room with insulated walls:
5521,35 kWh

The exhibition room with uninsulated
original walls use a bit more due to the lack

of insulation.

The influence of room to the south

If the wall thickness of the southern wall

is taken advantage of, and a “room” from
where the inlet air will be taken from is
build, the numbers change a bit. The over-
all energy use will instead be:

The insulated building: 4848 kWh

The building with original walls: 4500 kWh

Further more the new heating room

also increases the hours above 26 and 27
degrees a lot for both with and without
insulation, and decreases the humidity. The
exact number can be seen in appendix C

T all of these data is put together the most
ideal design would be a building with
isolated walls and natural ventilated with
inlet from outside in the summer period
and inlet from the heating room in the win-
ter period. But because of the architectural
demands a solution with the original walls
is chosen and inlet from heating room in
wintertime and inlet from outside in sum-
mertimer. This can be done because as seen
in the calculation the advantage of isolation
is not that big compared to the disadvan-
tage of covering up the walls and in this
way hide the history inside.
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NATURAL VENTILATION

When the natural ventilation will be im-
plemented it can be done in different ways.
It would natural to it either by using the
thermal buoyancy or by making the roof in
to a so-called Windcatcher (Ventilation og
indeklima, 2013). Especially in the exhibi-
tion room these technics is relevant due to
the high room height. From an architec-
tural point of view the natural ventilation
could be integrated in to the roof facade in
two ways. One possibility could be to make
the weathering steel pierced, so that the
fifth facade is kept homogeneous, another
possibility is to make use of the windows
in the ceiling, and let them open automati-
cally. An example of this pierced facade can
be seen on opposite page.

The natural ventilation has not been
investigated more in this project, but when
the building should be developed further

it would be natural to calculate the if win-
dows the ceiling is enough space to let out
the air or if the pierced facade would be a
better alternative.

The two examples of natural ventilation:

IlL. 76: Natural ventilation
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THE CONCEPT




The spatial concept for this visitor centre
is build around a design that relate to three
equal factors which all influence on the
visitor centre. It counts war, the historic
perspective at the site and the ruin as it is
today.

The war is illustrated by the steel from
tanks and concrete from bunkers, and is a
factor because of the history of Hammer-
shus as a fortress and a major part in the
fight with both the Swedish archbishop and
the Liibechs. In the modern visitor centre
“the war” is mainly defining the materials.
From the outside the visitor centre is a tank
watching out for enemies, and from the
inside a bunker a and safe place to be.

The second factor, the historic perspective,
has an impact on the details and the master
plan of the building. The details is seen in
the porthole windows and the watchman’s
path, and the orientation of the new build-
ing which orientate inwards as the original
Hammershus

The third factor the ruin as it is today
affects how the new visitors centre place
it selves in the ruin and the landscape sur-
rounding it.

All together they create a the new visitor
centre at Hammershus.
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ARRIVAL

By arrival the visitors will experience the
building like this. The building will ap-
pear like a rebuild iteration of the original
stables with the two low stable buildings
and the higher barn in the middle, all
having a modern iteration of the original
saddle roof. By arrival the higher roof next
to Blommetérnet will drag people to the
visitor centre. The courtyard will despite of
the new visitor centre appear original.
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When visitors in the future will arrive they
will use the old stable entrance to enter the
visitor centre. By this visitors will experi-
ence one part of the history of the stables.
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RECEPTION

When entering the reception visitors will
experience a low-ceilinged room. From
the double high room in the back the light
will flow and drag visitor to experience

the stunning view direct to the sun. For
visitors the window in the ceiling will also
function as a sundial, which cast its shadow
on flow. While the visitors are entering the
restaurant or getting information about
Hammershus, they can experience contrast
between the hard concrete walls and the
soft wooden walls.




The restaurant is the place to be, for visitors
who wants to enjoy a sunset together with a
glass of wine. From the first floor restau-
rant it is possible to get a clear view to all of
the ruin.







EXHIBITION

In the exhibition room the low windows
and simplicity of the room will give the
visitors the best conditions for acquaint
themselves to the history of Hammershus.
Despite of the models and the poster the
visitor can also experience an iteration of
the old watchman’s path, a porthole and a
traditional sitting chair. The concrete mate-
rial will lead the thought pillboxes from
Second World War at the same time the
visitor will be reminded that Bornholm is
island full rocks. Due to the small pieces of
local quarried rocks within the concrete.










On the following plans the final arrange-
ment is presented. As seen on the plan the
rooms and the life inside the rooms kept

as close to the centre of the court yard

as possible due to the historic use. The
introvert orientation as a historic perspec-
tive was one of substantial characteristics
described in the program, which is passed
on to the new visitor centre. The other
substantial characteristics, the watchman
path, the portholes and the sitting chair,
can all be seen on the plan as well. The
watchman’s path is made in the exhibition
room leading to the first floor, the porthole
is defining the way to form windows in the
walls in general and the sitting chair is used
in the exhibition to give a peak to the south
and the preserved slope, as well as used in
the classroom area to create space to sit and
work outside the classroom.

1:500

FLOOR PLANS

Ground floor

1: Foyer/reception

2: Exhibition

3: Storrage for restaurant

4: Kitchen

5: Changing room for staff
6: Toilets and lockers

7: Storrage

8: Roofed area in case of rain

97



98

1:500

First floor

1: Restaurant

2: Exhibition at ground level
3: Dark room for exhibition
4: Storrage

5: Technical room

6: Kitchen

7: Classrooms

8: Toilets

9: Opening to reception

10: Watchmans path

11: Sitting chair area



1:500

Roof

The roof has very few and well placed roof
windows. They are all placed just next

to wall underneath so it will give a light,
which can be followed down the walls
inside the building. The material is the
same as the walls. This is done to create a
more solid building, with a more simple
expression. At the same time the roof has to
function as a fifth facade, when the balcony
on the earlier described site two is build.
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EXHIBITION

The exhibition room has many possibilities
and with its open plan. It can work either
as a big open space or with a route as de-
scribed on the drawing. The thought is to
create different spaces, which individually
can present a special subject. The chang-
ing room height as seen on the section will
give visitors of the room a different feelings
depending on where in the room they are
placed. The high end of the room will give
a possibility to display a big thing, while the
low room height, will give a possibility for

immersion.
1:200
Exhibition room
Start

1: History of Hammershus.
Low roof height (3m) going to
high height for opening up.

2: Life on Hammershus

3: War at Hammershus

4: Highest room height (6m)
for exhibition of Trebuchet
size 1:1

5: Stairs to first floor
exhibition

6: Low-ceilinged area for
exhibition of archaeological
objects. The low-ceiling give a
bette opportunity for absorp-
tion.
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Exhibition room

1: Low-ceilinged area for for
welcome and archeological
objects. The low ceilinged area
give better opportunity for
absorption. (3m)

2: Highest roof hight for exhi-
bition of big things. (6m)

3: Stairs to first floor
exhibition. (Wacthmans path)
4: Sitting chair

5: Portholes

6: Dark room for movies
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THE FACADES

The facades are illustrating the clash
between original walls and new walls. The
new wall has a calm surface, while the old
boulder wall is more noisy. The facade is
also clearly illustrating the history of the
closed stables in the sides and the more
open barn in the middle. In a historic per-
spective the northwest facade opens up to
the courtyard compared to the more closed
southeast facade that closes of for projec-
tion against enemies. The room height of
the exhibition room to the east end against
Blommetarnet also haves a height which
fall in to the hierarchy and keeps Blom-
metarnet as the most important thing.
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North west 1:300
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South wesat 1:200
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east 1:300

|
|

North east 1:200
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CROSS-SECTIONS

In the section watchman’s path, the port-
holes and sitting windows from the original
Hammershus gets visible in the exhibition
room. The section also illustrates how the
exhibition room gets higher towards the
end, where a trebuchet in size 1:1 or other
big things could be displayed. In the foyer
the double high room is exposed.

Section 1:200
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‘Section 1:300

Section 1:200
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FIRE PLANS

In the process of designing the new visitor
centre the design has to make the nev visi-
tor centre respect the building restrictions
due to fire exits. These restrictions demand
at least two independent firedoors and a
maximum of 25 meters to th nearest escape
(Bygningsreglementet, 5.2 stk. 6). With the
fire escapes as the illustration on this page
the building live up to the demands, how-
ever the most far away corner in the exhibi-
tion room is 30 meters away, but because
the building is excused from Buildregula-
tives as earlier described, this is not a prob-
lem. However it coul be worth corcerning
if the former doors in the middel of the
wall in the stable can be transformed in to
fire exist. This could maybe be done with a
hammer installed next to the windows.

First floor T

Ground floor

IIl. 55 The fireplan
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At the top of the rock where Hammershus
once enthroned and afterwards was aban-
doned and forgotten a new visitor centre
has been designed within this project. The
visitor centre should give Hammershus
another golden age. With the location in
the middle of the ruin as part of Mantel-
garden the exhibition will be placed where
it belongs: in the same buildings in which
the history of Hammershus unfolded.
When visitors in the future arrive at Ham-
mershus they will experience the courtyard
and Mantelgérden as it looked before it
was abandoned, including the experience
of the exact location at the top of the rock
with the outer wall almost falling down the
slope. At the same time the castlé’s clear hi-
erarchy, with the new visitor centre placed
in the stables and Mantelgarden’s tower
enthroning as the ruin’s highest point, is
maintained. When the visitors then enter
the visitor centre they will in a modern way
again experience the history of the site,
both in terms of the exhibitioin, but also in
terms of the substantial characteristics, that
have been integrated to the new building.
The challenge has been to create a natural
fusion between the old and the new in
which the final expression leaves space

for both the new and the old story. The
outcome unfolded in this project makes it
impossible for future visitors to overlook
that they find themselves in an old ruin
along with a clear experience of the new

CONCLUSION

building. The original walls and spatialities
are maintained and new walls, surround-
ing these spatialities forming a new room
demands, have been designed.

Beside the contrasts between old and new,
a contrast between the hectic space and
the possibility for contemplation has been
a focal point. During the whole process,
communication has been a top priority
concerning the preparation of spatialities
for the exhibition, in which the history of
Hammershus should be communicated,
and in the story formed by the new build-
ing. These considerations have influenced
the design of the windows, the size of doors
and choice of materials.

The vision has been to create the transfor-
mation from a ruin into a modern sensory
space that both directly and indirectly can
communicate the history of Hammershus
and at the same time a building that live up
to the sustainable demands from page 10.
Furthermore, the demands from Natursty-
relsen was to both create an ‘invisible’ visi-
tor centre that would not mar the area and
eliminate the attention from the surround-
ing nature, and at the same time create a
space that would be able to accommodate
many different functions for many different
users. The demands for a sensory space,
sustainability and different functionalities
are thus fulfilled.

109



REFLECTION

The reflection is divided in to different
which each of them elaborate on the given
subject. The subjects are many, but here

I have chosen three of the most essential
ones.

Placement

By placing the visitor centre at the top of
Mantelgérden the challenges of the design
process have been many - this includes

the transformation from an old ruin into

a new building, the spatialities of the ruin
and the lack of isolation. Furthermore, two
challenges are obviously: The preservation
of Hammershus, and how the visitor centre
would work in reality. Hereby meant all

the challenges that come together with a
building placed in such fragile and exposed
environment such as getting materials and
water to the site. For a master project like
this it gives a dimension more to the pro-
ject that you in many ways have to relate

to a given context that limit you compared
to the real project. But even though it gave
many problems it also gave me many new
dimensions to my thoughts on architecture.

Sustainability

Sustainability can, as earlier described, be
worked on in many ways. In this project I
have had a technical approach to find out
how the ventilation should be and how the
clash with the old wall should look like, but
it could also have been interesting to use

it to give the dimensions of the windows

to a greater extent than it did. A big effect
that did limit the use of Be10 and BSim
was the placement in the ruin. For me it
meant, that I did use a lot of time to work
with communication of the history and the
relation to the existing buildings in the ruin
and in that part BSim did not play a big
role, so when it came to the actual build-
ing, the possibilities of changes was more
reduced.

A further dimension

If an iteration more of the building should
have been made, it could be interesting to
look in to how the new visitor centre to a
greater extend will use the surroundings.
Herby not meant only the tower but also
the rest of the buildings. In this the new
visitor centre and the existing ruin could
supplement each other even more.
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APPENDIX A

Calculation: Natural ventilation 5° Celsius:

0 kWh Jan [Feb [Mar [Apr [Maj Jiun Jiul [Aug |Sep Okt [Nov [Dec |Aret
MOde;'p:;r:l':irShus ‘| SBilBeregningskerne 6, 11, 11, 24 Anden belysning 112 |101 |112 |108 [112 |108 |112 |112 |108 |112 |108 |112 |1314
Bel0 1 b Apperatur 1875]1693[[1875]1814]1875 [1814 [1875 [[1875 [1814]1875]1814]1875[22075
Energibehov I alt til andet 1986]1794]1986]1922]1986 [1922 [1986 [1986 [1922]1986]1922]1986]23389
MWh Jan [Feb [Mar [Apr [Maj [lun [oul JAug [Sep [Okt [Nov [Dec [Aret kWh/m?2 14 [12 J14 [13 T4 [1,3 [14 14 1,3 [14 [1,3 [14 162
Varme 2,14 1,95]2,04 1,81 [1,62 [1,41 1,40 [1,41 [1,52[1,72]1,84 2,05 [20,90 Elbehov. Ekstern forsyning til bygning. Samlet elbehov
El til bygningsdrift 0,26 |0,23 |0,26 |0,25 |1,62 2,55 |2,90 |2,60 |1,08 0,26 |0,25 0,26 |12,50 kwh Jan [Feb [Mar [Apr [Maj [un [iul [Aug |Sep [Okt |Nov |Dec [Aret
Overtemperatur i rum 0,00 [0,00 0,00 0,00 0,00 [0,00 [0,00 J0,00 J0,00 [0,00 [0,00 [0,00 [0,00 Bygningen 2243(20262243]2171]3605 [4472 [4889 [4588 [2999(2243]2171[2243] 35894,
Samlet energibehov Solcelleydelse 0 0 0 0 0 0 0 0 0 0 0 0 0
MWh Jan [Feb [Mar [Apr [Maj [Jun [3ul [Aug [Sep [Okt [Nov [Dec [Aret Vindmglleydelse 0 0 0 0 0 0 0 0 0 0 0 [ 0
BR 2010 2,78 2,53(2,68 [2,43 5,67 |7,78 [8,65 [7,91 [4,21]2,36 2,46 [2,69 [52,16 Resulterende elbehov  |257 [232 [257 [249 [1619 [2549 [2902 [2602 [1076]257 [249 |257 |[12505)
KWh/m?2 19 [1,8 [1,9 [1,7 [39 |54 [60 |55 [2,9 [16 [1,7 [1,9 [362 El til opvarmning 0o Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo
Lavenergibyggeri 2015 2,35 [2,14][2,27[2,07 5,34 [7,50 [8,37 [7,63 [3,90 [2,02 2,10 2,28 [47,98 El til andet end 257 1232 [257 [240 [1619 [2549 |2002 [2602 [1076]257 |249 [257 [12505
kWh/m?2 16 |15 [16 [1,4 [37 |52 |58 [53 [2,7 [1.4 J15 1,6 [333 opvarmning
Byggeri 2020 1,74 [1,59 [1,69 [1,53 [3,89 [5,44 [6,06 [5,53 [[2,85 [1,49 [1,55 [1,69 [35,05 Rumopvarmulng;\Varmebehoy
KWh/mz 12 L1 12 L1 127 138 142 138 |20 10 |1 |12 1243 MWh Jan [Feb [Mar [Apr [Maj [Jun [Jul [Aug [Sep [Okt [Nov [Dec [Aret
Ekstern forsyning til bygni 1rum 0,00 0,00 0,00 J0,00 [0,00 0,00 J0,00 J0,00 J0,00]0,00 0,00 0,00 0,00
MWh Jan [Feb [Mar [Apr [Maj [Jun |3l |Aug [Sep JOKt [Nov |Dec [Aret Vent. varmefi. 2,14]1,95]2,04 1,81 [1,62 [1,41 [1,40 [1,41 [1,52]1,72]1,84 2,05 20,90
Kedel/fiernvarme 2,14 1,95 [2,04 1,81 [1,62 |1,41 [1,40 1,41 |1,52 1,72 [1,84]2,05 20,90 Rortab 0,00 /0,00 0,00 0,00 0,00 |0,00 0,00 0,00 0,00 0,00 |0,00 |0,00 |0,00
Gasstrélevarmere 0,00 [0,000,00 0,00 [0,00 0,00 0,00 [0,00 0,00 [0,00 [0,00 [0,00 0,00 Lalt 214]1,952,04]1,81 1,62 |1,41 |140 J1,41 11,52 |1,72]1,84 [2,05 |20,50
Gasvandvarmere 0,00 [0,00 [0,00/0,00 [0,00 0,00 [0,00 0,00 [[0,00 |0,00 [0,00 [0,00 [0,00 Lalt, kWh/m? L5 |4 |14 13 |1t |10 10 Ji0 Jit J1.2 J13 Ji4 |145
Kaling 0,00 (0,00 [0,00 0,00 [0,00 0,00 [0,00 [0,00 0,000,00 [0,00 [0,00 [0,00 RumopvamnlngAbeekninglafivameliehoy
Talt 2,14 [1,95 [2,04]1,81[1,62 [1,41 [1,40 [1,41 |[1,52|1,72|1,84]2,05 [20,90 MWh Jan_[Feb [Mar [Apr [Maj Jun_[Jul_JAug [Sep JOKt [Nov [Dec [Aret
KWhjmz 15 (14 14 113 |51 150 |10 150 |L1 (1,2 |13 (1,4 |14,5 Kedel/fiernvarme 2,14]1,95]2,04 [1,81 [1,62 [1,41 [1,40 [1,41 [1,52]1,72]1,84]2,05 20,90
Ekstern ing ti i 7 Solvarmeanlaeg 0,00 [[0,00 [[0,00 0,00 [0,00 0,00 [0,00 [[0,00 ][0,00][0,00 0,00 0,00 0,00
o Jan [Feb [Mar [Apr [Maj [Jun [l JAug [Sep [OKE [Nov [Dec [Aret Varmepumpe 0,000,00/0,00 [0,00 [0,00 [0,00 [0,00 [0,00 |0,00 [0,00 [0,00 [0,00[0,00
Centralvarmeanizeg 0 1o To Jo To o o o lo 1o Jo o To El-rumopvarmning 0,00 /0,00 [[0,00 0,00 [0,00 0,00 [0,00 |[0,00 ][0,00 0,00 [0,00 0,00 [0,00
Varmt brugsvand 0 1o To Jo To o o To To To To o To EI-VF i ventilationsanlaeg 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 0,00 |0,00 |o0,00 0,00 [0,00 [0,00 [0,00
Ventilationsanizeg 253 [229 [[253 [[245 [1615 [2546 [2899 [2598 [1073[253 [245 [253 [12461 Breendeovne mm. 0,000,00 10,00 0,00 10,00 ]0,00 0,00 10,00 |0,00]0,00 0,00 ]0,00 0,00
Kedel/fiernvarme 2 3 (4 1a 14 1a 1a 12 1a 14 |a & |4 Talt 2,14]1,95]2,04 [1,81 [1,62 [1,41 [1,40 [1,41 [[1,52]1,72]1,84]2,05]20,90
Varmepumpe 0 0 0 0 0 0 0 0 0 0 0 0 0 Varmt brugsvand, Varmtvandsbehov
Solvarme 0 (0 o 0o o Jo Jo Jo Jo Jo Jo Jo Jo ms [3an_[Feb [Mar [Apr [Maj [Jun [Jul[Aug [Sep [Okt [Nov [Dec [Aret
Rumopvarmning 0 1o o Jo Jo Jo o o Jo o Jo Jo Jo Samlet forbrug [12,2]11,0]12,2[11,8]12,2 [11,8 [12,2 [12,2 [11,8[12,2[11,8]12,2[144,0
Dec. elvandvarmere 0o Jo Jo Jo o 0 0 0 0o o Jo Jo o Varmt brugsvand, Forsyning
Kaling 0 0 0 0 0 0 0 0 0 0 0 0 0 m3 Jan [Feb [Mar [Apr [Maj [dun [3ul [Aug [Sep [Okt [Nov [Dec [Aret
Belysning o o o o To To o lo 1lo To o lo Centralanizeg 12,2]11,0 12,2 [11,8]12,2 [11,8 [12,2 [12,2 [11,8]12,2]11,8]12,2144,0
T alt til bygningsdrift 257 [232 257 [249 1619 |2549 [2902 [2602 [1076]257 [249 [257 [12505 Decentrale elvarmere 0,0 0,0 0,0 |0,0 |00 |00 |00 0,0 [0,0 [0,0 [0,0 [0,0 0,0
KWh/m2 0,2 [02 [0,2 |02 [1,1 [1,8 [20 [1,8 0,7 [0,2 [0,2 [o0,2 [8,7 Decentrale gasvarmere 0,0 0,0 |0,0 |0,0 0,0 0,0 0,0 0,0 0,0 |0,0 |0,0 |0,0 0,0
Ekstern ing til ing. Andet elforbrug Ialt 12,2]11,0 12,2 [11,8]12,2 [11,8 [12,2 [12,2 [11,8]12,2]11,8]12,2]144,0
file:///C|/Documents and speciale 2_res.xmi[28-11-2013 22:10:42] file:///C|/Doct ts and i il speciale 2_res.xml[28-11-2013 22:10:42]
Varmt brugsvand, Varmebehov KWh Jan [Feb [Mar [Apr [Maj [Jun [3ul JAug [Sep [Okt [Nov [Dec [Aret
MwWh Jan [Feb [Mar [Apr [Maj [un [aul JAug [Sep [Okt [Nov [Dec [Aret Varmeflader 0 0 0 o0 o 0 0 0 0 0 0 0o o
Central VVB 0,64 |0,58 |0,64 |0,62 |0,64 0,62 [0,64 0,64 0,62 |0,64 |0,62 |0,64 |7,56 Ventilatorer 253 [229 [253 [245 [1615 [2546 [2899 [2598 [1073]253 [245 [253 [12461
Dec. elvarmer 0,00 0,00 0,00 0,00 |0,00 0,00 |0,00 |0,00 |0,00 |0,00 0,00 ||0,00 |0,00 1 alt 253 [229 (253 245 [1615 [2546 [2899 2598 [1073]253 [245 [253 (12461
Dec. gasvarmer 0,00 |0,00 (0,00 /0,00 0,00 (0,00 |0,00 |0,00 (0,00 |0,00 |0,00 0,00 |0,00 KWh/m2 02 [0,2 Jo,2 Jo,2 [1,1 [1,8 [2,0 [1,8 Jo,7 [o,2 Jo,2 [o,2 8,7
Opvarmning i alt 0,64 0,58 [0,64 [0,62 [0,64 [0,62 [0,64 [0,64 [0,62 0,64 0,62 [0,64 [7,56 Kedel/fjernvarmeveksler, Varme
'Tab central VWB 0,00 |0,00 (0,00 |0,00 0,00 (0,00 |0,00 |0,00 |0,00 |0,00 |0,00 0,00 |0,00 MWh Jan |Feb [Mar [Apr |Maj [Jun [Jul [Aug [Sep |Okt |Nov |Dec Aret
Tab tilslutningsrer til VVB [0,00 0,00 0,00 [0,00 [0,00 0,00 [0,00 0,00 [0,00 0,00 0,00 [0,00 [0,00 Ydelse 2,14 [1,95 [2,04 [1,81 [1,62 [1,41 1,40 |1,41 |1,52 [1,72 [1,84 [2,05 [20,90
VBV rortab 0,00 0,00 J0,00 J0,00 [0,00 J0,00 0,00 [0,00 |0,00 0,00 0,00 [0,00 [0,00 Forbrug 2,14 [1,95 [2,04 [1,81 [1,62 [1,41 |1,40 |1,41 |1,52 [1,72 [1,84 [2,05 [20,90
Tab dec. elvandvarmere |0,00 0,00 |0,00 |0,00 0,00 0,00 (0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 Udnytteligt varmetab 0,00 [0,00 0,00 0,00 0,00 [0,00 |0,00 [0,00 |0,00 0,00 0,00 [0,00 |0,00
Tab dec. gasvandvarmere |0,00 (0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 0,00 |0,00 |0,00 |0,00 |0,00 Virkningsgrad 100 |100 [100 (100 [100 (100 [100 [100 [100 [100 |100 |100 [100
Tab i alt 0,00 0,00 0,00 0,00 [0,00 0,00 0,00 [0,00 [0,00 0,00 [0,00 0,00 [0,00 Kedel/fjernvarmeveksler, Elbehov
Talt 0,64 0,58 0,64 [0,62 [0,64 0,62 [0,64 [0,64 [0,62 0,64 0,62 0,64 7,56 KWh Jan |Feb [Mar |Apr [Maj |Jun |Jul |Aug |Sep |Okt |Nov |Dec |Aret
kwh/m2 04 |04 |04 |04 |04 |04 |04 |04 |04 (04 |04 |04 |53 Braender, kWh 0 0 0 0 0 0 0 0 0 0 0 0 0
Varmt br af var Automatik, kWh 4 3 J4 Ja Ja J& Ja Ja Ja & Ja J& Jaa
Mwh Jan [Feb [Mar [Apr [Maj [Jun [oul [Aug [Sep [Okt [Nov [Dec [Aret Ialt 4 3 4 4 4 4 4 4 4 4 4 4 44
Kedel/fjernvarme 0,00 0,00 0,00 0,00 [0,00 J0,00 [0,00 [0,00 [0,00]0,00]0,00 0,00 [0,00 KWh/m?2 0,0 [0,0 [0,0 [0,0 [0,0 [0,0 [0,0 0,0 [0,0 [0,0 [0,0 [0,0 [0,0
Solvarmeanizeg 0,00 0,00 0,00 [0,00 [0,00 |0,00 [0,00 [0,00 [0,00 0,00 0,00 [0,00 [0,00 Varmepumpe, Varme
Varmepumpe 0,00 0,00 0,00 [0,00 [0,00 0,00 [0,00 [0,00 [0,00]0,00]0,00 0,00 [0,00 MWh Jan [Feb [Mar [Apr [Maj [Jun [Jul [Aug |Sep [Okt [Nov [Dec [Aret
El-opv. af central-VB _ [0,00 [0,00 [0,00 [0,00 [0,00 [[0,00 J0,00 0,00 |0,00 0,00 [0,00 [0,00 [0,00 Ydelse, Rumopv. 0,00 [0,00 0,00 [0,00 [0,00 [0,00 |0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00
El-tracing af VBV ror 0,00 0,00 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00]0,00 0,00 0,00 [0,00 Ydelse, VBV 0,00 [0,00 [0,00 [0,00 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00
Dec. elvandvarmere 0,00 0,00 0,00 [0,00 [0,00 |0,00 [0,00 [0,00 [0,00]0,00 0,00 0,00 [0,00 Talt 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 |0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00
Dec. gasvandvarmere  [0,00 [0,00 [0,00 [0,00 [0,00 [[0,00 [0,00 0,00 [0,00 0,00 [0,00 [0,00 [0,00 Daekningsgr. Rumopv. 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 |[0,00 [0,00 0,00 0,00 [0,00
Ialt 0,00 [0,00 0,00 [0,00 |0,00 [0,00 0,00 0,00 [0,00 0,00 0,00 [0,00 [0,00 Daekningsgr. VBV 0,00 0,00 0,00 0,000,00 J0,00 0,00 J0,00 [0,00]0,00]0,00 0,00
Elbehov i varmeanlaeg Varmepumpe, Elbehov
kWh Jan [Feb [Mar [Apr [Maj [Jun [iul JAug [Sep [Okt [Nov [Dec [Aret kWh Jan [Feb [Mar [Apr [Maj [jun [Jul [Aug [Sep [Okt [Nov [Dec [Aret
Direkte rumopv. 0 Jo Jo jo Jo 0 0 0 0 Jo Jo jo Jo Elbehov, rumopv. 0 Jo Jo Jo Jo 0 0 0 0o Jo Jo Jo Jo
Pumper 0 Jo Jo jo Jo 0 0 0 0 Jo jo jo Jo Elbehov, stb. rumopv. 0 o jo Jo o 0 0 0 0o Jo Jo Jo o
Talt 0 Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Elbehov, VBV 0 Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo TJo
KWh/m?2 0,0 0,0 Jo,0 Jo,0 Jo,0 o0 [o,0 Jo,0 Jo,0 Jo,0 Jo,0 Jo0 Jo0 Elbehov, stb. VBV 0 0 o 0 o [0 Jo Jo Jo Jo [0 Jo Jo
Elbehov i var Talt 0 Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo o o
kWh Jan |Feb [Mar [Apr [Maj [un [Jul JAug [Sep [Okt [Nov [Dec |Aret KWh/m2 0,0 [0,0 0,0 0,0 Jo,0 Jo,0 Jo0 Jo0 Jo,0 o0 Jo,0 Jo,0 [o,0
El-opv. af central-VWVB 0 0 0 0 0 0 0 0 0 0 0 0 0 Solvar Varme
El-tracing af VBV rgr 0 0 0 0 0 0 0 0 0 0 0 0 0 MWh Jan [Feb [Mar [Apr [Maj [un [aul JAug [Sep [okt [Nov [Dec [Aret
Ladekredspumpe 0 jo Jo jo Jo Jo Jo o jo Jo jo Jo o Ydelse, Rumopv. 0,00 0,00 0,00 0,00 [0,00 0,00 0,00 ][0,00 0,00 0,00 0,00 0,00 [0,00
Cirkulationspumpe vbv [0 o Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Ydelse, VBV 0,00 0,00 [0,00 0,00 [0,00 0,00 [0,00 [0,00 0,00 0,00 [0,00 [0,00 [0,00
I alt 0 Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Ialt 0,00 0,00 0,00 0,00 [0,00 [0,00 0,00 [[0,00 0,00 ]0,00 0,00 0,00 [0,00
kWh/m2 0,0 [0,0 J0,0 Jo,0 Jo,0 o0 [o,0 Jo,0 Jo,0 Jo,0 Jo,0 Jo0 Jo,0 Daekningsgr. Rumopv. 0,00 [0,00 0,00 [0,00 [0,00 0,00 0,00 [0,00 0,00 0,00 [0,00 [0,00
Elbehov i ventilati Daekningsgr. VBV 0,00 0,00 [0,00 0,00 [0,00 0,00 0,00 [[0,00 0,00 0,00 0,00 0,00
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Solvarmeanlzeg, Elbehov Ydelsesjustering 0 0 0 0 0 0 0 0 0 0 0 0 0
KWh Jan [Feb [Mar [Apr [Maj [un [Jul JAug [Sep [Okt [Nov [Dec [Aret Solceller, indregnet 0 o o jo jo o jo jo jo jo jo jo o
Pumpe 0 0 0 0 0 0 0 0 0 0 0 0 0 kWh/m2 0,0 0,0 |0,0 |0,0 0,0 J0,0 |O,0 |0,0 |O,0 |0,0 |0,0 |0,0 |O,0
Automatik 0 0 0 0 0 0 0 0 0 0 0 0 0 Vindmgller, indregnet 0 0 0 0 0 0 0 0 0 0 0 0 0
Ialt ) 0 0 0 0 0 0 0 0 0 0 0 0 kWh/m2 0,0 0,0 |0,0 |0,0 0,0 0,0 [O,0 |00 |O,0 |O,0 |0,0 |00 |O,0
kWh/m?2 0,0 |0,0 0,0 |0,0 |00 |00 [0,0 |00 |O,0 |O,0 |O,0 0,0 0,0 Nettovarmebehov i rum
Elbehov til ing. Indgér i bygni y MWh Jan [Feb [Mar [Apr [Maj [Jun oul Aug [Sep [Okt [Nov |[Dec [Aret
kwh Jan [Feb [Mar [Apr [Maj [jun [iul [Aug [Sep [Okt [Nov [Dec [Aret - - - - - - - - -
[Almen i brugstiden 4520[4082/3106 2?35 16;3 1638 [1693 19?5 2722 4520[4374]4520(37038 Var_mebab 20 262|074 230 | 623 |97 |11,01| 10,85 7,64 [5,17 |1,68 | 8,39
AIm. st.-by udenf. brug |0 0 0 ) 0 0 ) 0 0 0 0 0 0 Sollndfal.d 0,83 1,52 |2,77 |4,48 |6,16 |6,35 |6,13 |5,01 |3,39 1,88 |0,92 |0,54 |39,98
Arbejdsbelysning i Internt tilskud 4,02 3,63 |4,02 |3,89 4,02 |3,89 |4,02 |4,02 |3,89 4,02 3,89 |4,02 |47,30
brugstid 0 jo o jo jo jo jo jo jo jo jo jo |0 Fra ror og VB 0,00 [0,00 0,00 [0,00 0,00 [0,00 [0,00 [0,00 0,00 0,00 [0,00 0,00 [0,00
1alt 4520(4082]3106(2185]1693 [1638 1693 [1975 [2732]4520[4374]4520]37038 Samlet tilskud 4,84 5,14 |6,79 |8,37 |10,1710,23|10,159,03 |7,28 |5,89 |4,81 |4,56 |87,28
kWh/m2 31 (28 (22 |15 [1,2 1,1 1,2 |14 |19 3,1 (3,0 |3,1 |25,7 Relativt tilskud 1,94 1,96 |9,14 |2,14 |2,14 2,14 |2,14 2,14 |2,14 2,14 |2,14 |5,05
Elbehov til belysning. Anden belysning Udnyttelses-faktor 0,520,51 |0,11 |0,50 0,50 |0,50 |0,50 |0,50 |0,50 |0,50 |0,50 |0,20 |0,44
kWh Jan [Feb [Mar [Apr [Maj [Jun [3ul [Aug [Sep [Okt [Nov [Dec [Aret Del af mnd. med opv. 0,00 0,00 |0,00 |0,00 0,00 |0,00 |0,00 0,00 |0,00 |0,00 |0,00 |0,00
1 brugstiden 112 [101 112 108 [112 [108 [112 [112 [108 [112 [108 [112 [1314 Varmebehov 0,00 0,00 0,00 |0,00 0,00 0,00 {0,00 |0,00 0,00 0,00 |0,00 |0,00 |0,00
Natforbrug 0 0 0 0 0 0 0 0 0 0 0 0 0 Opvarm. i vent. VF 2,14{1,95 (2,04 1,81 1,62 (1,41 |1,40 |1,41 |1,52 |1,72 1,84 2,05 (20,90
Parkeringskaeldre mv 0 0 0 0 0 0 0 0 0 0 0 0 0 Netto rumopvarmning 2,141,95(2,04 1,81 1,62 |1,41 |1,40 (1,41 |1,52 1,72 |1,84 2,05 20,90
Udelys 0 0 0 0 0 0 0 0 0 0 0 0 0 I alt, kWh/m2 15 |14 |14 |1,3 |1,1 1,0 |10 j1,0 1,1 1,2 |1,3 14 |00
Ialt 112 101 112 |108 |112 108 |112 |112 |108 |112 |108 |112 |1314 ing, forceret vent., natvent. og keling
KWh/m2 0,1 [o1 [0,1 0,1 [o,1 [o,1 [o,1 [o,1 [o,1 [o,1 [o0,1 0,1 [0,9 Jan |Feb |Mar |Apr |Maj |[Jun |Jul |Aug |Sep |Okt |Nov |Dec Aret ‘
Elbehov til apperatur Solafsk., red. faktor 1,001,001,00 |1,00 |1,00 1,00 |1,00 |1,00 |1,00 1,00 1,00 |1,00
kWh Jan [Feb [Mar [Apr [Maj [un [Jul  [Aug |Sep [Okt [Nov [Dec Rret Forcering, andel 0,00 | 0,00 (0,00 |0,00 |0,40 (0,70 |0,78 |0,69 |0,25 (0,00 |0,00 |0,00
Apperatur 1875(1693( 187518141875 1814 [ 1875 [1875 [1814]1875]1814]1875]22075 Natventilation, andel 0,00 |0,00 |0,00 |0,00 |0,00 0,00 0,00 0,00 |0,00 0,00 0,00 0,00
Natforbrug, apparatur 0 0 0 0 0 0 0 0 0 0 0 0 0 Mekanisk kgling, andel 0,00 (0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 0,00 0,00 0,00
Seerligt app. i brugstiden |0 0 0 0 0 0 0 0 0 0 0 0 0 Middelventilation. Sum af naturlig og mekanisk ventilation
Seerligt app. altid o o Jo Jo Jo Jo Jo Jo Jo Jo Jo o Jo Jan |Feb [Mar [Apr [Maj [Jun [ul [Aug [sep [Okt [Nov [Dec [Aret |
Ialt 1875|1693 187?“ 1814|1875 | 1814 [1875 | 1875 | 1814)1875|1814 187?‘ 22075 m3/s 0,16 0,16 |0,16 |0,16 0,38 |0,54 |0,58 |0,53 0,30 0,16 0,16 |0,16
kWh/m2 1,3 [1,2 [1,3 [1,3 [1,3 13 |13 [13 [1,3 [13 [1,3 [1,3 [153 I/s m2 0,11 0,11 0,11 0,11 |0,26 |0,37 |0,40 |0,37 0,21 |0,11 |0,11 |0,11
Solceller og vindmgller Andel af tid p3 eller over 26,0 °C
kWh Jan [Feb [Mar [Apr [Maj [Jun [3ul [Aug [Sep [Okt [Nov [Dec [Aret [3an [Feb [Mar JApr [Maj [3un [ul [Aug [Sep [Okt [Nov [Dec [Aret |
Samlet el-behov 2132|1925]2132][2063|3494 |4364 4777 |4477 | 2891] 2132 2063|2132] 34580 Tidsandel [0,00]0,000,00 0,00 /0,00 0,00 0,00 [0,00 0,00]0,00]0,000,00{0,00 |
Solceller 0 0 0 0 0 0 0 0 0 0 0 0 0 isk koling, netto
Vindmgller 0 0 0 0 ] 0 0 0 0 0 0 0 0 Jan [Feb [Mar [Apr [Maj [Jun [Jul [Aug [Sep [Okt [Nov [Dec [Aret
Samlet ydelse 0 0 0 0 0 0 0 0 0 0 0 0 0 Mwh 0,00 0,00 0,00 |0,00 |0,00 |0,00 |0,00 0,00 0,00 [0,00 |0,00 |0,00 [0,00
Balance - - - - - - - - - - - - - kWh/m2 0,0 0,0 |0,0 |0,0 0,0 0,0 |O,0 |00 [O,0 |O,0 |0,0 |0,0 |O,0
2132|1925|2132|2063 3494 4364 |4777 |4477 |2891|2132|2063]2132|34580! Samlet W/m2
Overskud 0 0 0 0 0 0 0 0 0 0 0 0 0 Varmetab “33’4 ‘
1
file:///C|/Docy its and i speciale 2_res.xml[28-11-2013 22:10:42] file:///C|/De ts and i i speciale 2_res.xmi[28-11-2013 22:10:42]
Ventilation uden vgv om 87
vinteren "
I alt 42,1
Ventilation med vgv om 26
vinteren "
Ialt 36,0
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Calculation: Natural ventilation 20° Celsius:

Model:
Hammershus SBi Beregningskerne 6, 11, 11, 24
speciale 2
Be10 resultater: Hammershus
Energibehov
MWh Jan |Feb |[Mar |Apr [Maj [Jun |Jul |Aug |Sep |Okt |Nov |Dec Rret
Varme 14,54]12,79|10,51|4,81 |0,02 0,00 |0,00 0,00 |0,16 |4,41 [9,09 |12,93]69,27
El til bygningsdrift 0,00 |0,00 |0,00 {0,00 |0,00 |0,00 |0,00 (0,00 |0,00 |0,00 |0,00 |0,00 |0,04
Overtemperatur 10,00 10,00 |0,00 |0,00 |0,00 0,00 |0,00 |0,00 [0,00 |0,00 [0,00 |0,00 |0,00
Samlet energibehov
MWh Jan [Feb [Mar [Apr [Maj [jun [Jul [Aug [Sep [Okt [Nov [Dec [Aret
BR 2010 14,55)12,80/10,52|4,82 |0,03 |0,01 0,01 0,01 0,17 |4,42 |9,10 |12,94]|69,38
kWh/m?2 10,1 |89 |73 |33 |00 |0,0 0,0 0,0 |O,1 |3,1 |63 |90 [48,2
'ig‘ﬁ”efgibygge” 11,64/10,24/8,42 (3,86 (0,03 0,01 |0,01 |0,01 0,14 |3,54 |7,28 |10,35|55,52
kWh/m2 81 |71 |58 |2,7 |0,0 |00 |00 |O,0 |O,1 |25 |51 |72 [38,6
Byggeri 2020 8,73 |[7,68 |6,31 [2,89 [0,02 [0,01 [0,01 [0,01]0,10(2,65 5,46 [7,76 [41,64
kWh/m?2 61 |53 |44 |20 |00 |00 |00 |00 |O,1 |1,8 |38 |54 |289
Var Ekstern ing til i
MWh Jan [Feb [Mar [Apr [Maj [Jun [iul [Aug [Sep [okt [Nov |[Dec [Aret
Kedel/fiernvarme | 14,54]12,79]10,51]4,81 [0,02 [0,00 [0,00 [0,00]0,16 [4,41 [9,09 [12,93]69,27
Gasstrélevarmere 0,00 0,00 |0,00 |0,00 |0,00 |0,00 0,00 0,00 0,00 0,00 |0,00 |0,00 |0,00
Gasvandvarmere 0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,00)0,00 0,00 |0,00 |0,00 |0,00
Kaling 0,00 0,00 |0,00 |0,00 |0,00 |0,00 0,00 0,00 0,00 0,00 |0,00 |0,00 |0,00
Talt 14,54|12,79|10,51| 4,81 |0,02 |0,00 |0,00 |0,000,16 4,41 9,09 |12,93|69,27
KWh/m2 10,1 [8,9 [73 [3,3 [0,0 [00 [0,0 [0,0 [o,1 [31 [63 [9,0 [48,1
Elbehov. Ekstern ing til bygning. i i
kWh Jan |[Feb [Mar [Apr [Maj [Jun [iul [Aug [Sep [Okt [Nov [Dec [Aret
Centralvarmeanleeg |0 0 0 0 0 0 0 0 0 0 0 0 0
Varmt brugsvand 0 0 0 0 0 0 0 0 0 0 0 0 0
Ventilationsanleeg 0 0 0 0 0 0 0 0 0 0 0 0 0
Kedel/fjernvarme 4 3 4 4 4 4 4 4 4 4 4 4 44
Varmepumpe 0 0 0 0 0 0 0 0 0 0 0 0 0
Solvarme 0 0 0 0 0 0 0 0 0 0 0 0 0
Rumopvarmning 0 0 0 0 0 0 0 0 0 0 0 0 0
Dec. elvandvarmere |0 0 0 0 0 0 0 0 jo o 0 0 0
Koling 0 0 0 0 0 0 0 0 0 0 0 0 0
Belysning 0 0 0 0 0 0 0 0 0 0 0 0 0
1 alt til bygningsdrift |4 3 4 4 4 4 4 4 4 4 4 4 44
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Centralanlzeg 12,2 11,0 12,2 11,8 [12,2 [11,8 [12,2 [12,2[11,8 12,2 [11,8 12,2 |144,0
Decentrale elvarmere|0,0 [0,0 |0,0 0,0 0,0 0,0 0,0 [0,0 0,0 |0,0 [0,0 |0,0 [O,0
g’;’;j:r'r:fe'fe 0,0 [0,0 |00 00 [00 |00 Jo0 |00 [0,0 0,0 [0,0 |00 |00
Talt 12,2 (11,0 [12,2 11,8 [12,2 [11,8 [12,2 [12,2]11,8[12,2 [11,8 [12,2 [144,0

Varmt brugsvand, Varmebehov
MWh Jan |Feb |Mar |Apr |Maj [Jun (Jul |Aug [Sep |Okt |[Nov |Dec Rret
Central VB 0,64 0,58 0,64 [0,62 [0,64 [0,62 [0,64 [0,640,62]0,64 0,62 [0,64 [7,56
Dec. elvarmer 0,00 0,00 0,00 [0,00 [0,00 [0,00 [0,00 [0,00]0,00 0,00 ][0,00 J0,00 0,00
Dec. gasvarmer 0,00 0,00 0,00 [0,00 [0,00 [0,00 [0,00 [0,00]0,00]0,00 |[0,00 J0,00 0,00
Opvarmning i alt  |0,64 |0,58 [[0,64 |0,62 0,64 [0,62 [0,64 [0,64 0,62 [0,64 [0,62 [0,64 [7,56
Tab central VWB 0,00 /0,00 |0,00 |0,00 |0,00 |0,00 [0,00 (0,00 0,00 0,00 0,00 |0,00 |0,00
Tab tislutningsror til 1,00 10,00 {0,00 0,00 {0,00 J0,00 0,00 |0,00 0,00 0,00 0,00 J0,00 |0,00
VBV rgrtab 0,00 /0,00 |0,00 |0,00 |0,00 |0,00 [0,00 [0,00 0,00 0,00 0,00 |0,00 |0,00
zli\i/t;r?cicérmere 0,00 |0,00 |0,00 |0,00 (0,00 0,00 (0,00 (0,000,00 0,00 0,00 |0,00 |0,00
Tab dec. 0,00 0,00 |0,00 |0,00 (0,00 0,00 (0,00 [0,00|0,00 0,00 0,00 |0,00 |0,00
gasvandvarmere 4 ' 4 4 4 4 ’ 4 4 4 4 4 4
Tabialt 0,00 0,00 |0,00 |0,00 |0,00 |0,00 (0,00 |0,00|0,000,00 0,00 |0,00 |0,00
Talt 0,64 |0,58 |0,64 |0,62 |0,64 |0,62 |0,64 |0,64|0,62|0,64 [0,62 |0,64 |7,56
kWh/m?2 04 |04 |04 |04 |04 |04 |04 |04 |04 |04 |04 |04 |53

Varmt br ing af var
Mwh Jan [Feb |[Mar [Apr [Maj [aun [Jul [Aug [Sep [Okt |[Nov |[Dec [Aret
Kedel/fjernvarme 0,00 |0,00 |0,00 0,00 |0,00 |0,00 (0,00 (0,00 0,00|0,00 |0,00 (0,00 (0,00
Solvarmeanlaeg 0,00 |0,00 0,00 |0,00 |0,00 |0,00 |0,00 |0,000,00]0,00 | 0,00 0,00 |0,00
Varmepumpe 0,00 |0,00 0,00 |0,00 |0,00 |0,00 |0,00 |0,000,000,00 | 0,00 0,00 |0,00
\E,'\;gp"- af central- 6 59 10,00 |0,00 0,00 [0,00 |0,00 |0,00 |0,000,00|0,00 |0,00 |0,00 |0,00
El-tracing af VBV rgr |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,000,00|0,00 |0,00 |0,00 |0,00
Dec. elvandvarmere |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,000,00|0,00 |0,00 |0,00 |0,00
gasvandvarmere 0,00 |0,00 0,00 |0,00 |0,00 |0,00 |0,00 |0,00]0,00]0,00 |0,00 |0,00 |0,00
Talt 0,00 [0,00 [0,00 |[0,00 [0,00 [ 0,00 [0,00 [0,000,00]0,00 [0,00 [0,00 [0,00
Elbehov i varmeanlaeg

kWh Jan |Feb |Mar |Apr |Maj |Jun |[Jul |[Aug [Sep |Okt |[Nov |Dec Rret
Direkte rumopv. 0 0 0 0 0 0 0 0 0 0 0 0 0
Pumper 0 0 0 0 0 0 0 0 0 0 0 0 0
I alt 0 0 0 0 0 0 0 0 0 0 0 0
KWh/m2 0,0 [0,0 [0,0 [00 00 [00 [0,0 [0,0 [0,0 [o,0 0,0 [0,0 [0,0

Elbehov i var

1 16n|e:///c\/Documems and

speciale 2_res.xmi[28-11-2013 21:48:18]

KWh/m?2 [o,0 Jo0 Joo Joo Joo Joo Joo0 Jo0 fo0 Joo Jo0 Joo0 o0
Ekstern ing til bygning. Andet elforbrug
kWh Jan |Feb |Mar |Apr |[Maj [Jun Jul |Aug |[Sep |Okt |Nov |Dec Rret
/Anden belysning 112 101 112 |108 |112 108 |112 |112 |108 |112 |108 |112 |1314
Apperatur 1875 ||1693 |1875 |1814 |1875 [1814 | 1875 |1875|1814|1875 |1814 |1875 |22075
I alt til andet 1986 1794 |1986 |1922 1986 (1922 | 1986 |1986|1922|1986 |1922 1986 |23389
kWh/m2 1,4 1,2 |14 1,3 |14 1,3 |14 |14 1,3 |14 (1,3 |14 |16.2
Elbehov. Ekstern ing til ing. Samlet
kwh Jan [Feb [Mar [Apr [Maj [un [Jul JAug [Sep [Okt [Nov |[Dec [Aret
Bygningen 1990 1798 |1990 |1926 [1990 (1926 | 1990 [1990|1926|1990 |1926 |1990 |23433
Solcelleydelse 0 0 0 0 0 0 0 0 0 0 0 0 0
Vindmglleydelse 0 0 0 0 0 0 0 0 o Jo 0 0 0
Resulterende 4 3 Ja o Ja fa Ja a4 14 |4 4 |4 |a
El til opvarmning 0 0 0 0 0 0 0 0 0 0 0 0 0
gL“I';ram"ﬁﬁge"d 4 3 Ja o Ja fa Ja Ja 14 |4 4 |4 |a
Rumopvarmning, Varmebehov
MWh Jan |Feb |Mar |Apr |Maj [Jun |Jul |Aug |Sep |Okt |Nov |Dec Rret
Irum 14,54|12,79|10,51| 4,81 |0,02 |0,00 |0,00 |0,00 0,16 |4,41 |9,09 |12,93|69,27
Vent. varmefi. 0,00 0,00 [0,00 [0,00 [0,00 [0,00 0,00 [0,00 0,00 0,00 [0,00 [0,00 [0,00
Rortab 0,00 0,00 |0,00 |0,00 |0,00 (0,00 |0,00 0,00 0,00 0,00 |0,00 |0,00 |0,00
Talt 14,54[12,79[10,51]4,81 [0,02 |0,00 |0,00 [0,00[0,16 [4,41 |9,09 [12,93(69,27

I alt, kWh/m?2

10,1 |89 |73 3,3 |00 |00 0,0 |00 |O,1 3,1 |63 |90 |48,1
pvarmning, D ing af

ventilationsanlaeg

MWh Jan |Feb |Mar |Apr |Maj [Jun |Jul [Aug |Sep |Okt |[Nov |Dec Rret
Kedel/fiernvarme 14,54/12,79|10,51] 4,81 |0,02 |0,00 |0,00 |0,00)0,16 |4,41 |9,09 |12,9369,27
Solvarmeanlaeg 0,00 0,00 |0,00 |0,00 |0,00 {0,00 0,00 |0,00|0,000,00 |0,00 |0,00 |0,00
Varmepumpe 0,00 0,00 |0,00 |0,00 |0,00 {0,00 0,00 |0,00]0,000,00 |0,00 |0,00 |0,00
El-rumopvarmning | 0,00 | 0,00 [0,00 |0,00 | 0,00 | 0,00 |0,00 |0,00]0,00]0,00 [0,00 [0,00 [0,00
EI-VF i

0,00 |0,00 |0,00 |0,00 |0,00 |0,00 0,00 |0,000,00]0,00 0,00 |0,00 |0,00

Breendeovne mm.

0,00 0,00 |0,00 |0,00 |0,00 | 0,00 |0,00 |0,00]0,000,00 |0,00 |0,00 |0,00

Talt

14,54|12,79|10,51(4,81 | 0,02 | 0,00 |0,00 |0,00)0,16|4,41 |9,09 |12,93|69,27

Varmt brugsvand, Varmtvandsbehov

m3

[Jan [Feb [Mar [Apr [Maj [Jun [ul [Aug[Sep [Okt [Nov [Dec [Aret

Samlet forbrug

[12,2 J11,0 12,2 [11,8 [12,2 J11,8 12,2 [12,2]11,8[12,2 [11,8 [12,2 [144,0

Varmt brugsvand, Forsyning

m3

=

[pan_[Feb [Mar [Apr [Maj [iun [oul [Aug [Sep [Okt [Nov [Dec [Aret
1 T T T T 1
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kWh

Jan [Feb [Mar JApr [Maj [aun [aul [Aug [Sep [Okt [Nov [Dec [Aret

Eoopvafcentral o do o fo o Jo o Jo Jo Jo Jo Jo o
El-tracing af VBV rer |0 0 0 0 0 0 0 0 0 0 0 0 0
Ladekredspumpe 0 0 0 0 0 0 0 0 0 0 0 0 0
Grkulationspumpe o Jo o fo o Jo o Jo Jo Jo Jo Jo o
Talt 0 0 0 0 0 0 0 0 0 0 0 0 0
kWh/m?2 0,0 |00 |00 |00 |00 |00 |00 |00 [0,0 [0,0 |00 |00 |O,0
Elbehov i
kWh Jan [Feb [Mar [Apr [Maj [iun Jul [Aug [Sep [Okt [Nov [Dec [Aret
Varmeflader 0 0 0 0 0 0 0 0 0 0 0 0 0

Ventilatorer

0 0 0 0 0 0 0 0 0 0 0 0 0

Talt 0 0 0 0 0 0 0 0 0 0 0

KWh/m2 0,0 [0,0 [0,0 [0,0 [00 [00 [00 [o,0 [0,0 [0,0 0,0 [o,0 [0,0
Kedel/fjernvarmeveksler, Varme

Mwh Jan [Feb [Mar [Apr [Maj [Jun [iul [Aug [Sep [Okt [Nov |Dec [Aret

Ydelse 14,54|12,7910,51|4,81 |0,02 |0,00 |0,00 |0,00|0,16 |4,41 |9,09 |12,93|69,27

Forbrug 14,54|12,79|10,51|4,81 |0,02 |0,00 |0,00 |0,00|0,16 |4,41 |9,09 |12,93|69,27

Udnytteligt varmetab | 0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 (0,00 0,00 0,00 |0,00 |0,00 |0,00

Virkningsgrad 100 [100 100 100 |100 |O 0 0 100 |100 |100 |100 100
Kedel/fjernvarmeveksler, Elbehov

kWh Jan [Feb |[Mar [Apr [Maj [Jun [aul [Aug [Sep [Okt [Nov |Dec [Aret

Braender, kWh

0 0 0 0 0 0 0 0 o Jo 0 0 0

Automatik, kWh

4 3 [4 4 Ja & & (4 |4 |4 44

~
IS

Talt

4 3 |4 [4 [4 [4 |4 [4 4 [4 4 [4 [4

KWh/m2 0,0 |00 0,0 |00 [00 [0,0 [00 [0,0 |0,0 [0,0 [0,0 0,0 [0,0
Varmepumpe, Varme

MWh Jan |Feb |Mar |Apr |Maj |Jun |[Jul |[Aug [Sep |Okt |[Nov |Dec Rret

Ydelse, Rumopv. 0,00 [0,00 |0,00 0,00 [0,00 |0,00 |0,00 |0,00{0,00 [0,00 | 0,00 0,00 [0,00

Ydelse, VBV 0,00 0,00 0,00 |0,00 | 0,00 [0,00 | 0,00 |0,00]0,00[0,00 [0,00 |0,00 |0,00

Talt 0,00 0,00 0,00 |0,00 | 0,00 [0,00 | 0,00 |0,00]0,00{0,00 [0,00 |0,00 0,00

Eﬁgg“fsg“ 0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 [0,000,00|0,00 |0,00 |0,00

Daekningsgr. VBV

0,00 |0,00 |0,00 0,00 |0,00 |0,00 |0,00 [0,00]0,000,00 |0,00 |0,00

Varmepumpe, Elbehov

kWh Jan [Feb |Mar [Apr [Maj [aun [3ul [Aug [Sep [Okt [Nov [Dec [Aret
Elbehov, rumopv. 0 0 0 0 0 0 0 0 0 0 0 0 0
Elbehov, stb.

rumopy. 0 0 0 0 0 0 0 0 0 0 0 0 0
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Elbehov, VBV 0 0 0 0 0 0 0 0 0 0 0 0 0
Elbehov, stb. VBV 0 0 0 0 0 0 0 0 0 0 0 0 0
Ialt 0 0 0 0 0 0 0 0 0 0 0 0
kWh/m2 0,0 0,0 |00 0,0 |0,0 |00 |00 |O,0 (0,0 jO,0 [O,0 |O,0 0,0
Solvar Varme
Mwh Jan [Feb [Mar [Apr [Maj [oun [3ul JAug [Sep [okt [Nov |[Dec [Aret
Ydelse, Rumopv. 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00]0,00 [0,00 [0,00 [0,00 [0,00
Ydelse, VBV 0,00 |0,00 |0,00 |0,00 |0,00 0,00 |0,00 |0,00 0,00 0,00 |0,00 |0,00 |0,00
Talt 0,00 |0,00 |0,00 0,00 |0,00 |0,00 |0,00 |0,00 [0,00|0,00 (0,00 |0,00 |0,00
Efn'fggjlg'sgr- 0,00 10,00 [0,00 0,00 0,00 |0,00 [0,00 |0,00 |0,00 0,00 |0,00 |0,00
Daekningsgr. VBV |0,00 [0,00 [0,00 [0,00 [0,00 [0,00 0,00 [0,00[0,00]0,00 [0,00 [0,00
Solvarmeanlag, Elbehov
kwh Jan [Feb |[Mar [Apr [Maj [iun [3ul [Aug [Sep [Okt [Nov |[Dec [Aret
Pumpe 0 0 0 0 0 0 0 0 0 0 0 0 0
Automatik 0 0 0 0 0 0 0 0 0 0 0 0 0
Talt 0 0 0 0 0 0 0 0 0 0 0
kWh/m2 0,0 |00 |00 |00 |00 |00 |O,0 0,0 0,0 0,0 |O,0 |00 |0O,0
Elbehov til ing. Indgér i i y
KWh Jan [Feb [Mar [Apr [Maj [un [iul [Aug [Sep [Okt [Nov [Dec [Aret
Almen i brugstiden 4520 |4082 |3106 | 2185 |1693 | 1638 | 1693 1975(2732[4520 [4374 [4520 [37038
o stobyuden. ol Jo Jo o Jo o Jo o fo o o o
@:ﬁgﬁﬂ’e"’mi”gi o Jo Jo Jo Jo Jo Jo Jo Jo Jo lo Jo o
Talt 4520 | 4082 | 3106 | 2185 | 1693 | 1638 | 1693 | 1975| 2732|4520 | 4374 | 4520 | 37038
kWh/m?2 31 28 |22 |15 |12 (1,1 1,2 |14 |19 |3,1 |30 3,1 |257
til ing. Anden i
kWh Jan |Feb |Mar |Apr |Maj [Jun |Jul [Aug |Sep |Okt |Nov | Dec Rret
1 brugstiden 112 101 112 |108 |112 |108 |112 |112 |108 |112 (108 |112 1314
Natforbrug 0 0 0 0 0 0 0 0 0 0 0 0 0
Parkeringskeeldre mv |0 0 0 0 0 0 0 0 0 0 0 0 0
Udelys 0 0 0 0 0 0 0 0 0 0 0 0 0
Talt 112 101 |112 108 112 108 |112 |112 |108 112 |108 | 112 |1314
KWh/m2 01 o1 [o1 o1 [o1 |01 o1 |01 [o1 [0, |01 [0,1 [0,
Elbehov til apperatur
kwh Jan |[Feb [Mar [Apr [Maj [Jun [Jul [Aug |[Sep [Okt [Nov [Dec [Aret
Apperatur 18751693 |1875 |1814 |1875 |1814 |1875 |1875]1814|1875 |1814 1875 |22075
g o o o Jo Jo Jo Jo o o o Jo Jo o
file:///C and speciale 2_res xmi[28-11-2013 21:48:18]
Natventilation, andel |0,00 [0,00 |0,00 |0,00 |0,00 |0,00 |0,00 0,00 [0,00 0,00 |0,00 |0,00
Mekanisk kaling, 0,00 10,00 {0,00 0,00 |0,00 Jo,00 0,00 [0,00 Jo,00 0,00 0,00 Jo,00
Sum af naturlig og mekani i
Jan |Feb |Mar |Apr |Maj |Jun |Jul |Aug [Sep |Okt |Nov |Dec \Aret
m3/s 0,16 [0,16 [0,16 [0,16 [0,88 [1,59 [1,81 |1,60[0,60]0,16 [0,16 [0,16
I/s m2 0,11 [0,11 [0,11 [0,11 0,61 [1,11 [1,26 [1,11 0,42 0,11 [0,11 [0,11
Andel af tid pa eller over 26,0 °Cr
[3an |Feb [Mar JApr [Maj Jun [ul JAug [[Sep JOkt [Nov [Dec [Aret
Tidsandel [0,00 Jo,00 ]o,00 Jo,00 ]o,00 Jo,00 Jo,00 Jo,00]o0,00]0,00 Jo,00 Jo,00 [o,00
Mekanisk kgling, netto
Jan [Feb |[Mar [Apr [Maj [aun [3ul [Aug [Sep Okt [Nov [Dec |Aret
MWh 0,00 |0,00 |0,00 |0,00 |0,00 |0,00 [0,00 (0,00 0,00 0,00 0,00 |0,00 |0,00
kWh/m?2 00 |00 |00 |0,0 0,0 |o,0 (0,0 (0,0 |O,0 [O,0 f0O,0 |O,0 |0O,0
Samlet varmetab, W/m2
Varmetab 33,4
Ventilation uden vgv 87
om vinteren 4
Talt 42,1
Ventilation med vgv 87
om vinteren 4
Talt 42,1
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Eﬁg‘sgﬁtdaeﬁp-‘ooooooooooooo
Seerligtapp.altid [0 Jo Jo Jo Jo Jo Jo fo Jo Jo Jo o o
Talt 1875 [ 1693 [1875 [1814 [1875 [1814 [1875 [1875]1814]1875 [1814 [1875 [22075
kWh/m2 13 [12 13 1,3 [1,3 [1,3 1,3 [1,3 [1,3 [1,3 [1,3 [1,3 [153

Solceller og vindmgller
kwh Jan [Feb |[Mar [Apr [Maj [iun [3ul JAug [Sep [Okt |Nov [Dec [Aret
Samlet el-behov 1879 [ 1697 [1879 [1818 [1879 [1818 [1879 [1879]1818]1879 [1818 [1879 [22119
Solceller 0 Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo
Vindmgller 0 Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo
Samlet ydelse 0 0 0 0 0 0 0 0 0 0 0 0 0
Balance 1879 |1697 | 1879 | 1818 | 1879 |1818 |1879 |1879|1818|1879 | 1818 | 1879 |22119
Overskud 0 Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo
Ydelsesjustering 0 0 0 0 0 0 0 0 0 0 0 0 0
Solceller, indregnet |0 0 0 0 0 0 0 0 0 0 0 0 0
kWh/m2 0,0 [00 Joo0 Jo0 [00 Joo0 Joo [o,0 [0,0 o0 Joo [o0 [o,0
?ﬁgf:;ggf“ooooooooooooo
KWh/m?2 00 [0,0 [o,0 o0 [00 Jo0 Jo0 [o,0 [0,0 [00 Jo0 [o0 [o,0

Nettovarmebehov i rum
MWh Jan |Feb |Mar |Apr |Maj |[Jun |Jul |[Aug [Sep |Okt |Nov |Dec Rret
Varmetab 19,38[17,93[17,30[13,17/8,22 4,57 [[3,40 |3,59]6,86 [10,30]13,91[17,49] 136,14
Solindfald 0,83 [1,52 |2,77 4,48 [6,16 |6,35 [6,13 [5,01]3,39]1,88 [0,92 [0,54 39,98
Internt tilskud 4,02 3,63 [4,02 3,89 [4,02 |3,89 [4,02 [4,02]3,89]4,02 3,89 [4,02 [47,30
Fra ror og VB 0,00 [0,00 0,00 0,00 [0,00 [0,00 0,00 [0,00]0,00]0,00 [0,00 [0,00 |0,00
Samlet tilskud 4,84 5,14 [6,79 |8,37 [10,17]10,23]10,15[9,03[7,28] 5,89 [4,81 [4,56 [87,28
Relativt tilskud 0,25 [0,29 [0,39 [0,64 [1,24 [2,24 [ 2,98 |2,51]1,06]0,57 [0,35 [0,26
Udnyttelses-faktor [1,00 |1,00 [1,00 [1,00 [0,80 [0,45 [0,34 [0,40]0,90] 1,00 |1,00 [1,00 [0,82 ]
g;\'ff'""d- med 1,00 |1,00 | 1,00 |1,00 0,23 |0,00 |0,00 |0,00|0,51 (1,00 |1,00 |1,00
Varmebehov 14,54] 12,79[10,51]4,81 [0,02 0,00 [0,00 [ 0,00]0,164,41 [[9,09 [12,93[69,27
Opvarm. i vent. VF 0,00 0,00 [0,00 [0,00 ]0,00 |0,00 [0,00 [0,00]0,00]0,00 [0,00 [0,00 [0,00
merf‘tgpvarmning 14,54/ 12,79/10,51(4,81 | 0,02 [0,00 |0,00 (0,00 |0,16 |4,41 [9,09 [12,93|69,27
I alt, kWh/m2 10,1 [8,9 73 [33 Jo0 Jo0 Joo Joo Jo1 [31 [63 Jo.0 [481

ing, forceret vent., natvent. og kgling

Jan [Feb [Mar [Apr [Maj [dun [Jul JAug [Sep [Okt [Nov [Dec [Aret

Solafsk., red. faktor [1,00 [1,00 [1,00 [1,00 [1,00 |1,00 [1,00 1,00 1,00 ]1,00 [[1,00 [1,00
Forcering, andel 0,00 0,00 0,00 [[0,00 [0,33 Jo,66 [0,76 [0,67 0,20 [0,00 J0,00 0,00
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Calculation: Mechanical ventilation 5° Celsius:

. N N kwh Jan [Feb [Mar [Apr [Maj Joun oul JAug [Sep [okt [Nov [Dec |Aret
Models'p:cai':l':grsm‘s H CHl Bl e & Hy, iy 20 [Anden belysning 112 [101 [112 [108 [112 |108 [112 [112 |108 [112 |108 |112 |1314
Be10 resultater: Hammershus Apperatur 1875]1693]1875]1814] 1875 [1814 1875 [1875 || 1814]1875]1814]1875[22075
Energibehov Talt til andet 1986]1794]1986[1922] 1986 [1922 [[1986 [1986 [[1922]1986]1922]1986]23389)
MWh Jan |Feb |Mar |Apr |Maj |Jun |Jul |Aug |Sep |Okt |Nov |Dec R kWh/m?2 14 (1,2 |14 |13 |14 1,3 |14 |14 |13 [1,4 |13 |14 |16,2
Varme 2,14 1,95 (2,04 |1,81 |1,62 |1,41 |1,40 |1,41 1,52 (1,72 |1,84 |2,05 |2 Elbehov. Ekstern forsyning til bygning. Samlet elbehov
El til bygningsdrift 0,26 (0,23 0,26 |0,25 (1,62 (2,55 (2,90 (2,60 |1,080,26 |0,25 [0,26 |1. kWh Jan |Feb [Mar |Apr [Maj |Jun |Jul |Aug |Sep |Okt |Nov |Dec Rret
Overtemperatur i rum 0,00 0,00 [0,00 [0,00 [0,00 [0,00 |0,00 ]0,00 0,00 [0,00 [0,00 0,00 ], Bygningen 22432026]2243[2171]3605 |4472 | 4889 |4588 |2999]2243|2171]2243|35894
Samlet energibehov Solcelleydelse 0 0 0 0 0 0 0 0 0 0 0 0 0
MWh Jan [Feb [Mar [Apr [Maj [aun [oul JAug [Sep [Okt [Nov [Dec [R Vindmglleydelse (U () o |0 0 0 0 0 0o |0 0o |0 0
BR 2010 2,78 (2,53 (2,68 (2,43 [5,67 7,78 8,65 7,91 [4,21]2,36 [2,46 [2,69 |5 Resulterende elbehov 257 |232 |257 (249 |1619 |2549 |2902 |2602 |1076|257 (249 (257 |12505!
KWh/m? 19 [1,8 [1,9 |17 [39 [54 I60 |55 [29 [16 |17 1.9 |3 El til opvarmning 0 jo jo jo jo 0 0 0 0o jo jo o jo
Lavenergibyggeri 2015 [2,35 2,14 [2,27[2,07 5,34 [7,50 [8,37 [7,63 [3,90 [2,02]2,10 [2,28 [4 El til andet end 257 1232 1257 1249 11619 |2549 |2902 |2602 1076|257 |249 |257 |12505
KWh/m2 16 15 |16 |14 13,7 |52 |58 |53 |27 |54 L5 |16 |3 opvarmning _
Byggeri 2020 1,74 11,59 [1,69|1,53 [3,89 |5,44 |6,06 |5,53 2,85 |1,49 |1,55 |1,69 |3 Rumopvarmning,Varmeheho,
Wh/m2 12 111 12 111 27 138 42 s [20 [0 [11 [12 2 MWh Jan |Feb [Mar |Apr [Maj |Jun |Jul |Aug |Sep |Okt |Nov |Dec Aret
Vo — T - Trum 0,00 [0,00 0,00 [0,00 0,00 [0,00 [0,00 [0,00 |0,00 [0,00 0,00 [0,00 [0,00
e o Tre [var Tpr M) Toon Pl Tacg [Sep Tkt Tow Tooc T Vent. varmefl, 2,14 1,95 2,04 [1,81 1,62 |1,41 |1,480 |1,41 |1,52 |1,72 |1,84]2,05 20,90
Kedel/fiernvarme 2,14 1,95 [2,04 [1,81 1,62 [1,41 [1,40 [1,41 [1,52]1,721,84 2,052 Rortab 0,0010,000,000,00 10,00 10,00 0,00 10,00 0,00 0,00 ]0,00 /0,00 ]0,00
2 i A A / / /- / - r ’ A Talt 2,141,95(2,04 |1,81]1,62 |1,41 |1,40 |1,41 |1,52 1,72 1,84 2,05 |20,90
Gasstrélevarmere 0,00 0,00 [0,00 0,00 [0,00 [0,00 [0,00 [[0,00 [0,00 [0,00 [0,00 0,00 o, o K R P 2 Y N X X P R R R B S
Gasvandvarmere 0,00 0,00 [0,00 0,00 [0,00 [0,00 [0,00 [[0,00 [0,00 [0,00 [0,00 0,00 o, - T
Koling 0,00 0,00 [0,00 0,00 [0,00 [0,00 [0,00 [[0,00 [0,00 [0,00 [0,00 [0,00 0, MWh Jan [Feb [Mar [Apr [Maj [Jun |Jul |Aug |Sep |Okt |Nov |Dec |Aret
[ alt 2,14]1,95|2,04 1,81 |1,62 |1,41 [1,40 |1,41 |1,52]1,721,84]2,05 2 Kedel/fiernvarme 2,14 [1,95 [2,04 [1,81 |1,62 |1,41 |1,40 |1,41 |1,52|1,72 |1,84 2,05 20,90
kWh/m? 15 14 14 J13 1,1 10 J1,0 J1,0 jit 1.2 J1,3 J14 |1 Solvarmeanlzeg 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 0,00 [0,00 [0,00
Ekstern ing til bygning ingsdri Varmepumpe 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00
KWh Jan_[Feb [Mar [Apr [Maj [lun [l _JAug [Sep Okt [Nov [Dec [A El-rumopvarmning 0,00 /0,00 0,00 [0,00 0,00 [0,00 {0,00 0,00 0,00 [0,00 |0,00 [0,00 |0,00
Centralvarmeanlaeg 0 Jo Jo jo jo jo Jo jo o jo jo jo Jo EI-VF | ventilationsanizeg 0,00 |0,00 0,00 [0,00 |0,00 [0,00 |0,00 0,00 |0,00 [0,00 0,00 [0,00 [0,00
Varmt brugsvand 0 o Jo Jo o o jo Jo o jo o |0 Jo Breendeovne mm. 0,00 [0,00 0,00 [0,00 0,00 [0,00 0,00 [0,00 |0,00 |0,00 0,00 |0,00 [0,00
Ventilationsanleeg 253 [229 [253 [245 1615 [2546 |2899 [2598 [1073]253 [245 |253 |1 Talt 2,14 1,95 2,04 [1,81 1,62 |1,41 [1,40 |L,41 |1,52 1,72 |1,84 |2,05 20,90
Kedel/fjemvarme 4 I3 4 |4 4 4 4 |4 4 |4 4 4 |4 Varmt brugsvand, Varmtvandsbehov
Varmepumpe 0 Jo Jo jo jo jo jo jo o jo jo jo Jo m3 [3an JFeb [Mar [Apr [Maj [Jun [Jul JAug [Sep [Okt [Nov [Dec [Aret |
Solvarme 0 o o jo jo jo jo jo jo jo o o jo Samlet forbrug [12,2]11,0]12,2]11,8]12,2 [11,8 [12,2 [12,2 [11,8[12,2]11,8[12,2]144,0]
Rumopvarmning 0 0 0 0 0 0 0 0 0 0 0 0 0 Varmt br F i
Dec. elvandvarmere 0 o Jo jo o 0 0 0 0 0 jo jo jo m3 Jan [Feb [Mar [Apr [Maj [iun [Jul [Aug [Sep JOkt [Nov [Dec [Aret
Keling 0 o jo jo Jo 0 0 0 0 Jjo jo jo jo Centralanleeg 12,2 [11,0 12,2 11,8 12,2 [11,8 [12,2 [12,2 [11,8]12,2 11,8 [12,2]144,0
Belysning 0 0 Jo jo jo jo jo jo jo jo jo jo jo Decentrale elvarmere 0,0 [0,0 [0,0 [0,0 J0,0 Jo,0 fo,0 o0 Jo,0 Jo,0 Jo,0 0,0 Jo,0
I alt til bygningsdrift 257 232 (257 |249 |1619 |2549 |2902 |2602 (1076|257 |249 |257 |1. Decentrale gasvarmere  [0,0 [0,0 [0,0 [0,0 0,0 Jo,0 Jo,0 Jo,0 [0,0 Jo,0 Jo,0 J0,0 ]o,0
kWh/m?2 02 Jo2 Jo2 fo2 1,1 Ji8 2,0 Ji8 Jo,7 o2 Jo2 Jo2 [g, Talt 122 11,0122 [11,8]12,2 [11,8 [12,2 [12,2 [11,8[12,2]11,8[12,2]144,0
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Varmt brugsvand, Varmebehov
MWh Jan [Feb [Mar JApr [Maj [iun [iul JAug [Sep [Okt [Nov [Dec [Aret kwh Jan [Feb [Mar [Apr [Maj [iun [iul JAug [Sep [Okt [Nov [Dec [Aret
Central VB 0,64 0,58 [0,64 [0,62 [0,64 [0,62 0,64 [0,64 [0,62]0,64 [0,62]0,64 [7,56 Varmeflader o 0 o Jo Jo Jo Jo Jo o Jo o Jo Jo
Dec. elvarmer 0,00 [[0,00 [0,00 [0,00 [0,00 [0,00 [0,00 |0,00 0,00 0,00 [0,00 0,00 [0,00 Ventilatorer 253 [229 [253 |245 |[1615 [2546 |2899 [2598 [1073]253 [245 [253 |12461
Dec. gasvarmer 0,00 /0,00 0,00 [0,00 |0,00 0,00 ]0,00 |0,00 J0,00 0,00 [0,00 0,00 [0,00 Ialt 253 229 [253 |245 [[1615 [2546 |2899 [2598 [1073]253 [245 [253 |12461
Opvarmning i alt 0,64 0,58 [0,64 [0,62 [0,64 [0,62 0,64 [0,64 [0,62]0,64 [0,62]0,64 [7,56 kWh/m2 02 02 [02 Jo2 L1 |18 [20 |18 07 [0.2 |02 [02 [87
Tab central WB 0,00 /0,00 0,00 0,00 [0,00 [0,00 [0,00 |0,00 J0,00 0,00 0,00 0,00 [0,00 Kedel/fjernvarmeveksler, Varme
Tab tilslutningsrar til VVB [0,00 [0,00 0,00 [0,00 0,00 0,00 [0,00 ]0,00 |0,00 0,00 |0,00 0,00 0,00 MWh Jan_[Feb [Mar [Apr [Maj [iun [iul [Aug [Sep [Okt [Nov [Dec [Aret
VBV rertab 0,00 /0,00 [0,00 0,00 [0,00 0,00 [0,00 0,00 0,00 [0,00 0,00 0,00 [0,00 Ydelse 2,141,95 |2,04 1,81 |1,62 |1,41 |1,40 |1,41 |1,52 1,72 ]1,84 |2,05 |20,90
Tab dec. elvandvarmere 0,00 [0,00 [0,00 [0,00 [0,00 0,00 |0,00 [[0,00 0,00 0,00 [0,00 [0,00 [0,00 Forbrug 2,14 [1,95|2,04 [1,81 1,62 |1,41 |1,40 |L41 |1,52 1,72 |1,84]2,05]20,90
Tab dec. gasvandvarmere |0,00 |0,00 |0,00 |0,00 |0,00 |[0,00 |0,00 0,00 |0,00 [0,00 [0,00 [0,00 [0,00 Udnytteligt varmetab __|0,00 |0,00 0,00 0,00 J0,00 |0,00 |0,00 0,00 |0,00 0,00 |0,00 0,00 0,00
Tab T alt 0.0010,0010,00 [0.00 0,00 [0,00 0,00 [0.00 10,00 [0.00 [0.00 0,00 [0,00 Virkningsgrad 100 100 1100 [100 |100 ]100 {100 |00 100 [100 100 [100 |100
Talt 0,64 0,58 [0,64 0,62 0,64 [0,62 |0,64 [0,64 0,62 0,64 ]0,62 0,64 [7,56 . = F::"::’afr’e:::a’::j"eﬁ':" f:TEh::g o T oo Tt
KWh/m?2 o,ca"cl);:mo,4 04 :),4 .0,4“8,: 04 Jo4 [o4 Jo4 Jo4 |53 Srearder 1O T o oo o oo To o To ToTo
Automatik, kWh 4 3 |4 4 |4 4 4 |4 [4 |4 |4 |4 |+
MWh Jan [[Feb [Mar [Apr [Maj [un Joul JAug [Sep [Okt [Nov [Dec [Aret Talt 2 3 12 a2 2 2 2 2 a4 |4 a4
Kedel/fiernvarme 0,00 0,00 0,00 [0,00 0,00 ][0,00 0,00 |0,00 ]0,00 [0,00 0,00 [0,00 0,00 Wh/mz 00 100 100 100 100 100 00 [00 [0,0 [0.0 [0.0 [o0 [0
Solvarmeanlaeg 0,00 [0,00 0,00 [0,00 [0,00 [[0,00 [0,00 [0,00 ][0,00 [0,00 0,00 [0,00 [0,00 VarnepumpeNVarie
Varmepumpe 0,00 0,00 0,00 [0,00 0,00 ][0,00 0,00 |0,00 ][0,00 [0,00 0,00 |0,00 0,00 MWh Jan [Feb [Mar [Apr [Maj [un 30 |Aug |Sep JOKt [Nov [Dec [Aret
El-opv. af central-VVB 0,00 |0,00 (0,00 |0,00 |0,00 (0,00 |0,00 {0,00 |0,00 |0,00 |0,00 |0,00 0,00 Ydelse, Rumopv. 0,00 [0,00 [0,00 0,00 [0,00 [0,00 [[0,00 [0,00 [0,00 0,00 0,00 [0,00 [0,00
El-tracing af VBV rgr 0,00 |0,00 (0,00 |0,00 |0,00 (0,00 |0,00 0,00 |0,00 |0,00 |0,00 |0,00 0,00 Ydelse, VBV 0,00 [0,00 [0,00 0,00 [0,00 [0,00 [0,00 0,00 [0,00 0,00 0,00 [0,00 [0,00
Dec. elvandvarmere 0,00 0,00 0,00 [0,00 0,00 ][0,00 0,00 |0,00 ][0,00 [0,00 0,00 |0,00 0,00 Talt 0,000,00 0,00 [0,000,00 [0,00 [0,00 0,00 [0,000,000,00 [0,00 0,00
Dec. gasvandvarmere 0,00 [0,00 0,00 [0,00 [0,00 [[0,00 [0,00 [0,00 |[0,00 [0,00 [0,00 [0,00 0,00 Daekningsgr. Rumopv. __||0,00 [0,00 0,00 [0,00 [0,00 [0,00 0,00 [0,00 [0,00 [0,00 [0,00 [0,00
Lalt 0,00 0,00 0,00 [0,00 0,00 ][0,00 |0,00 |0,00 ][0,00 [0,00 0,00 0,00 0,00 Daekningsgr. VBV 0,00 0,00 0,00 [0,00 0,00 [0,00 [0,00 [0,00 [0,00 0,00 0,00 [0,00
Elbehov i varmeanlzeg Varmepumpe, Elbehov
kWh Jan |Feb [Mar [Apr [Maj [jun [3ul [Aug [Sep [Okt [Nov |Dec [[Aret kWh Jan [Feb [Mar [Apr [Maj [Jun [iul [Aug [Sep [Okt [Nov [Dec [Aret
Direkte rumopv. 0 o o Jo Jo Jo Jo Jo Jo Jo Jo Jo o Elbehov, rumopv. 0 Jo o Jo Jo Jo Jo Jo o Jo Jo jo |o
Pumper 0 0 0 0 0 0 0 0 0 0 0 0 0 Elbehov, stb. rumopv. 0 0 0 0 0 0 0 0 0 0 0 0 0
Tak o o o To o To Jo o 1o To To To To Elbehov, VBV 0 Jo Jo [0 Jo Jo Jo Jo Jo Jo Jo Jo Jo
KWh/m2 0,0 [0,0 [0,0 [0,0 [0,0 [0,0 [0,0 [0,0 [0,0 [0,0 [0,0 [0,0 [0,0 Elbehov, stb. VBY 0 _J0 10 Jo Jo o Jo Jo o o Jo Jo Jo
Talt 0 o Jo [0 Jo Jo Jo Jo o Jo Jo Jo |o
kwh Jan [Feb [Mar [Apr [Maj [Jun [Jul [Aug [Sep [Okt [Nov |Dec [[Aret KWh/m? 00 [00 100 100 [00 [00 [0,0 00 00 |00 100 |00 |0,0
Solvar Varme
El-opvj af central-\VB 0 0 0 0 0 0 0 0 0 0 0 0 0 Mwh Jan [Feb [Mar [Apr [Maj Joun [3ul [Aug [Sep [Okt [Nov [Dec [Aret
El-tracing af VBV ror 0 [0 [0 Jo Jo o Jo Jo o Jo o Jo [o Ydelse, Rumopv. 0,00 [0,00 0,00 0,00 [0,00 [0,00 [0,00 |0,00 0,00 |0,00 [0,00 [0,00 [0,00
Ladekredspumpe 0_Jo o _Jo jo o o Jo Jo Jo Jo Jo Jo Vdelse, VBV 0,00 0,00 0,00 0,00 0,00 [0,00 [0,00 [0,00 [0,00 0,00 [0,00 |0,00 [0,00
Cirkulationspumpe vbv _ J0_J0 Jo Jo Jo o Jo jo jo Jo jo jo o Talt 0,00 0,00 0,00 [0,00 0,00 [0,00 [0,00 |0,00 |0,00 [0,00 0,00 0,00 [0,00
Lalt 0 o Jo jo jo jo jo jo o jo jo jo Jo Daekningsgr. Rumopv. 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 0,00 [0,00 [0,00 [0,00
kWh/m? 0,0 0,0 J0,0 0,0 Jo,0 o0 0,0 Jo0 0,0 [0,0 Jo0 0,0 0,0 Daekningsgr. VBV 0,00 0,00 0,00 [0,00 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 0,00 0,00
Elbehov i ventilati
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Ventilation uden vgv om 8,7
vinteren "

I alt 42,1
Ventilation med vgv om 26
vinteren "
Ialt 36,0
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Solvar Elbehov Ydelsesjustering 0 0 0 0 0 0 0 0 0 0 0 0 0
KWh Jan [Feb [Mar [Apr [Maj [Jun [aul Sep [Okt [Nov [Dec [Aret Solceller, indregnet 0 0o Jjo Jo jo jo o o 0 0 Jo jo Jo
Pumpe o o o To To lo To o o o To To Kiwhjmz__ 0,0 [0,0 [0,0 [0,0 [00 0,0 0,0 [00 [0,0 [0,0 [0,0 [0,0 [o,0
Automatik 0 0 0 0 0 0 0 0 0 0 0 0 Vindmgller, indregnet 0 0 0 0 0 0 0 0 0 0 0 0 0
Tak o To o oo o o o To To kWh/m?2 0,0 [0,0 J0,0 Jo,0 [0,0 J0,0 Jo,0 Jo,0 [o,0 Jo,0 o0 [o,0 Jo,0
KWh/m? 0,0 |0,0 |00 [0,0 [0,0 [0,0 |0,0 0,0 0,0 [0,0 [0,0 |0,0 e — M"eth"a’"P‘lle'_’e“J""”‘;"l‘ e
Elbehov til - Indgér i y " an €l ar pr a) un ul \ug P oV ec ret
kWh Jan |Feb |Mar |Apr |[Maj [Jun [Jul Sep [Okt [Nov [Dec [Aret Varmetab 2,50 12,62 0,74 2,30 -6,93-9,57 11,01[10,85|7,64 [5,17 |1,68 0,90 48,39
Almen i brugstiden 452040823106 (2185|1693 |1638 |1693 2732|4520(4374(4520|37038 Solindfald 0,831,522,77 [4,48]6,16 [6,35 6,13 [5,01 [3,39 1,88 0,92 0,54 39,98
AIm. st.-byudenf.brug [0 Jo Jo Jo Jo Jo o 0 Jo Jo Jo Jo Internt tilskud 4,02 3,63]4,02 3,89 [4,02 3,89 [4,02 [4,02 |3,89 4,02 3,89 [4,02 47,30
Arbejdsbelysning i o o fo To To To To o o To To To Fra ror og VVB 0,00 [0,00 0,00 [0,00 /0,00 [0,00 0,00 J0,00 0,00 [0,00 [0,00 0,00 [0,00
brugstid Samlet tilskud 4,84 5,14 6,79 |8,37 |10,17]10,23(10,15]9,03 |7,28 [5,89 [4,81 [4,56 [87,28
Lalt 4520[40823106]2185] 1693 [1638 [1693 2732[4520[[4374[4520]37038 Relativt tilskud 1,04 1,96 (9,14 [2,14 (2,14 [2,14 (2,14 |2,14 |2,14 |2,14 2,14 [5,05
kWh/m? 31 28 22 |5 |12 L1 1,2 19 |31 3,0 31 J25,7 Udnyttelses-faktor 0,52]0,51 [0,11 [0,50 0,50 [[0,50 [0,50 [0,50 0,50 [0,50 [0,50 0,20 [0,44 |
Elbehov til belysning. Anden belysning Del af mnd. med opv.  |0,00 [0,00 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 |0,00 0,00 0,00 [0,00
kWh Jan |Feb [Mar |Apr |Maj |[Jun |Jul Sep [Okt [Nov [Dec [Aret Varmebehov 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 0,00 J0,00 |0,00 [0,00 0,00 0,00 0,00
1 brugstiden 112 J101 112 108 |112 108 |112 108 |112 |108 |112 [1314 Opvarm. i vent. VF 2,14]1,95 2,04 1,81 1,62 [1,41 [1,40 [1,41 [1,52]1,72]1,84]2,05 [20,90
Natforbrug 0 Jo o Jo Jo Jo o 0 Jo fo Jo o Netto rumopvarmning 2,14 1,95 [2,04 [1,81 [[1,62 [1,41 [1,40 [[1,41 [1,52[1,72]1,84]2,05 [20,90
Parkeringskaeldre mv 0 Jo o Jo Jo Jo o 0 Jo fo Jo o T alt, KWh/m2 15 (14 14 [1,3 [, (1,0 [0 [0 i1 (12 [1,3 [14 [o,0
Udelys 0 0 0 0 0 0 0 0 0 0 0 0 Solafskaermning, forceret vent., natvent. og kgling
Ialt 112 |101 |112 |108 |112 108 [112 108 |112 |108 |112 |1314 Jan |Feb |Mar |Apr |[Maj [Jun |Jul |Aug |Sep |Okt |Nov |Dec Rret
KWh/m2 0,1 [o,1 Jo,1 Jo,1 o, Jo,1 o,1 0,1 [o,1 fo,1 Jo,1 0,9 Solafsk., red. faktor 1,00 |1,00 |1,00 |1,001,00 |1,00 (1,00 |1,00 {1,00|1,00 1,00 |1,00
Elbehov til apperatur Forcering, andel 0,00 [0,00 [0,00 [0,00][0,40 0,70 [0,78 0,69 ][0,25 [0,00 [0,00 [0,00
Wh Jan |[Feb [Mar [Apr [Maj |Jun |oul Sep |Okt |Nov |Dec [Aret Natventilation, andel 0,00 [0,00 0,00 0,00 /0,00 [0,00 0,00 0,00 ][0,00 [0,00 [0,00 0,00
Apperatur 1875]1693(1875]1814(1875 [1814 [1875 1814]1875(1814]1875[22075, Mekanisk kgling, andel _ {0,00 |0,00 |0,00 {0,00 0,00 0,00 0,00 0,00 0,00 |0,00 |0,00 |0,00
Natforbrug, apparatur |0 [0 |0 [0 [0 |0 0 o [0 Jo o o Sum af natrxr"g o9
Seerligt app. i brugstiden [0 [0 [0 [0 o 0 ) o To To To To Jan [Feb [Mar [Apr [Maj [iun [3ul JAug [Sep [Okt [Nov [Dec [Aret |
3
Seerligt app. altid o o To o To o To o o o o To m /s2 0,16 [0,16 [0,16 0,16 [0,38 [0,54 0,58 [0,53 [[0,30 [0,16 0,16 [0,16
Ialt 1875)1693] 1875/ 1814] 1875 [ 1814 [1875 1814]1875]1814]1875[22075 s m AO';II U;ltl_do';l I‘:’“ °'2626°&3Zc 040 |0,37 |0,21]0,11]0,11 0,11
KWh/m? 13 12 |13 |13 |13 |13 |13 13 (13 113 |13 153 nae al Tk pdleterover 25,000 ¥
- [3an [Feb [Mar [Apr [Maj [Jun [oul JAug [Sep Okt [Nov [Dec [Aret
Solceller og vindmgller =
. Tidsandel 0,00 0,00]0,000,00 0,00 0,00 [0,00 ]0,00 [0,00]0,00]0,00 0,00 0,00
kwWh Jan |Feb |Mar |Apr |Maj |Jun |Jul Sep [Okt [Nov [Dec [Aret = =
Mekanisk kgling, netto
Samlet el-behov 2132[1925(2132[2063]3494 [4364 [4777 2891]2132]2063(2132]34580 Tan Treb [Mar [Apr [Maj [un [oul JAug [Sep JOKt [Nov |Dec JAret
Solceller 0 Jo o jo o o o 0 [0 Jo Jo Jo MWh 0,00 0,00 [0,00 [0,00 0,00 [0,00 [0,00 |0,00 0,00 [0,00 [0,00 [0,00 0,00
Vindmoller 0 Jo jo jo jo o o 0 Jo Jo o Jo KWh/m? 0,0 0,0 0,0 [0,0 0,0 [0,0 [0,0 [0,0 0,0 [0,0 [0,0 [0,0 [0,0
Samlet ydelse 0 0 0 0 0 0 0 0 0 0 0 0 Samlet W/m2
Balance 2132 192521322063 |3494 |4364 |4777 28912132 2063213234580 Vormetb 1334
Overskud 0 Jo Jo Jo Jo Jo Jo 0o Jo Jo Jo Jo
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Calculation: Mechanical ventilation 20° Celsius:

T kWh/m2 o2 fo2 o2 Jo2 |1t |18 20 |18 [0,7 [0.2 02 [o2 87
Hammershus SBi Beregningskerne 6, 11, 11, 24 Elbehov. Ekstern forsyning til bygning. Andet elforbrug
speciale 2 kWh Jan [Feb [Mar [Apr [Maj [iun Jaul [Aug [Sep [Okt [Nov [Dec [Aret
Be10 resultater: Hammershus Anden belysning 112 J101 112 [108 [112 [108 [112 112 [108 [112 108 [112 [1314
Energibehov Apperatur 1875 [ 1693 [1875 [1814 [1875 [1814 [1875 [1875]1814]1875]1814 [1875 [22075
MWwh Jan [Feb [Mar JApr [Maj [Jun [3ul [Aug [Sep [Okt [Nov [Dec [Aret I alt til andet 1986 [[1794 [1986 [1922 [1986 [1922 [1986 [1986] 192219861922 [1986 [23389
Varme 12,44]10,85[8,64 3,41 [0,09 0,00 0,00 0,00 0,06 [3,30 [7,59 [11,04]57,42 KWh/m?2 14 112 |14 |13 |14 |13 (1,4 |14 |13 |14 |13 |14 162
El til bygningsdrift 0,26 [0,23 [0,26 [0,25 [1,62 [2,55 [2,90 2,60 1,08 0,26 [0,25 [0,26 [12,50 Elbehov. Ekstern ing til bygning. Samlet
Overtemperatur i rum [0,00 [0,00 [0,00 [0,00 0,00 0,00 [0,00 [0,00 0,00 [0,00 [0,00 [0,00 0,00 KWh Jan |Feb |Mar [Apr |Maj [Jun |Jul |Aug |Sep |Okt |Nov |Dec [Aret
Samlet energibehov Bygningen 2243 2026 [2243 [2171 3605 |4472 [4889 [4588]2999]2243]2171 2243 |35894
Mwh Jan [Feb [Mar [Apr [Maj [jun [3ul JAug Sep Okt [Nov [Dec [Aret Solcelleydelse 0 0 0 ) 0 0 0 0o o 0o o 0 0
BR 2010 13,09[11,43]9,28 [4,03 [4,14 [6,37 7,26 [6,50 2,75 [3,95 [8,21 [11,68]88,68 Vindmalleydelse 0 o Jo Jo o Tlo Jo o o Jo Jo lo o
kWh/m? 91 |79 64 128 |29 |44 |50 |45 |19 |27 |57 |81 |6L,6 Resulterende elbehov [257 [[232 [257 [249 [1619 [2549 [2902 [2602[ 1076257 [249 257 [12505
'ig‘ﬁj“ergibygge” 10,60(9,26 |7,56 13,35 (4,12 |6,37 |7,26 |6,50 [2,74 |3,28 |6,69 9,47 |77,20 Eltlopvarmning o o o o o Jo Jo Jo Jo Jo Jo Jo o
KWh/m? 72 64 52 123 20 [44 [50 [a5 19 [23 [46 66 [536 E:)\t,‘;ram”ﬁierfge"d 257 232 [257 |249 |1619 |2549 2002 |2602]1076|257 |249 |257 |12505
Byggeri 2020 7,93 [6,93 [5,65 [2,49 [2,97 [4,59 [5,22 [4,68]1,97 [2,44 5,00 [7,09 |56,96 P
kWh/m2 55 |48 |39 |17 |21 |32 |36 |33 |14 |17 |35 |49 [396 MWh Jan |Feb [Mar [Apr [Maj [Jun [3ul |Aug [Sep [Okt [Nov [Dec [Aret
Varmebehov. Ekstern forsyning til bygning 1rum 11,84/ 10,288,13 3,08 [0,00 [0,00 [0,00 [0,00(0,02]3,12]7,23 |10,5254,23
Mwh Jan [Feb [Mar [Apr [Maj [iun [iul [Aug [Sep Okt [Nov [Dec [Aret Vent. varmefi. 0,61 0,57 Jo,51 [0,33 0,09 [0,00 0,00 [0,00]0,04]0,19]0,36 [0,52 [3,20
Kedel/fjernvarme 12,4410,85/8,64 3,41 [0,09 [0,00 0,00 [0,00]0,06]3,30]7,59 [11,04[57,42 Rortab 0,00 |0,00 [0,00 0,00 |0,00 [0,00 [0,00 0,00 0,00 0,00 [0,00 0,00 |0,00
Gasstralevarmere 0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 |0,00 0,00 0,00 0,00 |0,00 |0,00 1alt 12,44]10,85(8,64 |3,41 [0,09 [0,00 [0,00 [0,00(0,06[3,30(7,59 [11,04[57,42
Gasvandvarmere 0,00 [0,00 [0,00 0,00 [0,00 0,00 0,00 [0,00]0,00 0,00 [0,00 [0,00 |0,00 T alt, kWh/m2 86 |75 |60 |24 |0t [0,0 [00 00 [00 [23 |53 17,7 [39,9
Keling 0,00 [0,00 0,00 [0,00 [0,00 0,00 [0,00 [0,00]0,00 0,00 [0,00 [0,00 |0,00 pvarmning, Daekning af var
Ialt 12,44[10,85]8,64 3,41 [0,09 [0,00 0,00 [0,00(0,06]3,30]7,59 [11,04]57,42 MWh Jan |Feb |Mar |Apr |Maj |Jun [Jul |Aug |Sep |Okt [Nov |Dec |Aret
kwh/m> 86 |75 160 |24 |01 [00 o0 |00 [0,0 |23 |53 |77 [39.9 Kedel/fiernvarme  |[12,44]10,85[8,64 3,41 [0,09 [0,00 [0,00 [0,00 [0,06]3,30]7,59 [11,04[57,42
Elbehov. Ekstern forsyning til bygning. By drift Solvarmeanlzeg 0,00 [[0,00 J0,00 0,00 [0,00 J0,00 0,00 [0,00]0,00]0,00]0,00 0,00 [0,00
kWh Jan_[Feb [Mar [Apr [Maj [Jun [Jul [Aug [Sep [Okt [Nov [Dec [Aret Varmepumpe 0,00 [0,00 [0,00 [[0,00 [0,00 [0,00 [0,00 [0,00]0,00]0,00]0,00 [0,00 [0,00
Centralvarmeanleg [0 O 0 J0 J0o Jo Jo Jo jo jo Jo o |o El-rumopvarmning 0,00 [0,00 [0,00 [0,00 [0,00 0,00 0,00 |0,00]0,00]0,00]0,00 [0,00 [0,00
Varmt brugsvand 0 0 0 0 0 0 0 0 0 0 |o 0 0 EI-VF i
Ventilationsanlaeg 253 229 |253 |245 |1615 |2546 2899 |2598|1073|253 (245 |[253 |12461 ventilationsanlaeg 0,00 10,00 0,00 0,00 0,00 0,00 [0,00 J0,00]0,00]0,000,00 0,00 0,00
Kedel/fiervarme |4 |3 |4 |4 |4 |4 |4 |4 |4 |4 |4 |4 |44 Brzendeovne mm. 0,00 0,00 0,00 [0,00 [0,00 [0,00 [0,00 [0,00]0,00]0,00]0,00 [0,00 0,00
Varmepumpe 0 Jo Jo Jo Jo Jo o o Jo Jo Jo Jo Jo Talt 12,44[10,85(8,64 |3,41 [0,09 [0,00 [0,00 [0,00]0,06]3,30(7,59 |11,04[57,42
Solvarme 0 Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Varmt br Var
Rumopvarmning 0 0 0 0 0 0 0 0 o Jo o 0 0 m3 [3an [Feb [Mar [Apr [Maj [iun [Jul [Aug [Sep Okt [Nov [Dec [Aret
Dec. elvandvarmere [0 [0 [0 [0 _Jo |0 Jo Jo o Jo Jo o |o Samlet fororug  [12,2 [11,0 [12,2 [11,8 [12,2 [11,8 [12,2 [12,2]11,8]12,2[11,8 [12,2 [144,0
Keling 0 0 0 0 0 0 0 o o Jo Jo o 0 Varmt brugsvand, Forsyning
Belysning 0 0 0 0 0 0 0 0 0 0 0 0 0 m3 Jan [Feb [Mar JApr [Maj [dun Jiul JAug [Sep [Okt [Nov [Dec [Aret
1 alt til bygningsdrift [257 [232 [257 [249 [1619 [2549 [2902 [2602[1076]257 [249 [257 [12505 Centralanleeg 12,2 |11,0 |12,2 11,8 |12,2 11,8 |12,2 |12,2 11,8 |12,2 11,8 |12,2 |144,0
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Decentrale elvarmere [0,0 [0,0 [0,0 [0,0 [0,0 0,0 [00 0,0 [0,0 Jo,0 [0,0 [00 [o,0 Eltracingaf VBVrer 0 Jo o Jo o Jo Jo Jo Jo Jo Jo fo Jo
Decentrale 00 [00 |00 loo Jo0 |00 Joo oo o0 |00 [00 oo oo Ladekredspumpe 0 0 0 0 0 0 0 0 0 0 0 0 0
gasvarmere Cirkulationspumpe 0 0 o o 0 0 0 0 0 o 0 0 0
Talt 12,2 [11,0 [12,2 [11,8 [12,2 [11,8 [12,2 [12,2]11,8][12,2[11,8 [12,2 [144,0 vbv
Varmt brugsvand, Varmebehov Talt 0 0 0 0 0 0 0 0 0 0 0 0 0
Mwh Jan |[Feb [Mar [Apr [Maj [Jun [3ul JAug [Sep [Okt [Nov [Dec [Aret kWh/m2 0,0 |00 |00 |00 |00 {00 |00 |00 [0,0 |0,0 |0,0 [0,0 |O,0
Central WB 0,64 [0,58 |0,64 |0,62 0,64 [0,62 |0,64 |0,64 0,62 [0,64 [0,62 0,64 |7,56 Elbehov i ventilati
Dec. elvarmer 0,00 [0,00 [0,00 [0,00 [0,00 0,00 [0,00 ]0,00 0,00 [0,00 [0,00 ][0,00 [0,00 kWh Jan [Feb [Mar [Apr |Maj Jdun [3ul [Aug [Sep [Okt [Nov |Dec [Aret
Dec. gasvarmer 0,00 [0,00 [0,00 [0,00 [0,00 0,00 [0,00 ]0,00 0,00 [0,00 [0,00 ]0,00 |0,00 Varmeflader 0o Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo o
Opvarmning i alt 0,64 [0,58 [0,64 [0,62 [0,64 [0,62 [0,64 [0,64]0,62 0,64 0,62 0,64 |7,56 Ventilatorer 253 |229 [253 245 |[1615 2546 [2899 [2598]1073]253 [245 |253 |12461
Tab central VB 0,00 [0,00 [0,00 [0,00 [0,00 [0,00 [0,00 ]0,00 0,00 [0,00 [0,00 ][0,00 |0,00 Talt 253 [229 [253 245 |[1615 [2546 [2899 [2598]1073]253 [245 |253 |12461
wétnslumingsmrm 0,00 0,00 10,00 |0,00 0,00 |0,00 0,00 0,00 [0,00 |0,00 [0,00 [0,00 |0,00 kWh/m? o2 02 Joz fo2 |11 [18 [20 [18 Jo7 Joz Jo2 lo2 la7
Kedel/fjernvarmeveksler, Varme
VBV rrtab 0,00 [0,00 [0,00 [0,00 0,00 [0,00 [0,00 [0,00 0,00 [0,00 0,00 [0,00 |0,00 MWh San |Feb [Mar JApr [Maj [Jun [Jul [Aug [Sep JOKt [Nov [Dec [Aret
Zﬁ};ﬁ;\;rmere 0,00 [0,00 |0,00 [0,00 0,00 [0,00 |0,00 |0,00 |0,00 |0,00 0,00 0,00 |0,00 Ydelse 12,44[10,85/8,64 [3,41 [0,09 [0,00 [0,00 [0,00 0,06 3,30]7,59 |11,04[57,42
Tab dec. Forbrug 12,44[10,85/8,64 [3,41 [0,09 0,00 [0,00 [0,000,063,30]7,59 |11,04[57,42
gasvandvarmere | %00 0,00 0,00 10,00 0,00 10,00 /0,00 10,00 0,00 0,00 0,00 0,00 0,00 Udnytteligt varmetab 0,00 |0,00 |0,00 0,00 [0,00 |0,00 |0,00 |0,00 [0,00 0,00 0,00 [0,00 [0,00
Tab i alt 0,00 0,00 [0,00 [0,00 [[0,00 [0,00 [0,00 [0,00]0,00]0,00 0,00 |0,00 [0,00 Virkningsgrad 100 100 [100 [00 [100 [0 |0 o |100 [100 [100 [100 [100
Talt 0,64 0,58 [0,64 |0,62 0,64 0,62 [0,64 |0,64][0,62]0,64[0,62 [0,64 |7,56 Kedel/fjernvarmeveksler, Elbehov
kWh/m2 04 |04 |04 |04 |04 |04 |04 |04 |04 |04 |04 |04 |53 kwh Jan [Feb |[Mar [Apr [Maj [un [aul [Aug [Sep [Okt [Nov |[Dec [Aret
Varmt br ing af var Breender, kWh 0 0o o Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo
Mwh Jan [Feb |[Mar [Apr [Maj [jun [aul  [Aug [Sep [Okt [Nov |Dec [Aret Automatik, kWh 4 3 4 4 4 4 4 4 4 4 4 4 44
Kedel/fiernvarme __][0,00 |0,00 [0,00 |0,00 ][0,00 |0,00 [0,00 |0,00]0,00]0,00]0,00 [0,00 0,00 Talt 4 3 [4 [4 4 [4 [4 [4 [4 [& [& [& [44
Solvarmeanlzeg 0,00 |0,00 [0,00 [0,00 ][0,00 |0,00 [0,00 [0,00]0,00]0,00]0,00 0,00 |[0,00 KWh/m2 0,0 |00 [00 0,0 |00 |00 [00 |00 0,0 [00 [0,0 [0,0 0,0
Varmepumpe 0,00 0,00 [0,00 [0,00 ][0,00 |0,00 [0,00 [0,00]0,00]0,00]0,00 [0,00 [[0,00 Varmepumpe, Varme
El-opv. af central-VVB][0,00 0,00 [0,00 [0,00 [0,00 |0,00 [0,00 |0,00][0,00]0,00]0,00 [0,00 [[0,00 MWh Jan |Feb [Mar [Apr [Maj [Jun [Jul |Aug [[Sep [Okt [Nov [Dec [Aret
El-tracing af VBV rer |[0,00 |0,00 [0,00 |0,00 ][0,00 |0,00 [0,00 |0,00][0,00]0,00]0,00 0,00 0,00 Ydelse, Rumopv. 0,00 |0,00 [0,00 [0,00 [[0,00 |0,00 [0,00 [0,00][0,00]0,00]0,00 [0,00 |0,00
Dec. elvandvarmere 0,00 |0,00 [0,00 [0,00 ][0,00 |0,00 [0,00 [0,00]0,00]0,00]0,00 [0,00 |0,00 Ydelse, VBV 0,00 ][0,00 |0,00 0,00 [0,00 ][0,00 |0,00 [0,00]0,00]0,00]0,00 [0,00 [0,00
Dec. gasvandvarmere[0,00 0,00 [0,00 [0,00 0,00 0,00 [0,00 [0,00]0,00]0,00]0,00 [0,00 [0,00 Lalt 0,00 [[0,00 [0,00 0,00 [0,00 [[0,00 [0,00 [0,00]0,00]0,00]0,00 [0,00 0,00
Talt 0,00 [0,00 10,00 [0,00 0,00 [0,00 0,00 [0,00]0,00{0,000,00 [0,00 0,00 Efnl:gglgsgr- 0,00 10,00 |0,00 |0,00 0,00 |0,00 |0,00 |0,00]0,00]0,00 0,00 0,00
h San Tre Tar E':::' °vw:a;"' Jun ol [Aug [Sep [OKE [Nov [Dec [Aret Daekningsgr. VBV 0,00 ][0,00 |0,00 0,00 0,00 ][0,00 |0,00 [0,00[0,00]0,00]0,00 |0,00
Direkte rumopv. [0 0o _Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo anmepumperElbehoy
Pumper 0 0 0 0 0 0 0 0 0 0 0 0 0 kwh Jan |Feb [Mar [Apr [Maj [Jun [Jul [Aug [Sep [Okt [Nov [Dec [Aret
Tak 0 o To To oo o To To Elbehov, rumopv. |0 |0 |0 Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo
KWh/m? 0,0 [00 (0,0 0,0 [00 [0,0 [0,0 [00 [0,0 [0,0 0,0 [00 [00 Elbehov, stb. rumopv.0_ O J0__J0 10 10 J0 Jo 0 o o o JO
reie Elbehov, VBV 0 Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo
KWh [lan_[Feb [Mar [Apr [Maj [3un [oul_[Aug [Sep [OKt [Nov [Dec [Rret Bibehov, stb. VBV [0 10 10 [0 [0 10 10 10 l0o 10 10 © o
Elopv.afcentaWBJ0__[0_J0_[0_[0_Jo_fo_o Jo fo_0_Jo o Lat 0P 0 0 0 10 jo Jo 1 jo o b P
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KWh/m?2 Jo,0 o0 Jo0 Joo0 [o0 Jo0 Jo0 [o,0 Jo0 J0o0 Jo0 o0 o0 | kWh/m? 13 12 13 13 1,3 13 1,3 |13 |13 [1,3 1,3 [1,3 153
Solvarmeanlaeg, Varme Solceller og vindmgller
Mwh Jan [Feb [Mar [Apr [Maj [aun [ul JAug [sep [Okt [Nov [Dec [Aret kWh Jan [Feb [Mar [Apr [Maj [jun [ul JAug [sep [Okt [Nov [Dec [Aret
Ydelse, Rumopv. 0,00 [0,00 [0,00 J0,00 [0,00 [0,00 J0,00 J0,00 0,00 0,00 0,00 Jo,00 [0,00 Samlet el-behov 2132 1925 [2132 [2063 [3494 [4364 [4777 [4477]2891]2132]2063 [2132 [[34580
Ydelse, VBV 0,00 [0,00 [[0,00 J0,00 0,00 0,00 J0,00 |o,00 0,00 [[0,00]0,00 Jo0,00 [0,00 Solceller o Jo o Jo Jo Jo Jo Jo Jo Jo Jo Jo o
Ialt 0,00 [0,00 [0,00 J0,00 [0,00 [0,00 J0,00 J0,00 0,00 [0,00]0,00 Jo,00 [0,00 i 0 Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo
[R’fn‘jgg:fsgr- 0,00 |0,00 |0,00 |0,00 10,00 |0,00 [0,00 0,00 |0,00 |0,00 |0,00 0,00 Samlet ydelse 0 Jo Jo jo jo jo jo o jo jo jo o Jo
Deekningsgr. VBV 0,00 [0,00 [0,00 [[0,00 J0,00 0,00 [0,00 0,00 0,00 0,00 [0,00 0,00 Balance 2132 |1925 (2132 | 2063 |3494 |4364 |4777 |4477|2891|2132|2063 |2132 |34580
Solvarmeanlzeg, Elbehov Overskud 0 0 0 0 0 0 0 0 0 0 0 0 0
kwh Jan [Feb [Mar [Apr [Maj [aun [ul [Aug [Sep [Okt |Nov [Dec [Aret Ydelsesjustering 0 0 0 0 0 0 0 0 0 0 0 0 0
Pumpe 0 0 0 0 0 0 0 0 0 0 0 0 0 Solceller, indregnet |0 0 0 0 0 0 0 0 0 0 0 0 0
Automatik 0o Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo o kWh/m?2 00 [00 [0,0 [00 Jo0 [o,0 [o00 o0 Jo0 Jo0 [o,0 [o0 [o,0
Talt 0 Jo Jo Jo Jo Jo Jo Jo Jo Jo Jo 0 Vindmeller, indregnet [0 o o Jo Jo o Jo Jo Jo Jo Jo Jo o
kWh/m2 00 [00 [0,0 [00 Jo0 [o,0 [00 Jo0 Jo0 Jo0 Jo,0 [o0 [o,0 KWh/m?2 00 [00 [0,0 [00 Jo0 [o0 [0,0 o0 Jo,0 o0 [0,0 [00 [o,0
Elbehov til i Indgar i bygni y Nettovarmebehov i rum
kwWh Jan |[Feb [Mar [Apr [Maj [jun [Jul  [Aug [Sep [Okt [Nov |[Dec [Aret MwWh Jan |[Feb [Mar [Apr [Maj [jun [Jul  [Aug [Sep [Okt |Nov [Dec [Aret
Almen i brugstiden 4520 [4082 [3106 | 2185 [ 1693 [1638 | 1693 [1975]2732[4520]4374 [4520 [37038 Varmetab 16,68]15,43]14,92]11,427,25 [4,15 |3,17 [3,33]6,09 [9,01 [12,04]15,08] 118,57
Am.st-byuden. [ To fo To fo o To Jo fo Jo To Jo o Solindfald 0,83 [1,52 [2,77 [[4,48 [6,16 6,35 [[6,13 [5,01]3,39 [1,88]0,92 [0,54 [39,98
brug. _ Internt tilskud 4,02 3,63 [4,02 [3,89 [4,02 [3,89 [4,02 [4,02]3,89]4,02[3,89 [4,02 [47,30
ﬁ{ﬂgls‘gifjbe"ﬁ”'”g' o o fo Jo o Jo Jo Jo Jo Jo Jo Jo o Fra ror og VB 0,00 |0,00 [0,00 [0,00 0,00 |0,00 |0,00 |0,00 [0,00 [0,00 [0,00 |0,00 |0,00
Talt 4520 |4082 |3106 |2185 | 1693 | 1638 || 1693 | 1975|2732]4520]4374 | 4520 | 37038 Samlet tilskud 4,84 5,14 |6,79 |8,37 |10,17]10,23|10,15|9,03|7,28 |5,89 | 4,81 |4,56 |87,28
KWhm2 31 128 122 115 12 (11 112 |14 19 |31 30 |31 |57 Relativt tilskud 0,29 [0,33 0,46 [[0,73 [1,40 2,47 [3,20 [2,71]1,20]0,65]0,40 [0,30
Elbehov til in5. Anden i Udnyttelses-faktor 1,00 [1,00 1,00 1,00 [0,71 [0,41 ]0,31 [0,37]0,83]1,00]1,00 [1,00 [0,80 |
oh San [Feb [Mar [Apr [Maj [lun [Jul |Aug [Sep JOKE [Nov [Dec [Aret Del af mnd. med opv.]1,00 [1,00 [1,00 [1,00 [0,00 [0,00 ]0,00 [0,00]0,26]1,00]1,00 [1,00
T brugstiden 112 T101 12 1108 |12 108 1112 (12 Tios (12 108 |12 [314 Varmebehov 11,8410,28]8,13 [3,08 [0,00 [0,00 [0,00 [0,00]0,023,12]7,23 [10,52[54,23
Natforbrug o To o To o To To To To o o To To Opvarm. i vent. VF_ 0,61 [0,57 [0,51 0,33 [0,09 [0,00 |0,00 [0,00]0,04]0,19]0,36 [0,52 [3,20
Parkeringskeeldre v [0 [0 Jo o Jo o Jo o o o Jo [o o Netto rumopvarmning|12,44/10,85(8,64 |3,41 [0,09 [0,00 |0,00 [0,00]0,06]3,30(7,59 [11,04[57,42
Udelys o To o To To To To Jo To To o To To 1 alt, kWh/m2 86 [75 [60 [24 [o1 Joo0 Jo0 [o0 Jo0 [23 [53 [77 [377
Talt 112 |101 |112 |108 |112 |108 112 |112 [108 |112 |108 |112 |1314 Solafskeermningyiforceretivent jnatventioglkgling
Wh/m? 01 |01 ot o1 o1 |01 |0t o1 [0t [0t [0 o1 |09 Jan [Feb [Mar [Apr [Maj [un [3ul JAug [Sep |Okt [Nov [Dec [Aret
Elbehov til apperatur Solafsk., red. faktor |1,00 [ 1,00 1,00 [1,00 [ 1,00 |1,00 [1,00 [1,00]1,00]1,00]1,00 [1,00
Wh Jan |Feb [Mar |Apr |Maj |Jun |Jul |Aug |Sep |OKt |Nov |Dec Rret Forcering, andel 0,00 |0,00 |0,00 (0,00 |0,40 |0,70 |0,78 |0,69 0,25 0,00 |0,00 |0,00
‘Apperatur 1875 | 1693 | 1875 | 1814 | 1875 | 1814 | 1875 | 1875 1814] 1875 1814 | 1875 | 22075 Natventilation, andel 0,00 0,00 0,00 |0,00 ]0,00 |0,00 0,00 0,000,00 0,00 0,00 10,00
Natforbrug, apparatur[0 [0 [0 o Jo o Jo Jo Jo Jo Jo Jo o andel keling, 0,00 (0,00 [0,00 0,00 (0,00 |0,00 0,00 (0,00 [0,00 |0,00 0,00 |0,00
E:g?ﬁtd:ﬁp'i o Jo Jo fo Jo Jo lo Jo Jo Jo o Jo o Sum af naturlig og
Seerligt app. altid 0 0 0 0 0 0 0 0 0 0 0 0 0 Jan [Feb [Mar [Apr [Maj [jun [ul JAug [Sep [Okt [Nov [Dec [Aret \
Talt 1875 |1693 [1875 |1814 | 1875 |1814 [1875 |1875|1814]1875]1814 |1875 |22075 ms/s 0,16 |0,16 |0,16 |0,16 0,38 |0,54 0,58 |0,53 0,30 |0,16 0,16 |0,16
file:///C|/Documents and speciale 2_res.xml[28-11-2013 22:19:21] file:///C|/Documents and speciale 2_res.xmi[28-11-2013 22:19:21]
I/s m2 |o,11 Jo,11 Jo,11 |o,11 0,26 |0,37 0,40 |0,37 J0,21 [0,11 0,11 [0,11 |
Andel af tid p3 eller over 26,0 °C r
[5an [Feb [Mar [Apr [Maj [iun [3ul JAug [Sep [Okt [Nov [Dec [Aret
Tidsandel J0,00 Jo,00 Jo,00 Jo,00 Jo,00 0,00 [o,00 J0,00 0,00 [0,00 [0,00 0,00 0,00
Mekanisk kgling, netto
Jan [Feb |Mar [Apr [Maj [un [3ul [Aug [Sep [Okt [Nov |Dec [Aret
MWh 0,00 [0,00 [0,00 J0,00 0,00 [0,00 ][0,00 [0,00 [0,00 [0,00]0,00 0,00 |0,00
kWh/m?2 00 [0,0 Jo,0 Joo Jo0 o0 [o0 Jo0 Jo0 Jo,0 Jo,0 o0 Jo,0
Samlet varmetab, W/m2
Varmetab 33,4
Ventilation uden vgv 87
om vinteren "
Lalt 42,1
Ventilation med vgv 26
om vinteren 4
Talt 36,0
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APPENDIX B

Calculation: Hammershus with original walls:

Year 2012, tstep=50, RadModel=Petersen, Options: optimized xsun moist longwsky longwave latheat Year 2012, tstep=50, RadModel=Petersen, Options: optimized xsun moist longwsky longw
Month Sum/Mean 1 2 4 5 6 7 Month 8 9 10 12
qHeating 5659,76 0,00 0,00 0,00 1622,10 992,39 453,47 245,96 gHeating 244,85 828,41 1272,58 0,00 0,00
qCooling 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 qCooling 0,00 0,00 0,00 0,00 0,00
glnfiltration -10323,66 -107,11 250,24 521,52 -1353,78  -1450,58  -1257,20  -1214,89 glnfiltration -1208,61  -1208,81  -1225,73 -408,36 -116,84
qVenting 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 qVenting 0,00 0,00 0,00 0,00 0,00
qSunRad 9807,01 179,99 350,66 679,79 1103,98 1552,19 1589,54 1543,32 gSunRad 1252,10 809,97 412,92 210,60 121,96
qPeople 18489,60 0,00 0,00 0,00 2592,00 2678,40 2592,00 2678,40 qPeople 2678,40 2592,00 2678,40 0,00 0,00
qEquipment 171,20 0,00 0,00 0,00 24,00 24,80 24,00 24,80 qEquipment 24,80 24,00 24,80 0,00 0,00
qLighting 3014,37 0,00 0,00 0,00 425,60 426,70 407,00 423,47 qLighting 433,99 433,60 464,00 0,00 0,00
qTransmission -5785,93 -72,88 -100,42 -158,27  -1234,20 -653,43 741,53 -739,90 qgTransmission -516,71 -788,72 -972,51 197,76 5,12
qMixing 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 gMixing 0,00 0,00 0,00 0,00 0,00
qVentilation -21032,34 0,00 0,00 0,00  -3179,70  -3570,47  -3067,27  -2961,16 qSVenli\aticn -2908,83  -2690,45  -2654,46 0,00 0,00
Sum -0,00 -0,00 -0,00 -0,00 -0,00 0,00 -0,00 0,00 um 0,00 0,00 0,00 -0,00 0,00
tOutdoor mean(°C) 7.7 0,5 -0,8 1,7 56 11,3 15,0 16,4 tOutdoor mean(°C) 16,2 12,5 9,1 4.8 15
tOp mean(°C) 11,3 0,1 0,2 37 11,3 17,4 20,4 21,5 tOp mean(°C) 213 17,7 14,1 6.5 1.9
AirChange(/h) 2,2 0,7 0,7 0,7 3,2 32 3,2 32 AirChange(/h) 3,2 32 32 0,7 0,7
Rel. Moisture(%) 67.6 81.3 80,7 734 60,4 53,1 58,0 60,5 Rel. Moisture(%) 58,0 65,9 62,7 78,1 79,3
Co2(ppm) 4435 350,0 350,0 350,0 514,2 510,4 508,7 508,0 Co2(ppm) 508,2 510,3 5125 350,0 350,0
PAQ(-) 0,7 1,0 1,0 1,0 0,9 06 03 0,2 PAQ(-) 0,2 04 0,7 1,0 1,0
Hours > 21 1155 0 0 0 0 55 266 207 Hours > 21 403 24 0 0 0
Hours > 26 75 0 0 0 0 0 28 31 Hours > 26 16 0 0 0 0
Hours > 27 25 0 0 0 0 0 11 10 Hours > 27 4 0 0 0 0
Hours < 20 7190 744 696 744 719 649 363 220 Hours < 20 203 644 744 720 744
FanPow 9244,80 0,00 0,00 0,00 129600  1339,20  1296,00  1339,20 FanPow 1339,20 129600  1339,20 0,00 0,00
HtRec 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 HtRec 0,00 0,00 0,00 0,00 0,00
ClRec 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 ClRec 0,00 0,00 0,00 0,00 0,00
HtCoil 9213,00 0,00 0,00 0,00 143860  1391,26 119696  1136,80 HtCoil 1166,85 ~ 1397,82 148472 0,00 0,00
CICoil 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CICoil 0,00 0,00 0,00 0,00 0,00
Humidif 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 Humidif 0,00 0,00 0,00 0,00 0,00
FloorHeat 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 FloorHeat 0,00 0,00 0,00 0,00 0,00
FloorCool 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 FloorCool 0,00 0,00 0,00 0,00 0,00
CentHeatPumpPow 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CentHeatPumpPow 0,00 0,00 0,00 0,00 0,00
CentCoolingPow 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CentCoolingPow 0,00 0,00 0,00 0,00 0,00
CentHeatPump 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CentHeatPump 0,00 0,00 0,00 0,00 0,00
CentCooling 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CentCooling 0,00 0,00 0,00 0,00 0,00
Calculation: Hammershus with insulated walls:
T
tsbi5 Hammershus uden gammel.disxml (Udstilling) 4.12.2013 13.21 Page 1 ng)
Year 2012, tstep=50, RadModel=Petersen, Options: optimized xsun moist longwsky longwave latheat Year 2012, tstep=50, RadModel=Petersen, Options: optimized xsun moist longwsky longwave latt
Month Sum/Mean 1 2 3 4 5 6 7 Month 8 9 10 11 12
gHeating 5521,35 0,00 0,00 0,00 1620,32 970,64 424,39 217,33 qHeating 213,54 802,56 1272,58 0,00 0,00
qCooling 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 qCooling 0,00 0,00 0,00 0,00 0,00
qlnfiltration -11178,70 -131,17 -271,04 -582,75 -1466,70 -1542,01 -1327,58 -1283,27 gInfiltration -1282,24 -1300,19 -1350,66 -489,60 -151,49
qVenting 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 qVenting 0,00 0,00 0,00 0,00 0,00
qSunRad 9807,01 179,99 350,66 679,79  1103,98  1552,19 158954 154332 qSunRad 1252.10 809.97 412,92 210,60 121.96
qPeople 18489,60 0,00 0,00 000  2592,00 267840 259200  2678,40 qPeople 267840 259200 267840 0,00 0,00
qEquipment 171,20 0,00 0,00 0,00 24,00 24,80 24,00 24,80 qEquipment 24.80 24.00 24.80 0.00 0,00
qLighting 3014,07 0,00 0,00 0,00 425,60 426,70 407,00 423,40 qLighting 433.77 433,60 464,00 0,00 0,00
qTransmission -2629,23 -48,82 -79,62 97,04 729,74 -230,38 -40594  -413,34 qTransmission 162,90 -357.90 412,06 279,01 29,53
qMixing 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 qMixing 0.00 0,00 0,00 0.00 0,00
qVentilation -23195,30 0,00 0,00 000 -3569.45  -3880,33  -3303,41  -3190,63 qVentilation 315747 -3004.03  -3089.97 0.00 0,00
e |2
utdoor mean! N -0, -0, N | 5 ! X
0p mean(C) 16 00 03 40 17 177 20,7 218 o " 1= s oa 2
el Mosurel) 665 206 w02 726 sae sto 570 506 AirChange(h) 32 o2 32 o o
. isture(%, 3 , E s X s f ) N o,
Co2(ppm) 4433 350,0 350,0 350,0 5138 5101 508.4 507.7 22'2'('\;;:;“'3( ) 58;’2 Sgg’g 5?2’2 sgg’g agg’g
PAQ(-) 0,7 1,0 1,0 1,0 09 0,5 03 0,1 PAQ() 02 0.4 07 09 10
Hours > 21 1292 0 0 0 0 71 303 438 S : . : .
Hours > 26 98 0 0 0 0 0 38 39 :gﬂz z g; 42&13 43 g g g
Hours > 27 42 0 0 0 0 0 14 18
Hours < 20 7033 744 696 744 716 618 334 192 :gﬂ:z z gg 1;8 6 1g . 42 723 . 42
FanPow 9244,80 0,00 0,00 0,00 129600 133920  1296,00  1339,20
FanPow 133920  1296,00  1339,20 0,00 0,00
HtRec 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 HiReo 0,00 0,00 0,00 0,00 0.00
ClRec 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 ClRoo 0,00 0,00 0,00 0,00 0,00
HtCoil 9213,00 0,00 0,00 000 143860 139126 119696  1136,80 ¢ g g g " g
CICoil 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 HtCoil 116685 1397.82 148472 0,00 0,00
Humidif 0.00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 CiCoil. 0,00 0,00 0,00 0,00 0,00
FloorHeat 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 Humidif 0,00 0,00 0,00 0,00 0,00
FloorCool 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 FloorHeat 0,00 0,00 0,00 0,00 0,00
CentHeatPumpPow 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 FloorGool 0,00 0,00 0,00 0,00 0,00
CentCoolingPow 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CentHeatPumpPow 0,00 0,00 0,00 0,00 0,00
CentHeatPump 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CentCoolingPow 0,00 0,00 0,00 0,00 0,00
CentCooling 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CentHeatPump 0,00 0,00 0,00 0,00 0,00
CentCooling 0,00 0,00 0,00 0,00 0,00
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APPENDIX C

Calculation: Hammershus with original wall and heating room

tsbi5 Hammershus uden gammel.disxml (Udstilling) 4.12.2013 13.48 Page 1 inc‘)

Year 2012, tstep=50, RadModel=Petersen, Options: optimized xsun moist longwsky longwave latheat Year 2012, tstep=50, RadModel=Petersen, Options: optimized xsun moist longwsky longwave latl
Month Sum/Mean 1 2 3 4 5 6 7 Month 1 12
qgHeating 4848,10 0,00 0,00 0,00 1602,63 765,16 266,20 95,01 qHeating 126,14 720,62  1272,35 0,00 0,00
qCooling 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 qCooling 0,00 0,00 0,00 0,00 0,00
qglnfiltration -12726,88 -59,99 -175,83 -394,72 -1841,15 -2029,48 -1742,38 -1667,81 glnfiltration -1619,92  -1538,46 -1428,01 -209,63 -19,50
qVenting 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 qVenting 0,00 0,00 0,00 0,00 0,00
qSunRad 7279,25 98,91 219,49 464,86 832,29 1211,17 1254,24 1210,06 qSunRad 957,04 572,94 271,23 118,76 68,27
qPeople 18489,60 0,00 0,00 0,00 2592,00 2678,40 2592,00 2678,40 qPeople 2678,40 2592,00 2678,40 0,00 0,00
qEquipment 171,20 0,00 0,00 0,00 24,00 24,80 24,00 24,80 qEquipment 24,80 24,00 24,80 0,00 0,00
qLighting 3025,89 0,00 0,00 0,00 427,00 428,20 408,61 424,69 qLighting 434,40 435,70 467,30 0,00 0,00
qTransmission -7459,52 -38,92 -43,66 70,14 -1414,78 970,87  -96357  -1001,50 qTransmission 85951  -998.25  -1140.43 90.87 4876
qMixing 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 qMixing 0,00 0,00 0,00 0,00 0,00
gVentilation -13627,65 0,00 0,00 0,00 -2222,00 -2107,38 -1839,09 -1763,65 qVentilation -1741,35 -1808,55 -2145,63 0,00 0,00
Sum 0,00 -0,00 -0,00 0,00 -0,00 0,00 0,00 -0,00 Sum 0,00 0,00 0,00 -0,00 0,00
tOutdoor mean(°C) 7,7 -0,5 -0,8 1,7 5,6 1,3 15,0 16,4 tOutdoor mean(°C) 16,2 125 9,1 4,8 15
tOp mean(°C) 12,1 -0,3 -0,1 3,2 13,2 19,6 22,4 23,3 tOp mean(°C) 22,9 18,9 14,8 57 15
AirChange(/h) 2,2 0,7 0,7 0,7 3.2 3,2 3,2 3.2 AirChange(/h) 3.2 3,2 3,2 0,7 0,7
Rel. Moisture(%) 44,2 82,0 82,1 75,6 25,1 18,2 17,9 18,1 Rel. Moisture(%) 17,7 20,8 22,5 73,5 77,2
Co2(ppm) 443,0 350,0 350,0 350,0 512,9 509,1 507,7 507,2 Co2(ppm) 507,5 509,7 512,1 350,0 350,0
PAQ(-) 0,9 1,0 1,0 1,0 1,0 0,8 0,7 0,6 PAQ(-) 0,7 0.8 1,0 1,0 1,0
Hours > 21 1910 0 0 0 13 213 421 572 Hours > 21 584 107 0 0 0
Hours > 26 336 0 0 0 0 23 106 127 Hours > 26 80 0 0 0 0
Hours > 27 188 0 0 0 0 2 79 72 Hours > 27 35 0 0 0 0
Hours < 20 6431 744 696 744 696 448 190 79 Hours < 20 94 532 744 720 744
FanPow 9244,80 0,00 0,00 0,00 1296,00 1339,20 1296,00 1339,20 FanPow 1339,20 1296,00 1339,20 0,00 0,00
HtRec 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 HtRec 0,00 0,00 0,00 0,00 0,00
ClRec 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CIRec 0,00 0,00 0,00 0,00 0,00
HtCoil 7306,65 0,00 0,00 0,00 1308,12 1049,31 829,29 751,08 HtCoil 774,21 1163,70 1430,94 0,00 0,00
ClCoil 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 ClICoil 0,00 0,00 0,00 0,00 0,00
Humidif 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 Humidif 0,00 0,00 0,00 0,00 0,00
FloorHeat 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 FloorHeat 0,00 0,00 0,00 0,00 0,00
FloorCool 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 FloorCool 0,00 0,00 0,00 0,00 0,00
CentHeatPumpPow 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CentHeatPumpPow 0,00 0,00 0,00 0,00 0,00
CentCoolingPow 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CentCoolingPow 0,00 0,00 0,00 0,00 0,00
CentHeatPump 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CentHeatPump 0,00 0,00 0,00 0,00 0,00
CentCooling 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CentCooling 0,00 0,00 0,00 0,00 0,00

Calculation: Hammershus with original wall and heating room

tsbi5 Hammershus uden gammel.disxml (Udstilling) 4.12.2013 13.38 Page 1 1g)
Year 2012, tstep=50, RadModel=Petersen, Options: optimized xsun moist longwsky longwave latheat Year 2012, tstep=50, RadModel=Petersen, Options: optimized xsun moist longwsky longwave
Month Sum/Mean 1 2 4 5 6 7 Month 8 9 10 11 12
qHeating 4499 44 0,00 0,00 0,00 1569,32 677,23 205,70 56,96 qHeating 90,48 636,18 1263,57 0,00 0,00
qCooling 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 qCooling 0,00 0,00 0,00 0,00 0,00
qInfiltration -13814,99 -70,70 -179,82 -435,35 -2020,90 -2197,20 -1886,41 -1807,08 qInfiltration -1757,94 -1664,05 -1577,92 -207,03 -10,58
qVenting 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 qVenting 0,00 0,00 0,00 0,00 0,00
qSunRad 7279,66 98,92 219,50 464,89 832,34 1211,23 1254,30 1210,13 qSunRad 957,09 572,97 271,25 118,77 68,27
qPeople 18489,60 0,00 0,00 0,00 2592,00 2678,40 2592,00 2678,40 qPeople 2678,40 2592,00 2678,40 0,00 0,00
qEquipment 171,20 0,00 0,00 0,00 24,00 24,80 24,00 24,80 qEquipment 24,80 24,00 24,80 0,00 0,00
qLighting 3024,70 0,00 0,00 0,00 427,00 427,80 408,60 424,10 qLighting 434,20 435.70 467,30 0,00 0.00
qTransmission -2456,45 -28,22 -39,68 -29,54 -584,42 -142,06 -268,02 -348,92 qTransmission -215,25 -361,88 -469,04 88,27 -57,69
qMixing 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 qMixing 0,00 0.00 0,00 0,00 0,00
qVentilation -17193,16 0,00 0,00 0,00 -2839,34  -2680,19  -2330,18  -2238,39 qVentilation 201177 -203492  -2658.36 0.00 0.00
Sum 0,00 0,00 0,00 -0,00 0,00 0,00 0,00 0,00 Sum .00 0.00 20,00 0.00 0.00
tOutdoor mean(°C) 77 -05 -0,8 17 5,6 11,3 15,0 16,4 tOutdoor mean(<C) 16,2 12,5 9.1 48 15
tOp mean(°C) 12,5 03 0,1 34 14,0 20,3 23,0 239 {Op mean(°C) 235 195 155 56 15
AirChange(/h) 2.2 07 07 07 3.2 3.2 3.2 32 AirChange(/h) 32 32 32 0.7 07
Rel. Moisture(%) 437 81,5 81,9 752 24,3 17,6 17,4 17,6 Rel. Moisture(%) 172 202 218 72.7 76.9
Co2(ppm) 4427 350,0 350,0 350,0 5123 508,6 5072 506,8 Co2(ppm) 5070 509.3 5116 3500 3500
PAQ(-) 0,9 1.0 10 1.0 1,0 08 0,7 06 PAQL) 06 08 0.9 10 10
Hours > 21 2172 0 0 0 21 270 490 626 Hours = 21 516 129 0 0 0
Hours > 26 454 0 0 0 0 32 138 161 Hours = 26 123 p o 0 0
Hours > 27 296 0 0 0 0 22 97 110 Hours > 27 67 0 0 0 0
Hours < 20 6151 744 696 744 672 384 145 53 Hours < 20 8 449 732 720 744
FanPow 9244,80 0,00 0,00 0,00 1296,00 1339,20 1296,00 1339,20 FanPow 133920 1296,00  1339.20 0,00 000
HtRec 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 HtRec O‘OO 0’00 0‘00 0'00 0’00
ClRec 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 ClRec OYOO 0’00 0’00 OYOO 0’00
HtCoil 7302,27 0,00 0,00 0,00 1307,71 1048,65 828,50 750,05 HtCoil 773'39 1163’22 1430‘75 0‘00 0'00
ClCoil 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CICoil O'OO 0’00 0’00 0’00 0’00
Humidif 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 Humidif O‘OO 0’00 0’00 0'00 0’00
FloorHeat 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 FloorHeat 0‘00 0’00 0‘00 0'00 0'00
FloorCool 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 FloorCool 0’00 0’00 0’00 0’00 0’00
CentHeatPumpPow 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 g ’ g g ’
CentCoolingPow 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 GentieatPumpPow 0,00 0,00 0,00 0,00 0,00
CentHeatPump 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 GentCoolingPow 0,00 0,00 0,00 0,00 0,00
CentCooling 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 CentHeatPump 0,00 0,00 0,00 0,00 0,00
CentCooling 0,00 0,00 0,00 0,00 0,00
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